
Minutes of October 13, 2005meeting with Ventura County MS4 Permittees and the Regional 
Board held at the Ventura County Watershed Protection District office. 

MS4 Permittees 
Jack Phillips from Division ofBuilding & Safety acted as moderator. Jeff Pratt spoke on behalf 
ofthe District summarizing Ventura County's MS4 Program. Darla Wise (Ventura Watershed 
Protection District), Vicky Musgrove and Richard Bradley (City of San Buenaventura), Mark 
Pumford (City of Oxnard), Bert Rapp (City ofFillmore), Joe Drakin (City of Simi Valley), Arne 
Anselm (City of Thousand Oaks), Anita Kuhlman (City of Camarillo), complemented with 
comments on behalf of the Pennittees. 

• Would like to maintain good working relationships with the Regional Board; 
• Would like to develop a permit that attains and addresses water quality; 
• Public and the community is behind implementing compliance with water quality; 
• Beach replenishment is a concern for coastal cities; 
• The Watershed Protection District has done continuous modeling simulation for flow 

impacts. The most detailed are for Calleguas Creek, but has sufficient information to do the 
same for the other watersheds; / 

• County would like an interim period prior to a Hydromodification Control Plan taking effect; 
• Concem with implementing Low Impact Development in built-out areas. Support additional 

detail in the permit iii order to improve the Permittees ability to work with developers; 
• Concem with submitting 2 reports- the monitoring report in June and the Annual Report in 

October, due to cost and workload; · 
• Principal Permittee will most likely remain the Watershed Protection District; 
• Request a change from the existing schedule for permit adoption in order to discuss 

significant issues; and 
• The Govemor has signed legislation authorizing the District to go to voters to impose a storm 

water charge. 

Regional Board 
Debbie Smith provided a general overview of the Water Board's policy in advancing storm water 
permits and compliance with TMDLs. Xavier Swamikannu then described the significant areas 
of advancement in the proposed permit, and highlighted the key areas within each permit 
program area, including Public Involvement/Participation; Development Planning, Development 
Construction, Public Agency Activities; Illicit Connectionllllicit Discharge Elimination; TMDL · 
Compliance, and Monitoring. 

• Stonn water program is progressive and contains emergent issues; 
• Pennit format will be in-line with both LAs' and Long Beachs', with new additions such as 

TMDL compliance; 
• Permit will make sure that its requirements are clear and its expectations are also clearly 

known; 
• Water Quality Exceedences will be dealt through the permit in the form ofviolations, and 

corrective actions; 
• No separate Storm Water Management Plan will be required. Each Permittee has the 

discretion to develop Standard Operating Procedures for implementation; 
• Hydromodification Plan will be required, size dependent; 
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Minutes of October 13, 2005meeting with Ventura County MS4 Permittees and the Regional 
Board held at the Ventura County Watershed Protection District office. 

• Education issues will be addressed in the Public Information and Participation Program; 
• Stann drain systems will need to be mapped as a GIS layer for the ICID program; 
• Pem1it will contain a TMDL section; 
• Waters with exceedences in water quality standards but for which a TMDL(s) has not been 

developed will be required to implement BMPs focused on the pollutant(s) causing 
impairment, 

• A trash study will be required to document the extent of the problem; 
• Post construction BMPs will be include a municipal inspection program for implementation 

and effectiveness; 
• Low Impact Development measures will be required for new and re-development projects 
• Nurseries not covered by the Agricultural wavier will have to be inspected under the 

Industrial/Commercial Business Program; 
• Recommend including ecologically sensitive areas (such as: wetlands) within the ESAs; 
• Electronic data submittal within 90 days of sampling may be required instead of a separate 

June monito1ing report; 
• Almual Report will be submitted in an electronic fonnat; and 
• Will schedule 2 separate meetings to discuss significant issues, prior to issuing a draft permit. 

Will not be able to provide an advance copy of the draft before public release, for reason of 
equity. 

Issues to be Discussed at a Future Meeting 
• Hydromodification; 
• Low Impact Development; 
• Monitoring; 
• Program Effectiveness; and 
• ESA maps. 

Watershed Protection District will obtain for the Regional Board 
• Definition of Hillside(% slope/grade) from all permittees with a definition; and 
• Estimated dollar amount spent on K-12 education 

Watershed Protection District will look for: 
• GIS layers ofhabitat areas such as: wetlands. 
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From: 
To: 
Date: 
Subject: 

Hello Mark, 

Tracy Woods 
Mark 
10/24/2005 12:49:51 PM 
Re: October 13, 2005, Minutes and Attendance Sheet 

If you would submit your comments on the minutes from the 10/13/05 meeting, I will put them in the 
administrative record and attribute them to you. 

Thanks-

Tracy Woods 
RWQCB-LA!Storm Water Section 
320 W. 4th Street, #200 
Los Angeles, CA 90013 
Phone: (213) 620-2095 
Fax: (213) 576-5777 
E-mail: twoods@waterboards.ca.gov 

»> "Mark" <mark.pumford@nextel.blackberry.net> 10/20/2005 7:55 PM »> 
I hope we have a chance to comment on the minutes in a formal fashion, since my recollection of some of 
the discussion, especially enforcement and a trash study requirement, differ from these minutes. 

Thanks! 

mp 
-----Original Message-----
From: "Tracy Woods" <twoods@waterboards.ca.gov> 
Date: Thu, 20 Oct 2005 19:32:39 
To:<akuhlman@ci.camarillo.ca.us>, <brapp@ci.fillmore.ca.us>, <mmathews@ci.moorpark.ca.us>, 
<fcam arillo@ci .port-humeneme.ca.us>, <cfinley@ci.santa-paula.ca.us>, <rbradley@ci. ventura.ca. us>, 
<vmusgrove@ci.ventura.ca.us>, <mark.pumford@nextel.blackberry.net>, 
<hawksassoc@prodigy.net>, <aschuber@simivalley.org>, <jkelly@toaks.org>, 
<Darla.Wise@ventura.org>, <Eiyse.Ditzel@ventura.org>, <jack.phillips@ventura.org>, 
<Jeff.Pratt@ventura.org>, <Paui.Tantet@ventura.org>, "Carlos Urrunaga" 
<currunaga@waterboards.ca.gov>, "Dan Radulescu" <dradulescu@waterboards.ca.gov>, 
"Deborah Smith" <Dsmith@waterboards.ca.gov>, "Ejigu Solomon" 
<ESOLOMON@waterboards.ca.gov>, "lvar Ridgeway" <iridgeway@waterboards.ca.gov>, "Xavier 
Swamikannu" <Xswamikannu@waterboards.ca.gov> 
Subject: October 13, 2005, Minutes and Attendance Sheet 

H.ello, 

Attached are the minutes and attendance sheet from the 10/13/05 meeting with Ventura County MS4 
Permittees and the Regional Board, held at the Ventura County Watershed Protection District Office. 
If I have left anyone out of the e-mail list let me know and I will send a copy to them. 

Thanks-

Tracy Woods 
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/ '\ton11 Water MS4 Meeting with Ventura County Permittees & LA-RWQCB 
.L4ovember 9, 2005 
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Meeting called by: 

Facilitator: 

1. Introductions 

2. Event Reporting 

Ventura Countywide Stormwater Quality Management Program 

Stormwater Permit Negotiation Workgroup Meeting 
December 14, 2005 
10:00 .Al\1-12:00 PM 
RWQCB, Los Angeles 

VCWPD 

Darla Wise 

-----Meeting Agenda----

3. Source Identification 

4. Land Use 

5. Mass Emission Sites - Part of TMDL 

6. Adaptive Management 

7. Blackout Dates 

8. Other Items \ 

K:\WQ\Water Quality Section~'PDES Program'NPDES Managernent\Permit Negot. WrkGrp\P-er Neg Agenda 12-14-0S.doc 



Monitoring Program 

• Mass Emissions 
• Aquatic Toxicity Monitoring 
• Tributary Monitoring 
• Landuse Monitoring 
• Compliance Monitoring 
• Bioassessment Mpnitoring 
• Trash and Debris Study 
• Pyrethroid Insecticides Study 
• Hydromodification Control Study 
• Low Impact Development 
• Volunteer Monitoring Programs 
• Standard Monitoring Provisions 

) 



Stom1 Water MS4 Meeting with Ventura County Permittees, LA-RWQCB& SCCWRP 
December 14, 2005 
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From: 
To: 
Date: 
Subject: 
meeting 

"Darla Wise" <Darla.Wise@ventura.org> 
<twoods@waterboards.ca.gov> 
1/12/2006 2:36:51 PM 
Response to monitoring issues discussed at Dec. 14th Permit Renewal Discussion 

We met with Regional Water Quality Control Board staff on December 14th to discuss monitoring 
requirements that may be included in the renewed Ventura Countywide NPDES Stormwater Permit. The 
following outlines issues that were discussed during that meeting and our responses to the issues: 

1. Relocate the SCR ME station lower in the watershed to capture contribution from the cities of 
Ventura and Oxnard. Relocate current station from the Freeman Diversion to the Hwy 101 Bridge* If 
relocation is not possible, add additional monitoring stations to capture major inputs from the cities of 
Oxnard and Ventura. 

Comments: Relocating the SCR ME station to the Hwy 101 Bridge is not advisable due to logistical 
problems such as maintaining connectivity with the river, safe access, flow measurement, maintaining a 
rating curve with no hydraulic controls, and power. Adding two additional stations to monitor input from 
the cities of Ventura and Oxnard would cost approximately $60,000 to $75,000 per station for equipment 
and installation and approximately $10,000 per event for labor and analytical costs. Estimated cost for 
first year setup and operation - $200,000. 

2. At ME sites, monitoring all storm events equal to or greater than 0.25" for TSS as an indication of 
pollutant load variability from storm to storm. 

Comments *Ventura Count is very different from Los Angeles County in that it is largely comprised of 
undeveloped open space with a high degree of sediment contribution from natural sources. The 
RWQCB's approach to determine urban pollutant load variability based on TSS contribution does not 
make sense in Ventura County where TSS contribution from natural sources is high. Estimated cost for 
monitoring ME sites for all storm events greater than 0.25" is approximately $50,000. 

3. Addition of tributary monitoring sites in four watersheds in an attempt to identify pollutant sources 
on a sub-basin level. Each watershed will have between 2 and 5 stations. Two watersheds will be 
monitored on a two year basis and rotated every 2 years. The stations will collect time paced composite 
samples with a full suite analysis for the first event followed by parameters based on POC's, 303d listings 
and water quality exceedances. The Coastal watersheds will include the harbors of Port Hueneme, 
Channel Islands, and Ventura. Sample collection at the harbor sites includes all inputs to the harbors. 

Comments *This element of the expanded monitoring program has a very high price tag of approximately 
$250,000 per year including equipment, labor and chemical analyses. Due to logistical issues, the cost to 
establish a semi-permanent monitoring station for a two year time frame is substantial. The same issues 
faced when installing a permanent station (vandalism, safety, flow measurement viability, maintaining a 
rating curve, river connectivity, access, power, etc.) must be addressed when adding a station for a two 
year time frame. This element of the monitoring program will add a substantial annual cost to the Ventura 
County Program without resulting in meaningful benefit to the Stormwater Program. 

4. Special Studies* Including Regional Hydrologic, Pyrethroid Water Quality, Trash Studies, and The 
BIGHT Study. 

Comments: While special studies are important they must be undertaken in a prudent manner due to the 
substantial costs for such scientific efforts. Participation in all of these special studies will require a 
financial commitment of approximately $270,000. This represents a significant cost to the co-permittees 
of the VC stormwater program. If the RWQCB expects the cost of such research to be covered by our 
Stormwater program, state funding opportunities should to be identified to support this research effort. 
Currently Ventura County Stormwater and the Los Angeles Stormwater Monitoring programs spend 
approximately $500,000 per Million population. The added requirements discussed at the December 14th 

Page 1 



meeting will increase Ventura County's program cost to approximately $1,000,000 per Million population, 
over $1.2 dollars for each and every Ventura County resident. This is a heavy financial burden to place on 
the Ventura County Co-permittees. There seems to have been little thought towards the financial 
consequences of the proposed monitoring elements of the new permit. 

5. A consolidated SCREMP Nutrient TMDL Work Plan was expected one year from the adoption of 
the SCR Nutrient TMDL. 

Comments: The Nutrient TMDL was established for this reach because the area from Santa Paula to the 
Freeman diversion was impacted by nutrients due to the discharge from the Santa Paula WWTP. It 
should be noted that the cities of Santa Paula and Fillmore will be going to zero discharge with new 
Sewage Treatment Plants in 2008. 

The nutrient modeling for Nutrient TMDL showed that when the Santa Paula Sewage Treatment plant is 
upgraded with nutrient removal technologies the river will no longer be impacted for nutrients. Therefore, 
any monitoring as part of the stormwater program would be a waste of time and money. 

The staff report for the development of the SCR Nutrient TMDL stated that the "mass emission monitoring 
data conducted for MS4 NPDES Permit compliance indicate that the MS4 discharges are below the WLA 
in both wet and dry weather samples." As the MS4 discharges are "a minor load of ammonia, nitrite, .and 
nitrate to the Santa Clara River, the compliance alternative is an iterative. approach*" This indicates that 
our existing Stormwater Management Plan is adequate for the protection of receiving water quality. Since 
total nitrogen and ammonia are both pollutants of concer'n for the Ventura County program, the sources 
C)re being addressed and tracked under a number of program elements, including residential, new 
development, ahd public infrastructure. Our recent trend analysis showed a "statistically significant 
increase in ammonia" at our industrial site that will be looked at under the next permit cycle;. however, "no 
trends were observed for nitrates on any of the sites", indicating that we have probably reached MEP for 
that nutrient under our existing program. 

The monitoring requirements for the SCR Nutrient TMDL are spelled out in section 1 0.5.3 of the 
staff report, and differ from the.expectations voiced by regional board staff at our meeting. According;.to 
the staff report, "MS4 Monitoring will be in accordance with Work Plans to be submitted by MS4 
permittees in Los Angeles and Ventura Counties, respectively. The Work Plans can include a phased 
approach in which initial monitoring will be provided by existing mass emission monitoring stations*" Our 
current monitoring program includes the SCR mass emission monitoring station at the lower end of SCR 
Reach 3. The TMDL Work Plan requirements are met. 

Let me know if you have questions or comments regarding the above items. I'd be happy to talk to you 
further about the monitoring requirements or any other pennit item. 

Darla D. Wise 
Water Quality Manager 
Watershed Protection District 
Ventura County 
805 654-3942 

CC: <akuhlman@CI.CAMARILLO.CA.US>, <brapp@ci.fillmore.ca.us>, 
<MMathews@ci.moorpark.ca.us>, <mark.pumford@ci.oxnard.ca.us>, <cmattingly@ci.port
hueneme.ca.us>, <fcamarillo@ci.port-hueneme.ca.us>, <cfinley@ci.santa-paula.ca.us>,. 
<JDeakin@ci.simi-valley.ca.us>, <rbradley@ci.ventura.ca.us>, <VMusgrove@ci.ventura.ca.us>, 
<hawksassoc@prodigy;net>, <aschuber@simivalley.org>, <jkelly@toaks.org>, "Gerhardt Hubner" 
<Gerhardt.Hubner@ventura.org>, "Jack Phillips" <Jack.Phillips@ventura.org>, "Marty Robinson" 



<Marty.Robinson@ventura.org>, "Raymond Gutierrez" <Raymond.Gutierrez@ventura.org>, 
<Xswamlkannu@waterboards.ca.gov> 
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Calleguas Creek TMDL Implementation Plan Meeting 

March 13, 2006 minutes of 1 000 teleconference meeting held at the Regional Board and the 
County ofVentura with the Ventura CountyMS4 Permittees, the Regional Board, and Larry 

1 · Walker Associates. 

Agenda: 
• Larry Walker Associates spoke to the Ventura MS4 Permitees and the Regional Board about 

the Calleguas Creek TMDL implementation plan and its monito1ing requirements. 
• Calleguas Creek TMDL implementation plan consistent with Storm Water Permit. 

MS4 Permittees 
David Thomas WPD 
Darla Wise WPD 
Paul Tantet WPD 
Anita Kuhlman, City of Camarillo 
Richard Bradley, City of Ventura 
Darrell Siegrist, Ventura County 

• Permittees had no comments. 

Larry Walker Associates 
Chris Minton, L W A 
Ashli Desai, L W A 

• Preliminary drafts of the Calleguas Creek Watershed Coordinated Monitoring Program 
(WMP) for Toxicity and OCs TMDL have been submitted to RB4 (April & June 2005). 

• Currently efforts are being made to coordinate Agriculture Waiver requirements with the 
WMP. The Agriculture Waiver monitoring plan is due August 2006. 

• Stakeholder group is working on how to implement the WMP. 

• TMDL Monitoring Program (WMP) must be submitted 6 months after effective date of 
am~ndment. 

• Initiate TMDL Monitoring Program (WMP) 6 months after Executive Officer approval of 
WMP. 

• TMDL monitoring will be done primarily in receiving waters. 

• To track exceedences (identify sources) in the sub-watersheds land-use sites will be 
monitored. The exact number and locations of the land-use sites has not been determined, at 
this time. 
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Calleguas Creek TMDL Implementation Plan Meeting 

March 13, 2006 minutes of 1000 teleconference meeting held at the Regional Board and the 
County of Ventura with the Ventura COlmty MS4 Pem1ittees, the Regional Board, and Lany 
Walker Associates. 

• Composite sampling in sub-watersheds may be done if selected sampling sites have mass 
emissions stations. 

• Single grab samples have been proposed for sampling sites in sub-watershed locations that 
do not have mass emissions stations. 

• TMDL monitoring will follow an adaptive approach, with revisions based on monitoring 
results. 

• Funding for the WMP has not been detennined, as of yet. 

• Point Mugu (US Navy-military) has committed to sharing monitoring responsibilities, but 
military funding has not been decided. 

• The TMDL has 20 years from adoption to achieve Final WLAs and there is no date for 
Inte1im WLAs. 

• Siltation load and WLAs requirements will be addressed in Special Study #1, 8 years after 
effective date of amendment. 

Regional Board 
Xavier Swamikannu, R WQCB 
Ivar Ridgeway, RWQCB 
Tracy Woods, RWQCB 
Carlos Ununaga, RWQCB 
Sam Unger, RWQCB 

• Stonn water monitoring emphasizes wet weather load allocation. 

• Dry weather load allocation will be expressed as a prohibition. 

• The proposed Ventura MS4 monitoring scheme will use 30 day monitming to verify the 
effectiveness of the dry weather prohibition. 

• Compliance will be measured in sub-watershed locations. 

• Calleguas Creek TMDLs do not preclude end of pipe sampling. 

• The ICIID program component will be the vehicle for compliance with the dry weather 
prohibition, which necessitates end -of-pipe sampling. 

• Exceedences of the WLAs are not addressed in either the TMDLs or WMP. 
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Calleguas Creek TMDL Implementation Plan Meeting 

March 13, 2006 minutes of 1000 teleconference meeting held at the Regional Board and the 
County of Ventura with the Ventura County MS4 Permittees, the Regional Board, and Larry 
Walker Associates. 

• Manner of enforcement ofWLA exceedences has not been determined. 

• There will be no end of pipe limits for storm water discharges in this MS4 Permit cycle. 

• There will be a ramp up of the IC/ID program in the MS4 Permit. 

• Staff report will note there are 2 options for Permit compliance ofTJ\1DLs: 
1) Program in-place as stated in MS4 Pennit will take effect when Permit is adopted; 
2) Program in-place as stated in MS4 Permit will take effect in a specified amount of time 

(example: lyear) so that Permittees have an added incentive to develop their own TMDL 
implementation and monitoring plan for adoption by the Board. 
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Meeting Sign-in Sheet 

Date: 13 March 2006 Location: CRWQCB- Los Angeles Region 
320 West 4th Street, Suite 200, Los Angeles, CA 90013 

Subject: Monitoring Meeting (Ventura County) 

Name Agency/ Company/ Mailing and Email Address Telephone 
Resident 
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Public Works Department • Wastewater Division 
6001 South Perkins Rd. • Oxnard, CA 93033-9047 • (805) 488-3517 • Fax (805) 488-2036 

January 26, 2006 

Mr. Jonathan Bishop, Executive Officer 
Regional Water Quality Control Board- Los Angeles 
320 W. 4111 Street, Suite 200 
Los Angeles, CA 90012 

,·, 
,• /. 

Subject: PERMIT RENEWAL - WASTE DISCHARGE REQUIREMENTS -FOR 
•' 

lV.iUNiCIPAL STORM WAl'ERAND URBAN RUNOFF DISCHARGES 
(NPDES PERMIT NO. CAS004002) 

Dear Mr. Bishop: 

', ··, 

' ' 

-""(-

On December 14, 2005, representatives of the Ventura Countywide Municipal Stormwaier 
Management Program met with staff from the Regional Water Quality Control Board to discuss 
monitoring requirements that may be included in the next round of permit renewal, expected in 
2006. These meetings have been extremely valuable in understanding Regional Board staffs 
monitoring expectations, and providing the permittee's expertise in evaluating conditions 
specific to the watersheds of Ventura County. You have received comments from the principal 
permittee by e-mail dated January 12, 2006. While the City of Oxnard concurs with the 
evaluation of the proposed new monitoring requirements by Ventura County Watershed 
Protection District staff, we would like to add the following comments: 

1. The Porter/Cologne Water Quality Control Act section 13385.5 addresses storm water 
discharge monitoring requirements, and requires that: 

(8) For the purposes of determining constituents to be 
sampled for, sampling intervals, and sampling 
frequencies, to be included in a municipal storm water 
permit monitoring program, the regional board shall 
consider the following information, as the regional board 
determines to be applicable: 

(A) Discharge characterization monitoring data. 

(B) Water quality data collected through the permit 
monitoring program. 

(C) Applicable water quality data collected, analyzed, 
and reported by federal, state, and local agencies, and 
other public and private entities. 

(;'\.5) 
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(D) Any applicable listing under Section 303( d) of the 
Clean Water Act (33 U.S.C. Sec. 1313). 

(E) Applicable water quality objectives and criteria 
established in accordance with the regional board basin 
plans, statewide plans, and federal regulations. 

(F) Reports and studies regarding source contribution of 
pollutants in runoff not based on direct water quaiity . . . 
measurements. 

Page 2 

A new suite of monitoring is being proposed for the next permit cycle. We request that the above 
information and their roles in developing the new monitoring requirement be explained in the 
staff report for the draft permit. 

2. The requirements of the California Water Code for standardized sampling and analysis 
protocols in municipal stormwater monitoring programs led to the development of the 
model monitoring progra.tn. This document was developed by the Southern California 
Stormwater Monitoring Coalition (SMC), represented by tJ:-.uee regional boards, municipal 
permittees representing six counties, Heal the Bay, and SCC\VRP. The basic philosophy 
is: 

"Monitoring should be focused on decision making; data not helpful in making a 
decision about clearly defined regulat01y, management, or technical issues should not be 
collected. " 

The Core Management Questions presented in the Model Monitoring document are: 

Are conditions in receiving waters protective, or likely to be protective, of 
beneficial uses? 
What is the extent and magnitude of the current or potential receiving water 
problems? · 
What is the relative /urban mnoff contribution tp the receiving water 
problem(s)? 
What are the sources to urban runoff that contribute to receiving water 
problems? ' 
P...re conditions in receivi!lg waters getting better or worse? 

The current stormwater monitoring program, in conjunction with other monitoring programs 
within the county (e.g., NPDES, SWAMP, conditional waiver for agricultural discharges, 
TMDL, etc.), will continue to provide information to answer the first two questions; however, 
lacking a state-wide stormwater policy, the relative impacts of urban runoff cannot be assessed. 
The short-term i.t-npacts from stormwater and urban mnoff are recognized and made part of the 
findings in permits for municipal separate storm sewer systems (MS4s), but are not addressed in 
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Basin Plan for the Los Angeles region. The most pressing questions for an MS4 permit are what 
are the sources to urban runoff that contribute to receiving water problems, and are conditions 
getting better or worse? The most effective way to do this is to draw the focus of the monitoring 
to the urban areas, instead of monitoring on a watershed basis. None of the proposed monitoring 
program changes apparently accomplish this, and the rationale for a departure from the model 
monitoring should accompany the staff report for the draft permit. 

At this point in the implementation of our monitoring and management plans (twelve+ years), 
we should be able to determine some of the sources of pollutants of concern in the urban runoff 
of Ventura County, and address them in the program elements currently in place, or develop new 
focus areas to mitigate the sources. 

3. We have been told by staff that there will be a new trash monitoring requirement in the 
monitoring program of the renewed permit. As you know, trash has been the focus of a 
multi-year study in the major, and now minor, open channels in the Oxnard area. While the 
major focus of the studies is identify sources of trash in the channel and address them with 
the programmatic elements of our Stormwater Management Plan, another is to identify 
possible funding sources through an Adopt-a-Channel program. Since we don't know the 
specific language that is proposed for the new monitoring program, and the associated 
quality control/quality assurance requirements, our Adopt-a-Channel program is effectively 
on hold. We urge the Regional Board staff to provide draft language to the copennittees at 
the earliest possible point in the renewal process, and to justify in the staff report the need to 
place a requirement for trash monitoring in the permit, when it has been in place for the last 
three years. 

We look forward to continued participation with Regional Board staff on the development of the 
next urban runoff permit, and the monitoring program designed to evaluate its effectiveness. 

If you have any questions on the above early comments on the permit renewal, or would like any 
additional information on the current stormwater program, please feel free to call me at (805) 271 
-2205. 

Sincerely, 

Wastewater Superintendent 

C:\Docurncnts and Scttings\pwmarp\My Documcnts\LcucrsMcmos\jbishopSWpcrmil_hr.doc 
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DEFINITION OF "MAXIMUM EXTENT PRACTICABLE" 

ISSUE 

FEB 111993 

What is the meaning of the standard "maximum extent practicable" 
(MEP) as used in the Clean Water Act's storm water provisions, 

and how can this standard be communicated to the regulated 
community? How can this concept be included in the draft ·BMP 
manual? 

CONCLUSION 

The standard "maximum extent practicable" is not specifically · 
defined for use in the storm water program. It has been defined 

.in other rules, however, to require taking all actions which are 
technically feasible. I have included draft language for the 
manual. 

DISCUSSION 

Section 402(p) of' the Clean Water Act (33 U.S. C. § 1342 (p)) 
provides that permits issued for discharges from municipal 
separate storm sewers must require controls to reduce the . 
discharge of pollutants "to the maximum extent practicable". 
The statutory language provides that municipal permits: 

"Shall rE;quire. controls to reduce the discharge of 
pollutants to the maximum extent practicable, 
including management practices, control techniques and 
system, design and engineering methods, and such other 
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provisions as the [EPA] Administrator or the State 
determines appropriate for the control of such 
pollutants." Clean Water Act Section 
402(p)(3)(B)(iii); 33 U.S.C. § 1342(p)(3)(B)(iii). 

Neither Congress nor the U.S. Environmental Protection- Agency 
(EPA) has defined the term "maximum extent practicable", and yet 
this is the critical standard which municipal dischargers must 
attain in order to comply with their permits. (The State could 
have spelled out the specific controls which the municipalities 
were required to undertake. However, such an approach would 
have relinquished the municipal dischargers of any flexibility 
in implementing their storm water programs.) 

On its face, it is possible to discern some outline of the 
intent of Congress in establishing the MEP standard. First, the 
requirement is to reduce the discharge of pollutants, rather 
than totally prohibit such discharge. Presumably, the reason 
for this standard (and the difference from the more stringent 
~tandard applied to industrial dischargers in Section 
402(p)(3)(A)), is the knowledge that it is not possible for 
municipal dischargers to prevent the discharge of all pollutants 
in storm water. The second point which is clearly encompassed 
in the standard is that it is the permitting agency, and not the. 
discharger, which is the ultimate arbiter on whether there has 
been sufficient reduction of pollutants. 

The most difficult issue is determining how much pollutants must 
be reduced, or, in other words, which best management practices 
(BMPs) must be employed in order to comply with the MEP 
standard. While the term is not defined in the Clean Water Act 
or the EPA regulations, the same term does appear in other 
federal laws and regulations, and there are some definitions or 
interpretations which may be useful to the storm water program. 

In the Uranium Mill Tailings Radiation Control Act of 1978 
(42 U.S.C. § 7901, et seq.), the Department of Energy was 

required to designate within one year of the Act's adoption ~to 
the maximum extent practicable" contaminated areas within the 
vicinity of uranium processing sites. In addressing a lawsuit 
brought after the Department designated very few of the 
"vicinity properties", the federal COl.,lrt declared that MEP means 
~a substantial majoxity of the locc?.tions" should have been 
designated within the year. Sierra Club v. Edwards (D.C.D.C. 
1983) 19 ERC 1357. Where a NEPA regulation required that "to 
the maximum extent practicable" environmental clearance was 
required for uncompleted projects which had never undergone NEPA 
review, a court held that the regulation "mandates a meaningful 

\. 
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environmental review" rather than a "perfunctory evaluation". 
Save the Courthouse Corn.rnittee v. Lynn (S.D.N.Y. 1975) 408 
F . S u pp . 13 2 3 . 

In an interim final regulation recently promulgated by the 
Department of Transportation, MEP is defined, where operators of 
onshore oil pipelines must have resources "to the maximum extent 
practicable" to remove and to mitigate 9r prevent wor~t case 
discharges. 49 CFR Part 194. MEP is defined to mean: 

"The limits of available technology and the practical 
and technical limits on an individual pipeline 
operator in planning the response resources required 
to provide the on-water recovery capability and the 
shoreline protection and cleanup capability to conduct 
response activities . . .. " 

Finally, the term MEP is used in the Superfund legislation, 
wherein permanent solutions and alternative treatment 
technologies must be selected "to the maximum·extent 
practicable". CERCLA, Section 121 (b) . The 1egislati ve 'history 
of the language indicates that the relevant factors in ; 
determining Whether MEP is met include technical feasibilityu 
cost, and state and public acceptance. 132 Cong. Rec. H 9561 
. (Oct . 8, 19 8 6) . 

While each of the above interpretations and definitions varie;s, 
they do follow a pattern. The pattern that emerges is that 
there must be a serious attempt to comply, and that practical 
solutions may not be lightly rejected. If a municipality 
reviews a lengthy menu of BMPs, and chooses to select only a few 
of the least expensive, it is likely that MEP has not been met. 
On the other hand, if a municipal discharger employs all 
applicable BMPs except those where it can show that they are not 
technically feasible in the locality, or whose cost would exceed 
any benefit to be derived, it would have met the standard. rn· 
any case, the burden would be on the municipal discharger to 
show compliance. 

The definitions contained in the pipeline regulation and the 
Superfund leg-islative history are most analogous to storm water 
regulation. The major emphasis in both of these rules are 
technical feasibility. ·Similarly, the municipal dischargers 
should be required to employ whatever BMPs are feasibler i.e., 
are likel-y to be -eff-eot-ive ana -are net eo-s-t pr0hi-biti:v:e. Thus, 
where a choice may be made between two BMPs which should provide 
generally comparative effectiveness, the discharger may choose 
the least expensive alternative and exclude the more expensive 
BMP. However, it would not be acceptable either to reject all 
BMPS which would address a pollutant source or to ~pick a BMP 
based solely on cost, which would be clearly less effective. 

--- .- ~. 
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As you know, the BMP Guidance manual is being published by the 
Task Force, which is made up of dischargers, rather than by the 

State Water Board. As far as I know, there is no intention for 
the State Water Board to adopt the manual as its own guidance 
document. Therefore,. it is important to stress in the manual, 
both in the section on MEP and in the front of the manual, that 
this manual is not a publication of the State or the Regional 
Water Boards, and that these Boards have not specifically 
endorsed the contents. Rather, the manual was assembled by a 
group of dischargers in the interest·of assisting themselves and 
others to comply with the storm water permits. In the section 
on MEP, it should be stated that the final determination 
regarding whether a discharger was reduced pollutants to the 
maximum extent practicable can only be made by the Regional or 
State Water Boards, but that selection and implementation of 
BMPs through consideration of the listed factors should assist 
dischargers in achieving compliance. 

The following language is suggested in order to clarify that the 
manual is not the product of the State Water Board: 

"This Manual was produced and published by the Storm 
Water Task Force, an advisory body of municipal 
agencies regulated by the storm water program. This 
Manual is not a publication of the State Water 
Resources Control Board or any Regional Water Quality 
Control Board, and none of these Boards has 
specifically endorsed the contents thereof. The 
purpose of this manual is to assist the members of the 
Task Force and other dischargers subject to storm 
water permits, ,in attaining compliance with such 
permits." 

The following language is recommended in place of Insert A in 
the manual for municipal dischargers: 

"Although MEP is not defined by the federal 
regulations, use of this manual in selecting BMPs 
should assist municipalities in achieving MEP. In 
selecting BMPs which will achieve MEP, it is important 
to remember that municipalities will be responsible to 
reduce the discharge of pollutants in storm water to 
the maximum extent practicable. This means choosing 
'effective :SMPs, and rejecting app1icabJe El!U?13 only 
where other effective BMPs will.serve the same 
purpose, the BMPs would not be technically feasible, 
or the cost would be prohibitive. The following 
factors may be useful to consider: 

'1, Effectiveness: Will the BMP address a pollutant 
of concern? 
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n 2 . Regulatory Compliance: Is the BMP in compliance 
with storm water regulations as well as other 
environmental regulations? 

II 3 ' Public acceptance: 
support? 

Does the BMP have public 

"4 . cost: Will the cost of implementing the BMP have 
a reasonable relationship to the pollution 
control benefits to be achieved? 

11 5. Technical Feasibility: Is the BMP technically 
feasible considering soils, geography, water 
resources, etc.? 

"After selecting a menu of BMPs, it is of course the 
responsibility of the discharger to insure that all 
BMPs are implemented.u 
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SUBJECT: MUNICIPAL SEPARATE STORM SEWER SYSTEM PERMITS 

Arnold Schwarzer 
Governor \. 

The purpose of this memorandum is to provide some legal background information r~garding 
municipal separate storm sewer system permits ("MS4s" or "municipal permits"). The staff 
reports for the Salinas MS4 permit, the Monterey Regional Storm Water Management Plan and 
the update on storm water activities provides additional information. 

NPDES permits must generally contain numeric effluent limits to ensure the protection of 
beneficial uses. Industrial permits (including construction permits) are subject to Clean Water 
Act effluent limit requirements. 1 However, industrial and construction permits usually require 
best management practices (BMPs) rather than establishing numeric effluent limits, because 
developing numeric limits is generally infeasible? 

Unlike industrial permits, MS4 permits do not have to include effluent limits. Rather, MS4 
permits must include "controls to reduce the discharge of pollutants to the maximum extent 
practicable, including management practices, control techniques and systems, design and 
engineering methods, and such other provisions as ... the State determines appropriate for the 
control of such pollutants."3 MS4 permits must also "effectively prohibit non-storm water 
discharges" into the system.4 

1 Clean Water Act§ 402(p)(3)(A). 
2 40 CFR § 122.44(1<). 
3 Clean Water Act§ 402(p)(3)(B) (emphasis added); Building Indust1y Ass 'n of San Diego County v. State Board 
(2004) 124 Cal.App.4th 866. 

4 Clean Water Act§ 402(p)(3)(B). 
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Maximum Extent Practicable 

The Court of Appeal recently ruled that since the Clean Water Act does not define MEP, it was 
proper for the Regional Board to define MEP in the permit: 

... As broadly defined in the Permit, the maximum extent practicable standard is 
a highly flexible concept that depencls on balancing numerous factors, including 
the particular control's technical feasibility, cost, public acceptance, regulatory 
compliance, and effectiveness. This definition conveys that the Permit's 
maximum extent practicable standard is a term of art, and is not a phrase that can 
be interpreted solely by reference to its everyday or dictionary meaning. Further, 
the Permit's definitional section states that the maximum extent practicable 
standard "considers economics and is generally, but not necessarily, less stringent 
than BAT." (Italics added.) BAT is an acronym for "best available technology 
economically achievable," which is a technology-based standard for industrial 
storm water dischargers that focuses on reducing pollutants by treatment or by a 
combination of treatment and best management practices. [Citation omitted.]. If 
the maximum extent practicable standard is generally "less stringent" than another 
Clean Wat~r Act standard that relies on available technologies, it would be 
unreasonable to conclude that anything more stringent than the maximum extent 
practicable standard is necessarily impossible. In other contexts, courts have 
similarly recognized that the word "practicable" does not necessarily mean the 
most that can possibly be done. [Citations omitted.]5 

· 

The State Board has explained MEP as follows: 

MEP is the technology-based standard established by Congress in CW A section 
402(p)(3)(B)(iii) that municipal dischargers of storm water must meet. 
Technology-based standards establish the level of pollutant reductions that 
dischargers must achieve. MEP is generally a ·result of emphasizing pollution 
prevention and source control BMPs as the first lines of defense 'in combination 
with structural and treatment methods where appropriate serving as additional 
lines of defense. The MEP approach is an ever evolving, flexible, and advancing 
concept, which considers technical and economic feasibility. As knowledge about 
controlling urban runoff continues to evolve, so does that which constitutes MEP. 
The individual and collective activities elucidated in the MS4's SWMP become 
its proposal for reducing or eliminating pollutants in storm water to the MEP. 
The way in which MEP is met may vary between communities. 

5 Building Industry Ass 'n of San Diego County v. State Board, supra. 
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The MEP standard applies to all regulated MS4s, including those in Phase I and 
small MS4s regulated by [the Phase II] General Permit. Consistent with U.S. 
EPA guidance, the MEP standard in California is applied so that a first-round 
storm water permit requires BMPs that will be expanded or better-tailored in 
subsequent permits. In choosing BMPs, the major focus is on technical 
feasibllity, but cost, effectiveness, and public acceptance are also relevant. If a 
Permittee chooses only the most inexpensive BMPs, it is likely that MEP has not 
been met. If a Permittee employs all applicable BMPs except those that are not 
technically feasible in the locality, or whose cost exceeds any benefit to be 
derived, it would meet the MEP standard. MEP requires Permittees to choose 
effective BMPs, and to reject applicable BMPs only where other effective BMPs 
will serve the same purpose, the BMPs are not technically feasible, or the 'cost is 
prohibitive. (See SWRCB Order WQ 2000-11 [citation].) 

Generally, in order to meet MEP, communities that have greater water quality 
impacts must put forth a greater level of effort. Alternatively, for similar water 
quality conditions, communities should put forth an equivalent level of effort. 
However, because larger communities have greater resources (both financial 
resources as well as existing related programs that can help in imple!nenting 
storm water quality programs), it may appear that they have more robust storm 
water programs. Additionally, because storm water programs are locally driven 
and local condi'tions vary, some BMPs may be more effective in one con1munity 
than in another. A community that has a .high growth rate would derive more 
benefit on focusing on construction and post-construction programs than on an 
illicit connection program because illicit connections are more prevalent in older 
communities. 6 

Although the Regional Board must consider costs in determining what constitutes MEP, 
the Board need not perform a cost-benefit analysis and need not demonstrate that the 
benefits of a particular control or BMP outweigh the costs.7 In considering whether a 
BMP' s cost is reasonable, the Board should also consider the cost of any impairments 
from storm water runoff, such as the impacts of beach closures on the local economy.8 

6 State Board Order No. DWQ 2003-0005 (Phase II General Permit), Fact Sheet, pp. 8-9; see also, State Board 
Order No. WQ 2000-0011 (City of Bellflower et al.). 
7 State Board Order No. WQ 2000-0011 (City ofBellflower et al.). 

8 Jd 
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Iterative Process for Achieving Water Quality Standards 

Phase I (large and mediwn) MS4 permits in California typically prohibit any discharges that 
would violate water quality standards in the receiving water. The proposed Salinas permit 
includes such a prohibition. (Prohibition A.2 and Receiving Water Limitation C.l.) The 
Regional Board enforces these prohibitions differently than prohibitions in other permits. These 
are not absolute prohibitions, as in a typical NPDES permit. Rather, the permittee must comply 
with the prohibition through an iterative process. Thus, upon discovering a discharge that is 
causing or contributing to a water quality exceedance (or a condition of pollution, contamination 
or nuisance; see Prohibition A. I and Receiving Water Limitation C.2), the permittee must 
propose more stringent controls in order to reduce the exceedance to the MEP. The proposal is 
subject to the approval of the Executive Officer or Regional Board, who may require the 
permittee to implement more stringent BMPs. The permittee complies with the prohibition by 
undertaking this process and implementing the approved BMPs. 

Thus, the State Board generally does not require "strict compliance" with water quality standards 
through numeric effluent limitations. The iterative approach instead achieves compliance over 
time. "The iterative approach is protective of water quality, but at the same time considers the 
difficulties of achieving full compliance throu?h BMPs that must be enforced throughout large 
and medium municipal storm sewer systems." . 

The Phase II (small MS4) only requires compliance with water quality standards in areas of high 
growth or areas with populations over 50,000. These locales must comply with Attachment 4 of 
the Phase II permit, which, among other things, prohibits causing or contributing to a receiving 
water exceedance, subject to the MEP iterative process. 

Requirements More Stringent than MEP 

Even though the iterative approach does not require strict compliance with water quality 
standards, it is still more stringent than the MEP standard. However, MEP is not an upper limit 
for MS4 permits where a regional board determines that other pollutant controls are 
"appropriate." 10 That is, the provision in Clean Water Act Section 402(p) that allows the State 
to impose "such other provisions as the ... State determines appropriate for the control of such 
pollutants" does not limit those other provisions to the MEP standard. 

Thus, the Phase II pennit incorporates the Ocean Plan and Basin Plan prohibition against 
discharges into Areas. of Special Biological Significance. The Lahontan Region's Basin plan 

9 State Board Order No. WQ 2001-15 (Building Industry Ass'n of San Diego County). 

10 Building Industry Association of San Diego County v. State Board, supra; Defenders of Wildlife v. Browner (9th 
Cir. 1999) 191 F.3d 1159, 1166. . 
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imposes numeric effluent limits for MS4 discharges into the Lake Tahoe basin, which protects an 
outstanding national resource water. 11 More stringent requirements may be necessary for 
discharges into impaired waters. 12 Absent special-status waters or other justification for more 
immediate compliance, the State Board requires that receiving water limitations be subject to the 
iterative approach. 13 

Non-Storm Water Discharges 

MS4 permits must also "effectively prohibit non-storm water discharges" into the system. 
"Storm water" means "storm water runoff, snow melt runoff, and surface runoff and drainage."14 

Thus, permits for MS4s must "effectively prohibit" all discharges into storm drains which are not 
comprised of"storm water runoff, snow melt runoff, and surface runoff and drainage." 
Discharge of sediment in storm water runoff is not a non-storm water discharge. 15 

While MS4s must develop programs that are effective in prohibiting non~storm water discharges 
to the sewer system, they are not responsible for completely prohibiting all non~storm water 
discharges. In general, the requirement to "effectively prohibit" non-storm water discharges 
requires either prohibiting the flows from the MS4 system or ensuring that operators, of non
storm water discharges obtain NPDES permits. MS4s meet this requirement by implementing, a 
program to detect and remove, or to require the discharger into the system to obtain a separate 
NPDES permit for, illicit discharges and improper disposal into the storm sewer. 16 

Most low~ threat discharges, such as landscape irrigation water, dechlorinated swimming pool 
water or air conditioner condensate, are exempt from these re~uirements unless that type of 
discharge is a significant contributor of pollutants to the MS4. 7 

. 

If you have any questions or would like further clarification, please contact me at (916) 341-5165 
or email me at Lokun@waterboards.ca.gov. 

11 State Board Order No. WQO 2001 ~ 11. 

12 See, e.g., 40 CFR § 122.34(3)(1) (small MS4s must comply with requirements more stringent than MEP in a 
TIYIDL or equivalent analysis). 

13 State Board Order No. WQO 2001~11; State Board Order No. WQO 99-05 (Environmental Health Coalition). 

14 40 CFR § 122.26(b)(13). 

15 State Board Order No. WQO 2003~0004 (Weyrich). 

16 40 CFR §§ 122.26(d)(2)(iv)(B),122.34(b)(3). 

17 40 CFR §§ 122.26(d)(2)(iv)(B)(1), 122.34(b)(3)(iii). 
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Ms. Donnette Dunaway, [via email] 
Environmental Specialist 
Central Coast Regional Water 

Quality Control Board 
895 Aerovista Place, Suite 1 01 
San Luis Obispo, CA 93401-5427 
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MEMORANDUM 

Subject; · Implementing the Partial Remand of the Stormwater Phase II Regulations 
Regarding Notices of Intent & NPDES General Permitting :(or Phase II MS4s 

From: James A. Hanlon Is/ 
Director, Office of Wastewater Management 

To: Water M::tnagement Division Directors, Regions I -X 

The purpose of this memorandum is to provide guidance on implementing a partial 
remand of the Stormwater Phase II regulations. The U.S. Court of Appeals for the Ninth Circuit 
recently denied EPA's petition for rehearing in the Phase II litigation. Environmental Defense 
Center, et al. v. EPA, No. 70014 & consolidated cases (91

h, Cir., Sept. 15, 2003). The Department 
of Justice has informed us that further review by the U.S. Supreme Court is not available. This 
memorandum provides interim guidance to EPA ~nd. State NPDES permitting authorities 
pending a rulemaking to conform the Phase II rule fo the court's order. 

The Relevant Provisions of the Rules 

This case challenged the NPDES stormwater regulations issued pursuant to Clean Water 
Act ("CWA") section 402(P}(6). That section directs EPA to "establish a comprehensive 
program to regulate" storm water discharges designated by EPA. We commonly describe these 
regulations as· storm water "Phase II." The regulations require NPDES permits for discharges 
from certain municipal separate storm seWer systems ("MS4s") for which NPDES p~rmits were 
not required under CW A section 402(p )(2) and the Phase 1 regulations. 

The Phase II regulations require that MS4s reduce the discharge of pollutants "to the 
maximum extent practicable" (or "the MEP standard"). The regulations also require the MS4s 
to develop, implement and enforce a stormwater management program containing, ·among other 
things, best n:uinagement practices ("BMPs';) identified by the discharger. The regulations 
authorize the use of"general permits" and require that these BMPs (as well as measurable goals 
associated with these BMPs) be identified in the Notice of Intent ("NOI") filed by the MS4 in 
seeking authorization under a general permit. Relying on the "traditional" general permit model, 
the Agency did not require NOis to be subject to public hearings. 



The Ninth Circuit's Decision 

The Ninth Circuit held that these NOI requirements violated va~ious provisions of CW A 
section 402. They concludeq that "the EPA's failure to require review ofNOis, which are the 
functional equivalents of permits under the Phase II General Permit option, and its failure to 
mak~ NOis available to the public or subject to public hearings contravene the express . 
requirements of the Clean Water Act.'' The remand raises important questions regarding the 
procedures that would be appropriatefor authorization of Phase II MS4 discharges other than 
through an individual peimit. 

· In denying EPA's motion for rehearing the court "vacated" the portions of the Phase II 
rule that address the procedural issues relating to the general permitting option for Phase II 
MS4s. Therefore, the Agency needs to take affirmative action to clarify the general permitting 
option fqr Phase II MS4s. In any such action, we believe it is imperative that implementation of 
the MEP ~tandard remain an "iterative" process that optimizes the reduction of storm water · 
pollutants, rather than a static pollution reduction requirement.. 

In looking at options for implementing the court;s decision, we want to continue to 
provide States with maximum flexibility. Some State Phase Il MS4 permitting procedures 
already appear to meetthe court's intent and will not need chlil;ilges. 'However, the gyneral 
permits and procedures of other States, along with the provisions developed by EPA in States 
where EPA11as pmgram implementation responsibilities, will need to change. To assist MS4 

\

1 

permitting authorities in moving forward with implementing program revisions where needed, 
1

1 EPA provides the following recommendations to address·the court's decision. 

/ 

Guidance for Issuance.ofNew General Permits 

1: Public availability ofNOis The Phase II ruh:s already require that Phase II MS4 
· permittees make the ·records oftheir storrriwater management plans publicly available at 

reasonable times during regular business hours. 40 C.F .R. 122.34(g)(2). NOis (which essentially 
summarize storm water management plans) should also be made publicly available. Permitting 
authorities can ensure the public availability of Phase II MS4 NOis by providing notice on the 
web ofthefacilities applying for coverage under a generalpermit with either an electronic 
posting ofihe .NOis or inform,ation.on·how NQis can be accessed. NOis.could.also be public . 
noticed in~ newspaper, or by another effective manner. 

Unless a permitting authority has already otherwise incorporated public notice procedures 
into its processes for issuance of Phase II MS4 general permits, NPDES agencies that have not 
yet issued final permits should include permit language explaining that {and how) NOis will be 
made available to the public with sufficient time to allow for meaningful public comment. EPA 
recommends that permitting authorities make the NOls av-ailable to .the public at least thirty days 
before authorization to discharge. 
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2. Opportunity for public hearing The court's decision requires that the public be given 
an opportunity.to r~quest a public hearing. If the Phase II MS4 general permittee provides public 
notice for the NOI, thepermitting authority will still need to provide the public an opportunity to 
request a hearing. EPA recommencls that permitting authorities include permit language 
explaining the process for requesting a public hearing on an NOI, the standard by which such 
requests will be judged, the procedures for conducting public hearing requests that are granteq, 
and the procedures for permitting authority consideration of the information submitted at the 
hear~ng in determining whether to grant authorization to discharge to the. submitter or the NO I. If 
a public hearing is requested, the permitting authority should consider both whether to grant a 
hearing and the range of options for the conduct of the hearing, including, for example, a single 
public hearing for consideration of multiple Phase II MS4 permittee NOis. 

3. Permitting Authority reviews ofNOis The permitting authority will need to conduct 
an ,appropriate review of Phase II MS4s' NO Is to ensure consistency with the permit. General 
permits should, to the extent practicable, specify in objective terms what is expected of a Phase II 
MS4 in order to meet the MEP standard. Due to the iterative nature of the MEP standard, we do 
not believe official "approval" ofNOis is necessary, but the generalpermits will need to specify 
when authorization occurs, such as after notice from the permitting authority that review is 
complete, or after a speyified waiti11g period. EPA notes that this process does not preclude the 
permitting authority froin denying an MS4 authorization to discharge.· Either of these timing 
options should provicle the permitting authority with sufficient time· to review NO Is, to ensure 
that NO Is have been publicly available, and that there has been an opportunity to request a public 
hearing to provide input. 

Guidance for General Permits_Already Issued for MS4s 

Permitting authOrities that already have issued general permits should determine the most 
effective way to provide public notice and review ofMS4 NO Is. Unless a permitting authority 
has already otherwise incorporated such procedures into its processes for issuance of Phase II 
MS4 general permits, NPDES agencies that have issued final permits ·should: 

• List on the State or EPA Region's web site those MS4 perm-ittees who have submitted 
NO Is and how NOis can be reviewed by the public. Include information on how 
comments can be submitted and a hearing can be requested. If a public hearing is 
requested, the permitting authority should consider both whether to grant a hearing and 
the range of options for the conduct of the hearing, including, for example, a single public 
hearing for consideration of multiple Phase II MS4 permittee NOls. 

Conduct an appropriate review of submitted NO Is (to determine compliance with the 
permit) and contact the MS4 when changes appear to be needed. 

MS4s continue to ~ave an obligation to apply for permit coverage, whether under an 
individual NPDES permit or an NPDES general permit. We do not believe that the court ruling 
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creates lt;:gal vulnerability for violations of the CW A for Phase II MS4 permittees that have filed 
timely appllcations, whether or not authorization has been granted. The Phase II regulations 
est~blish a,pplicat.lon deadlines, not authorization deadlines. Even when Phase II MS4 permittees 
are·authoiize.d, theregillatiop.s do not require immediate compliance with the MEP standard, i.e., 
development and full impiementation of the Phas·e II MS4 storm water management program. 
Instead, the perin:itting authority spe6ifie1l the applicable time period, which maybe be as long as 
five years after permit issuance. · 

We request that you communicate this guidance to States within your\Region which are 
authorized to admiriister.the NPDES program~ If you have questions or concerns, please contact 
Linda Boornazian at (202)564-0221 or Wendy Bell at (202) 564-0746 .. 

cc: Ben Grumbles, OW 
NPDES B~anch Chiefs, EPA Regions I - X 
Susan Lepow, OGC 
Mark Pollins, ORE 
Robbi Savage, ASIWPCA 
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Memorandum 

Bruce Fujimoto 
Division of Water Quality 

Elizabeth Miller Jennings 
Senior Staff Counsel 

From OFFICE OF THE CHIEF COUNSEL 
STATE WATER RESOURCES CONTROL BOARD 
901 P Street. Sacramento, CA 95814 
Mail Code G-8 

Date: ocr .:; 1995 

Subject: MUNICIPAL STORM WATER PERMITS: COMPLIANCE WITH WATER QUALITY 
OBJECTIVES 

ISSUE 

Must storm water permits for municipal separate storm sewer 
systems (MS4s) include requirements necessary to achieve water 
quality objectives? 

CONCLUSION 

Storm water permits issued to MS4s must include requirements 
necessary to achieve water quality objectives. 

DISCUSSION 

Section 301 of the Clean Water.Act prohibits the discharge of 
any pollutant unless pursuant to a National Pollutant Discharge 
Elimination System ·(NPDES) permit. Section 301 also requires 
compliance with effluent limitations necessary to achieve 
compliance with technology-based standards (e.g., best 

· practicable control technology currently available or secondary 
treatme'nt) . Finally, Section 301 requires compliance with any 
more stringent effluent limitation which are necessary to 
protect water quality standards. 

Section 402(p) of the Clean Water Act includes a technology
based standard for storm water permits issued to MS4s. Such 
permits must re.quire: 

"controls to reduce the discb.arge of pollutants to the 
maximum extent practicable, including management. 
practices, control techniques and system, design and 
engineering methods " 

Section 402(p) does not discuss water quality-based standards. 
A question is therefore raised whether permits issued to MS4s 
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must include only effluent limitations to ~eet the technology
based .standard of "maximum extent practicablerr (MEP) , or 
whether they ·must also include water quality-based effluent 
limitations. 

This question has already been answered by the SWRCB in Order 
No.WQ 91-03. The answer is that permits issued to MS4s must 
include effluent limitations which will achieve the MEP 
standard, and will also achieve compliance with water quality 
objective$. The SWRCB stated: 

We therefore conclude that permits for municipal 
separate storm sewer systems issued pursuant .to Clean 
Water Act Section 402(p) must contain effluent 
limitations based on water quality standards. Order 
No. WQ 91-03, at slip op. 3E. 

The specific language in effluent limitations or other permit 
conditions is left to the discretion of the agency issuing the 
permit. Thus, for storm water permits for MS4s, it is 
approp~iate to include "best managem~nt practices" {BMPs) 
instead of numeric effluent limitations. See; Order No .. ·wQ 91-
03, at slip op .. 3-7 ... 3-8. T:b.1.e-se BMP-s rnay be ade-cruat-e- as bo-th 
technology-based limitations and water quality-based 
limitations. Id. Section 301 {b) {1) (C) ·of the Clean Water Act 
broadly requires compliance with "any more str,ingent 
limitation, including those necessary to meet water quality 
standards". The legal requirements for determining effluent 
limitations in permits are listed in 40 Code of Federal 
Regulations (CFR) Section 122.44. The SWRCB interpreted thes·e 
provisions in Order No. WQ 91-03, and concluded permits for 
MS4s may include BMPs as effluent limitations. 

In Order No. WQ 91-04, the SWRCB considered a storm water 
permit issued to a MS4 that included BMPs as effluent 
limitations, and did not specifically require compliance with 
water quality.objectives. The SWRCB stated that even where a 
permit·..,does not specifically reference violation of water 
quality standards, it should be read "so as to require the 
implementation of practices which will achieve compliance with 
applicable standards". Slip op. at 15. 

In conclusion, the SWRCB has determined storm water permits for 
MS4s must include requirements necessary to achieve compliance 
wi-th .both· MEP and wa.t.er quality standards . The SWRCB has 
allowed RWQCBs to determine the specific requirements to place 
in permits. The SWRCB has approved permits for MS4s which 
include BMPs rather than numeric effluent limitations. The 
SWRCB has also approved a permit that did not specifically 
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prohibit violation of water quality objectives. The permit was 
approved because it contained BMPs adequate to meet water 
quality objectives. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON, D.C. 20460 

NOV 1 5 2006 

MEMORANDUM 

OFFICE OF 
WATER 

. SUBJECT: Establishing TMDL "Daily" L dis in Light of the Decision by the U.S. 
Court of Appeals for the D. . ircuit in Friends the Earth, Inc. v. EPA, et 
a!., No.05-5015, (April 25 0 6) and Implicati s for NPDES Permits 

FROM:t· Benjamin H. Gr 'ble~>·" vv/ 1(- L 
Assistant Adrni · str ' . , I 

TO: 1 Director, Office Ecosystem Protection, Region 1 
Director, Division of Environmental Planning and Protection, Region 2 
Water Division Directors, Regions 3-7 and Region 9 
Director, Office of Ecosystems Protection and Remediation, Region 8 
Directo,r, Office of Environmental Cleanup, Region 10 

The purpose of this memorandum is to clarify EPA's expectations concerning the 
appropriate time increment used to express "total maximum daily loads" (TMDLs) in light 
of the recent decision by the U. S. Court of Appeals for the D.C. Circuit in Friends of the 
Earth, Inc. v. EPA, et al., No. 05-5015 (D.C. Cir. 2006). In Friends of the Earth, the D.C. 
Circuit held that two TMDLs for the Anacostia River (one established by EPA and one . 
approved by EPA) did not comply with the Clean W a:ter Act because they were not 
expressed as "daily" loads. 

The Friends of the Earth decision has raised some questions regarding the 
establishment of both TMDLs and effluent limits in National Pollutant Discharge 
Elimination System (NPDES) permits that implement wasteload allocations established in 
TMDLs. As explained in more detail below, EPA recommends that all future TMDLs and 
associated load allocations and wasteload allocations be expressed in terms of daily time 
increments. However, EPA does not believe that the Friends of the Earth decision requires 
any changes to EPA's existing policy and guidance describing how a TMDL' s wasteload 
allocations are implemented in NPDES permits. 
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EPA's Expectations Regarding "Daily" Loads in TMDLs 

EPA continues to believe that the use of the word "daily" in the term "total 
maximum daily load" is not an unambiguous direction from Congress that TMDLs must be 
stated in the form of a uniformly applicable 24-hour load. However at this time, there is · 
significant legal uncertainty about whether courts across the country will follow the 
reasoning ofthe D.C. Circuit decision in Friends of the Earth or that of the U.S. Court of 
Appeals for the Second Circuit in their decision in NRDC v. Muszynsk/ In light of that 
uncertainty, EPA recommends that all TMDLs and associated load allocations and 
wasteload allocations be expressed in terms of daily time increments. In addition, TMDL 
submissions may include alternative, non-daily pollutant load expressions in order to 
facilitate implementation of the applicable water quality standards. TMDLs must continue 
to be established at a level necessary to attain and maintain the applicable water quality 
standards, account for seasonal variations and include a margin of safety. Because water 
quality standards are expressed in a variety of ways and because pollutants and water 
bodies have different characteristics, EPA believes that there is some flexibility in how the 
daily time increments may be expressed. The following are a few examples of this 
potential flexibility: 

• If consistent with the applicable water quality standard and teclmically suitable for 
the pollutant and water body type in question, a TMDL and associated load 
allocations and wasteload allocations may be expressed as both minimum and· 
maximum daily loads, or as average daily loads. For example, a TMDL for the 
pollutant parameter pH may include both minimum and maximum values consistent 
with how the applicable WQS for the parameter pH is expressed (commonly as a 
range.) 

• If technically appropriate and consistent with the applicable water quality standard, 
it may also be appropriate for the TMDL and associated load allocations and 
wasteload allocations to be expressed in terms of differing maximum daily values 
depending on the season of the year, stream flow (e.g., wet v. dry weather · 
conditions) or other factors. In situations where pollutant loads, water-body flows, 
or other envirorunental factors are highly dynamic, it may be appropriate for 
TMDLs and associated allocations to be expressed as functions of controlling 
factors such as water body flow. For example, a load"duration curve approach to 
expressing a TiyfDL and associated allocations might be appropriate, provided it 
clearly identifies the allowable daily pollutant load for any given day as a function 

1 In NRDC v. Muszynski, 268 F.3d 91 (2"d Cir. 200 I), NRDC challenged EPA's approva·l of nutrient TMDLs 
with annual loads established by New York for reservoirs. The Second Circuit held that "the term 'total 
maximum daily load' .is susceptible to a broader range of meanings" than loads calculated on a daily basis. 
268 F.3d at 98-99. The D. C. Circuit decision in Friends of the Earth is controlling legal precedent for cases 
brought in the District of Columbia Circuit while the Second Circuit decision in Muszynski is controlling 
legal precedent in cases brought in the Secbnd Circuit, which includes the States ofNew York, Connecticut, 
and Vennont. EPA encourages the three States within the Second Circuit, to submit TMDLs with "daily" 
loads in a manner consistent with this memorandum. EPA also recognizes that, while the Second Circuit did 

. not vacate the TMDLs in question merely because they did not contain "daily" loads, it required a reasoned 
explanation for the choice of any particular "non-daily" load. 
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of the flow occurring that day. Using the load-duration curve approach also has the 
advantage of addressing seasonal variations as required by the statute and the 
regulations. 

For TMDLs that are expressed as a concentration of a pollutant, a possible approach 
would be to use a table and/or graph to express the TMDL as daily loads for a range 
of possible daily stream flows. The in-stream water quality criterion multipiied by 
daily stream flow and the appropriate c9nversion factor would translate the 
applicable criterion into a daily target (TMDL). 

EPA will issJe additional technical guidance providing specific information 
regarding the establisl:unent of daily loads for specific pollutants that will take into 
consideration the averaging period ofthe pollutant, the type of water body, and the type of 
sources the TMDL needs to address. 

Facilitating Implementation ofWasteload Allocations through the NPDES Permit 
Process 

In certain circumstances (e.g., impairments caused by storm water), or where the 
applicable water quality criteria are expressed as a long-term average, it may be appropriate 
for TMDL documents or their supporting analysis to clearly set forth the implementation
related assumptions underlying any wasteload allocation expressed as a "daily" load. To 
facilitate implementation of such a load in water bodies where the applicable water quality 
standard is expressed in non-daily terms, it may be appropriate for the TMDL 
documentation to include, in addition to wasteload allocations expressed in daily time 
increments, wasteload allocations expressed as weekly, monthly, seasonal, annual, or other 
appropriate time increments. When this approach is taken, the TMDL and its supporting 
documentation should clearly explain that the non-daily loads and allocations are 
implementation-related assumptions of the daily wasteload allocations and are included to 
facilitate implementation of the daily allocations as appropriate in NPDES permits and 
nonpoint source directed management measures. The supporting documentation should 
discuss the reasons for, and assumptions behind, the non-daily loads to facilitate their 
understanding and use in the implementation phase. 

Recommendations Concerning Existing TMDLs and TMDLs in Process 

Through significant effort of the States and EPA regions, more than 20,000 TMDLs 
have been established, most of them in the last five or six years. EPA's database also 
shows that approximately 65,000-causes of impairment still need to be addressed by 
TMDLs. EPA believes that continued development of TMDLs pursuant to State TMDL 
development schedules is the highest priority at this time. If already existing TMDLs need 
to be revised in the future, revision of the TMDLs and allocations should be consistent with 
the recommendations .in this memorandum. 

For TMDLs under development that have not yet been adopted by States or 
established by EPA, EPA recommends that such TMDLs and apocations be revised, if 
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feasible, to be qonsisteQ.t with this memorandum prior to their adoption or establishment. If 
States adopt and submit TMDLs expressed solely in non-daily terms, EPA expects to ask 
the submitting State to provide written documentation regarding how the submitted 
TMDLs and allocations would be expressed in daily terms. Such documentation provided 
by States could then l:>e included in the administrative records supporting EPA's decisions 
on the TMDLs. If it is unable to obtain such documentation from a State, EPA may 
develop calculations for its administrative approval record demonstrating how the State's 
TMDLs and allocations would be expressed in daily terms. In this case, EPA would make 
it clear that its approval of the State's TMDL is contingent on the assumption that such 
TMDL contains the daily load calculations developed by EPA. 

We recommend that States consult with EPA regarding specific TMDL projects 
early in the development process to determine appropriate approaches to expressing the 
TMDLs and allocations. We are working to provide technical support as soon as 
practicable. First, we will be providing a draft of a technical document outlining an 
approach for deriving daily limits for bacteria, TSS, sediments and nutrients using the load 
duration curve approach. In addition, we are preparing a series of technical fact sheets and 
case studies based on typical averaging periods of criteria, types of water body and t¥pes of 
sources, to provide technical support in developing daily loads for all pollutants. These 
should be available for review and comment within the next few months. 

Implications of the Friends o(tlte Earth Decision for NPDES Permits 

The Friends ofthe Earth decision does not affect an NPDES permitting authority's 
ability to use the discretion available to it under the CW A and the NPDES regulations in 
establishing permit effluent limits and conditions. 

There is no express or implied statutory requirement that effluent limitations in 
NPDES permits necessarily be expressed in daily terms. The CWA definition of"effluent 
limitation" is quite broad ("effluent limitation'' is "any restriction ... on quantities, rates, 
and concentrations of chemical, physical, biological, and other constituents which are 
discharged from point sources ... "). See CWA 502(11). Unlike the CWA's definition of 
TMDL, the CW A definition of "effluent limitation" does not contain a "daily" temporal 
restriction: Indeed, the central statutory requirement for water-quality based effluent limits 
in NPDES permits is that they implement applicable water quality standards. See CW A 
301(b) (1) (C). Such water quality standards will include water quality criteria for various 
pollutant parameters that are expressed in terms of differing temporal periods of duration, 
including hourly, daily, weekly, monthly, seasonal, and annual, as appropriate for each 
pollutant parameter.2 Accordingly, effluent limits in NPDES permits may be written in a 

2 Section 2.1 of EPA's Technical Support Document for Water Quality-based Taxies Control (TSD) dated 
March 1991, describes the basis for establishing water quality criteria. EPA's recommended water quality 
criteria consist of three components: (1) magnitude, (2) duration, and (3) frequency. Magnitude refers to the 
concentration of the pollutant. Duration is the period of time (averaging period) over which the in-water 
concentration is averaged for comparison with criter.ia concentrations. This specification limits the length of 
time that in-water concentrations may exceed the criteria concentrations. Frequency is how often the criteria 
can be exceeded. 
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form that derives from, and complies with, applicable water quality standards that use any 
of these various time measures. See 122.44(d) (1) (vii) (A). 

EPA's regulations at 40 CFR § 122.44(d)(l)(vii) require the permitting authority to 
ensure that: (a) the level of water quality to be achieved by limits on point sources is 
derived from, and complies with, all applicable water quality standards; and (b) effluent 
limitations developed to protect a narrative water quality criterion, a numeric water quality 
criterion, or both, are consistent with the assumptions and requirements of any available 
waste load allocation for the discharge prepared by the State and approved by EPA 
pursuant to 40 C.F.R. 130.7. This provision does not require that effluent limits in NPDES 
permits be expressed in a form that is identical to the form in which an available wasteload 
allocation for the discharge is expressed in a TMDL. Rather, permit limits need only be 
"consistent with the assumptions and requirements" of a TMDL's wasteload allocation.3 

To facilitate implementation of the TMDL, one of the stated "assumptions" of a TMDL' s 
daily load or daily wasteload allocation might be that, for purposes ofNPDES 
implementation in an appropriate context (e.g., storm water), the permit writer has the 
flexibility to express the permit's effluent limitation using a time frame in keeping with, 
and appropriate to, the water body and pollutant in question and the applicable water 
quality standard. Indeed, the TMDL submission might even include such alternate 
temporal expressions of the total load or the waste load allocation as implementation 
assumptions. 

The Friends ofthe Earth decision does not affect the NPDES permitting authority's 
ability to use all available tools to translate TMDLs and their wasteload allocations into 
enforceable effluent limitations in discharge permits. For example, while the NPDES 
permitting regulations require "daily maximum" limits for continuous discharges from 
some point sources, the same regulations specifically authorize "average weekly" and 
"average monthly" limitations- rather than daily limitations- for discharges from publicly 
owned water treatment plants. See 40 C.F.R. 122.45(d). Moreover, the regulations further 
authorize the permit writer to use other unspecified units of time if it is impracticable to 
calculate daily, weekly or monthly limitations. Id. For non-continuous discharges, the 
regulations provide flexibility as to the manner in which such discharges are to be limited 
based on a consideration of factors, including frequency, total mass, maximum rate of 
discharge of pollutants and prohibition or limitation of specified pollutants by mass, 
concentration or other appropriate measure. See 40 C.F.R. 122.45(e). 

NPDES permit regulations do not require that effluent limits in permits be 
expressed as maximum daily limits or even as numeric limitations in all circumstances, and 
such discretion exists regardless of the time increment chosen to express the TMDL. 
Therefore, expressing a TMDL as a daily load does not interfere with a permit writer's 
authority under the regulations to translate that daily load into the appropriate permit 

3 EPA's position on this issue was affirmed by the Environmental Appeals Board in In re: Ciry of Moscow, 
Idaho, I 0 E.A.D. 135, 148 (July 27, 200 I) ("While the governing regulations require consistency, they do not 
require that the permit limitations that will finally be adopted in a final NPDES permit be identical to any of 
the WLAs that may be provided in a TMDL.") 
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limitation, which in turn could be expressed as an hourly, weekly, monthly or other 
measure. 

EPA will continue to use existing guidance and policy memoranda to guide the 
development ofWQBELs that are consistent with both 40 CFR § 122.44(d) (1) (vii) and 40 
CPR § 122.45( d). These include: the Technical Support Document for Water Quality-based 
Taxies Control (TSD) dated March 1991, an EPA Memorandum titled Establishing Total 
Maximum Daily Load (fMDL) Wasteload Allocations (WLAs) for Storm Water Sources 
and NPDES Permit Requirements Based on Those WLAs dated November 22, 2002, and a 
memorandum titled Annual Permit Limits for Nitrogen and Phosphorus for Permits 
Designed to Protect Chesapr;ake Bay and its tidal tributaries from Excess Nutrient Loading 
under the National Pollutant Discharge Elimination System dated March 3, 2004. 

Recommendation Concerning NPDES Permits 

EPA recommends that NPDES permitting authorities continue to establish effluent 
limits that implement wasteload allocations established in approved TMDLs in accordance 
with existing regulation, policy and guidance as described above. 

cc: Ephraim King 
Steve Neugeboren 
Suzanne Schwartz 
James Hanlon 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, D.C. 20460 

NOV 2 2 axJ2 OFFICE OF 
WATER 

MEMORANDUM 

SUBJECT: Establishing Total Maximum Daily Load (TMDL) Wasteload Allocations 
(WLAs) for Storm Water Sources and NPDES Permit Requirements Based on 
Those WLAs 

FROM: Robert H. Wayland, III, Director 

TO: 

Office of Wetlands, Oceans .and Watersheds--

James A. Hanlon, Director 
Office of Wastewater Management 

Water Division Directors 
Regions 1 : 10 

This memorandum clarifies existing EPA regulatory requirements for, and provides 
guidance on, establishing wasteload allocations (WLAs) for storm water discharges in total 
maximum daily loads (TMDLs) approved or established by EPA. It also addresses the 
establishment of water quality-based effluent limits (WQBELs) and.conditions in National 
Pollutant Discharge Elimination System (NPDES) permits based on the WLAs for storm water 
discharges in TMDLs. The key points presented in this memorandum are as follows: 

NPDES-regulated storm water discharges must be addressed by the wasteload 
allocation component of a TMDL. See 40 C.F.R. § 130.2(h). 

NPDES-regulated storm water discharges may not be addressed by the load 
allocation (LA) component of a TMDL. See 40 C.F .R. § 130.2 (g) & (h). 

Storm water discharges from sources that are not currently subject to NPDES 
regulation may be addressed by the load allocation component of a TMDL. See 
40 C.F.R. § 130.2(g). 

It may be reasonable to express allocations for NPDES-regulated storm water 
discharges from multiple point sources as_a single categorical wasteload allocation 
when data and information are insufficient to assign each source or outfall 
individual WLAs. See 40 C.F.R. § 130.2(i). In cases where wasteload allocations 
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are developed for categories of discharges, these categories should be defined as 
narrowly as available information allows. 

The WLAs and LAs are to be expressed in numeric form in the TMDL. See 40 
C.P.R. § 130.2(h) & (i). EPA expects TMDL authorities to make separate 
allocations to NPDES~ regulated storm water discharges (in the form of WLAs) 
and unregulated storm water (in the form ofLAs). EPA recognizes that these 
allocations might be fairly rudimentary because of data limitations and variability 
in the system. 

NPDES permit conditions must be consistent with the assumptions and 
requirements of available WLAs. See 40 C.P.R.§ 122.44(d)(l)(vii)(B). 

WQBELs for NPDES~regulated storm water discharges that implement WLAs in 
TMDLs may be expressed in the form of best management practices (BMPs) 
under specified circumstances. See 33 U.S.C. §1342(p)(3)(B)(iii); 40 C.P.R. 
§ 122.44(k)(2)&(3). If BMPs alone adequately implement the WLAs, then 
additional controls are not necessary. 

EPA expects that most WQBELs for NPDES-regulated municipal and small 
construction storm water discharges will be in the form ofBMPs, and that 
numeric limits will be used only in rare instances. 

When a non-numeric water quality~based effluent limit is imposed, the permit's 
administrative record, including the fact sheet when one is required, needs to 
support that the BMPs are expected to be sufficient to implement the WLA in the 
TMDL. See 40 C.P.R.§§ 124.8, 124.9 & 124.18. 

The NPDES permit must also specify the monitoring necessary to determine 
compliance with effluent limitations. See 40 C.P.R. § 122.44(i). Where effluent 
limits are specified as BMPs, the permit should also specify the monitoring 
necessary to assess if the expected load reductions attributed to BMP 
implementation are achieved (~, BMP performance data). 

The permit should also provide a mechanism to make adjustments to the required 
BMPs as necessary to ensure their adequate performance. 

This memorandum is organized as follows: 

(I). · Regulatory basis for including NPDES-regulated storm water discharges in 
WLAs in TMDLs; 

(II). Options for addressing storm water in TMDLs; and 

2 



(III). Determining effluent limits in NPDES permits for storm water discharges 
consistent with the WLA 

(I). Regulatory Basis for Including NPDES-regulated Storm Water Discharges in WLAs 
in TMDLs 

As part of the 1987 amendments to the CWA, Congress added Section 402(p) to the Act 
to cover discharges composed entirely of storm water. Section 402(p )(2) of the Act requires 
permit coverage for discharges associated with industrial activity and discharges from large and 
medium municipal separate storm sewer systems (MS4), i.e., systems serving a population over 
250,000 or systems serving a population between 100,000 and 250,000, respectively. These 
discharges are referred to as Phase I MS4 discharges. 

In addition, the Administrator was directed to study and issue regulations that designate 
additional storm water discharges, other than those regulated under Phase I, to be regulated in 
order to protect water quality. EPA issued regulations on December 8, 1999 ( 64 FR 68722), 
expanding the NPDES storm water program to include discharges from smaller MS4s (including 
all systems within "urbanized areas" and other systems serving populations less than 1 00,000) 
and storm water discharges from construction sites that disturb one to five acre.s, with 
opportunities for area-specific exclusions. This program expansion is referred to as Phase II. 

Section 402(p) also specifies the levels of control to be incorporated into NPDES storm 
water permits depending on the source (industrial versus municipal storm water). Permits for 
storm water discharges associated with industrial activity are to require compliance with all 

, applicable provisions of Sections 301 and 402 of the CW A, i.e., all technology-based and water 
quality-based requirements. See 33 U.S.C. §1342(p)(3)(A). Permits for discharges from MS4s, 
however, "shall require controls to reduce the discharge of pollutants to the maximum extent 
practicable ... and such other provisions as the Administrator or the State determines appropriate 
for the control of such pollutants." See 33 U .S.C. § 1342(p )(3)(B)(iii). 

Storm water discharges that are regulated under Phase I or Phase II of the NPDES storm 
water program are point sources that must be included in the WLA portion of a TMDL. See 40 
C.P.R. § 130.2(h). Storm water discharges that are not currently subject to Phase I or Phase II of 
the NPDES storm water program are not required to obtain NPDES permits. 33 U.S.C. 
§ 1342(p )(1) & (p )( 6). Therefore, for regulatory purposes, they are analogous to non point 
sources and may be included in the LA portion of a TMDL. See 40 C.P.R.§ 130.2(g). 

(II). Options for Addressing Storm Water in TMDLs 

Decisions about allocations of pollutant loads within a TMDL are driven by the quantity 
and quality of existing and readily available water quality data. The amount of storm water data 
available for a TMDL varies from location to location. Nevertheless, EPA expects TMDL 
authorities will make separate aggregate allocations to NPDES-regulated storm water discharges 
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(in the form ofWLAs) and unregulated storm water (in the form of LAs). It may be reasonable 
to quantify the allocations through estimates or extrapolations, based either on knowledge of land 
use patterns and associated literature values for pollutant loadings or on actual, albeit limited, 
loading information. EPA recognizes that these allocations might be fairly rudimentary because 
of data limitations. 

EPA also recognizes that the available data and information usually are not detailed 
enough to determine waste load allocations for NPDES~regulated storm water discharges on an 
outfall-specific basis. In this situation, EPA recommends expressing the wasteload allocation in 
the TMDL as either a single number for all NPDES-regulated storm water discharges, or wlwn 
information allows, as different WLAs for different identifiable categories, ~, municipal storm 
water as distinguished from storm water discharges from construction sites or municipal storm 
water discharges from City A as distinguished from City B. These categories should be defined 
as narrowly as available information allows (~, for municipalities, separate WLAs for each 
municipality and for industrial sources, separate WLAs for different types of industrial storm 
water sources or dischargers). 

(III). Determining Effluent Limits in NPDES Permits for Storm Water Discharges 
Consistent with the WLA 

Where a TMDL has been approved, NPDES permits must contain effluent limits and 
conditions consistent with the-requirements and assumptions of the wasteload allocations in the 
TMDL. See 40 CFR § 122.44(d)(l)(vii)(B). Effluent limitations to control the discharge of 
pollutants generally are expressed in numerical form. However, in light of33 U.S.C. 
§ 1342(p )(3)(B)(iii), EPA recommends that for NPDES-regulated municipal and small 
construction storm water discharges effluent limits should be expressed as best management_ 
practices {BMPs) or other similar requirements, rather than as numeric effluent limits. See 
Interim Permitting Approach for Water Quality-Based Effluent Limitations in Storm Water 
Permits, 61 FR 43761 (Aug. 26, 1996). The Interim Permitting Approach Policy recognizes the 
need for an iterative approach to control pollutants in storm water discharges. Specifically, the 
policy anticipates that a suite ofBMPs will be used in the initial rounds of permits and that these 
BMPs will be tailored in subsequent rounds. 

EPA's policy recognizes that because storm water discharges are due to storm events that 
are highly variable in frequency and duration and are not easily characterized, only in rare cases 
will it be feasible or appropriate to establish numeric limits for municipal and small construction 
storm water discharges. The variability in the system and minimal data generally available make 
it difficult to determine with precision or certainty actual and projected loadings for individual 
dischargers or grol;lpS of dischargers. Therefore, EPA believes that in these situations, permit 
limits typically can be expressed as BMPs, and that numeric limits will be used only in rare 
instances. 
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Under certain circumstances, BMPs are an appropriate form of effluent limits to control 
pollutants in storm water. See 40 CFR § 122.44(k)(2) & (3). If it is determined that a BMP 
approach (including an iterative BMP approach) is appropriate to meet the storm water 
component ofthe TMDL, EPA recommends that the TMDL reflect this. 

EPA expects that the NPDES permitting authority will review the information provided 
by the TMDL, see 40 C.F .R. § 122.44( d)(l )(vii)(B), and determine whether the effluent limit is 
appropriately expressed using a BMP approach (including an iterative BMP approach) or a 
numeric limit. Where BMPs are used, EPA recommends that the permit provide a mechanism to 
require use of expanded or better-tailored BMPs when monitoring demonstrates they are . 
necessary to implement the WLA and protect water quality. 

Where the NPDES permitting authority allows for a choice ofBMPs, a discussion ofthe 
BMP selection and assumptions needs to be included in the permit's administrative record, 
including the fact sheet when one is required. 40 C.P.R.§§ 124.8, 124.9 & 124.18. For general 
permits, this may be included in the storm water pollution prevention plan required by the 
permit. See 40 C.P.R. § 122.28. Permitting authorities may require the permittee to provide 
supporting information, such as how the permittee designed its management plan to address the 
WLA(s). See 40 C.F.R. § 122.28. The NPDES permit must require the monitoring necessary to 
assure compliance with permit limitations, although the permitting authority has the discretion 
under EPA's regulations to decide the frequency of such monitoring. See 40 CFR § 122.44(i). 
EPA recommends that such permits require collecting data on the actual performance of the 
BMPs. These additional data may provide a basis for revised management measures. The 
monitoring data are likely to have other uses as well. For example, the monitoring data might 
indicate if it is necessary to adjust the BMPs. Any monitoring for storm water required as part of 
the permit should be consistent with the state's overall assessment and monitoring strategy. 

The policy outlined in this memorandum affirms the appropriateness of an iterative, 
adaptive management BMP approach, whereby permits include effluent limits(~, a 
combination of structural and non-structural BMPs) that address storm water discharges, 
implement mechanisms to evaluate the performance of such controls, and make adjustments (i.e., 
more stringent controls or specific BMPs) as necessary to protect water quality. This approach is 
further supported by the recent report from the National Research Council (NRC), Assessing the 
TMDL Approach to Water Quality Management (National Academy Press, 2001 ). The NRC 
report recoinmends an approach that includes "adaptive implementation," i.e., "a cyclical process 
in which TMDL plans are periodically assessed for their achievement of water quality standards" 
... and adjustments made as necessary. NRC Report at ES-5. 

This memorandum discusses existing requirements of the Clean Water Act (CWA) and 
codified in the TMDL and NPDES implementing regulations. Those CW A provisions and 
regulations contain legally binding requirements. This document describes these requirements; it 
does not substitute for those provisions or regulations. The recommendations in this 
memorandum are not binding; indeed, there may be other approaches that would be appropriate 
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in particular situations. When EPA makes a TMDL or permitting decision, it will make each 
decision on a case-by-case basis and wm be guided by the applicable requirements of the CW A 
and implementing regulations, taking into account comments and information presented at that 
time by interested persons regarding the appropriateness of applying these recommendations to 
the particular situation. EPA may change this guidance in the future. 

If you have any questions please feel free to contact us or Linda Boornazian, Director of 
the Water Permits Division or Charles Sutfin, Director of the Assessment and Watershed 
Protection Division. 

cc: 
Water Quality Branch Chiefs 
Regions 1 - 1 0 

Permit Branch Chiefs 
Regions 1 - 1 0 
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.liTI'AC:HMENI' AVAILABLE UPON RECUEST 
UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON, O.C. 2~60 

OFI'ICE 01' 
WATEFI 

MEMORANDUM 

SUBJECT: Designation of Storm Water Discharges 

FROM: 

TO: 

for I~m~~_; P,:Pi~ 
Ja~es K'~Eiaer, Di~~or 
ottVe of Water Enforcement and Permits 

./ 
Water Management Division Directors 
Regions I - X 
NPDES State Directors 

' 
The Water Quality Act of 1987 (WQA) provides EPA and NPDES/ 

States witl! new deadlines for the development of NPDES permit 
requirements for storm water discharges. This memorandum is 
intended to infer~ Regional and Stat~ offices of the authority 
under the Act to continue or initiate efforts to permit storm 
water discharges that are causing environmental problems. 

Background 

Section 405 of the WQA amends the Clean Water Act (C:WA) by 
adding section 402(p) to address storm water discharges. The Act 
provides a moratorium for certain storm water discharges from the 
requirement to obtain permits until after October 1, 1992. 
However, there are specific exceptions to this moratorium: 

(A) A discharge with respect to which a permit has been 
issued under Section 402 before the date of enactment 
of section 402(p). 

(B) A discharge associated with industrial activity. 

(C) A discharge from a ~unicipal separate storm sewer 
system serving a population of 250,000 or more. 

(D) A discharge .from a municipal sepa:rat:.e stc:>nn sewer 
system serving a population of 100,000 or more, but 
less than 250,000. 
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(E) A discharge for which the Regional Administrator or the 
State Director, as the case may be, determines that the 
storm water discharge contributes to a violation of a 
wat~r quality standard or is a significant contributor 
of pollutants to the waters of the United States. 

The existing delegation of authority to Regional Administrators 
to issue and condition permits or to deny applications for 
permits !or discharges pursuant to section 402 of the Clean water 
Act includes the authority to implement section 402(p) (2) (E) 
(Delegations Manual 7/25/84, 2-20 NPDES). This authority may be 
redelegated to the Directors of the Regional Water Divisions, 
subject to the provisions of 40 CFR 124 and 125. 

Section 402{p) (2) (A) preserves the ability to enforce 
existing permits. On December 7, 1988 (53 .rB 49416), EPA issued 
a notice of proposed rulemaking {NPRM) addressing 1permit 
application requirements for discharges covered by sections 
402{p) (2) {B) through (E). This memorandum will discuss 
implementation of section 402(p) (2) {E). 

I 

Discussion 

Although EPA is currently amending regulatory ~equirements 
for permit application.s for industri,al and municipal storm water 
discharges, some storm water discharges have already been 
identified as representing significant sources of pollutants with 
discernible adverse effects on water quality and should be 
regulated through the permits program now. Regional Offices and 
NPDES approved States should designate those storm water 
discharges for permit issuance under the authority of section 
402(p) (2) (E) as soon as possible after their impact is 
documented. 

Storm water dischargers required to obtain an NPDES permit 
under section 402(p) (2) (E) can include dischargers from any 
conveyance or system of conveyances used !or collecting and 
conveying storm water runoff including municipal separate storm 
sewer systems, storm water dischargers associated with industrial 
activity, and other dischargers from a point source. To be 
designated for a permit under section 402(p) (2) (E), the 
Administrator, or in.States with approved NPDES programs, the 
Director, must determine that the storm water discharge 
contributes to a violation of a water quality standard or is a 
significant contributor of pollutants to waters of the United 
states. 

section 502(14) of the CWA defines the term "point source" 
broadly to include "any discernible, confined and discrete 
conveyance, including but not limited to any pipe, ditch, 
channel, tunnel, conduit, well, discrete fissure, container, 
rolling stock, concentrated animal feeding operation, or vessel 
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or other floating craft, from which pollutants are or may be 
discharged.•• ~Many courts have supported broad interpretations of 
tnis term, for example, the court in Sierra Club v. Abston 
construction Co., Inc., 620 F.2d 41 (5th Cir. 1980) found that 
conveyances formed either as a result of natural erosion or by 
material means, and which constitute a component of a drainage 
system, were point sources. 

However, it should be not~d that agricultural storm water 
discharges and return flows from irrigated agriculture are 
specifically excluded from the CWA definition of point source, 
and cannot be designated for a permit under section 402(p) (2) (E). 
In addition, Section 402(1) (2) prohibits EPA from requiring an 
N'PDES permit for dischar.ges of storm water runoff from mining 
operations or oil. and ,gas operations· composed entirely of storm 
water which is not contaminated by contact with, or does not come 
into contact with any overburden, raw material, intermediate 
products, finished product, by-product or waste products located 
on the site of such operations. Storm water discharges from 

'mining operations or oil and gas operations which meet the 
criteria of secti.on 402 (p) (2) (E) as being either a significant 
contributor of pollutants to waters of the United States or 
cont.ributinq to a water ~..lalit:i' standard violation either will be 
conta!!finated by contact with; or will have come into conta-ct with 
overburden, raw material, intermediate products, finished 
product, by-product or waste product~ located on the site of such 
l""\f"'\.0.,..2~;,......,C! 
...,:-'""'" ... ----··...,. 

At a minimum, Regions and States .should consider immediately 
designating any storm wrater discharges as requiring an NPDES 
..... .,.,._,.;~if' ~no r'l;c:.~l-!;llrt"Yoc: ::~~...-a lr.,.,l"''..._. .... ,.,,.c:,....oro~o.-:1 +-o• 1:'----- -- -··- ----··---:J-- --- . ._. ... - ....... / -~-t"".._.._. ___ "'"' • 

1. contribute to a violation of a water quality standard 
for a wraterbody segment listed under section 
304(1) (1) (B), or contribute significant amounts of 
pollutants to any waterbody segment listed under 
sections 304(l)(l.)(A), 319(a)(l), or 314(a){l){F) 1

• 

2. contribute significant amounts of pollutants to waters 
ot the United States, including sensitive wretlands, 
drinking water sources, estuaries, lakes, scenic 
rivers/streams, or near coastal areas that are highly 
valued natural resources. 

Many discharges of pollutants associated writh urban 
runoff, construction, mining, agricultural (feedlots), and waste 
disposal have traditionally been considered nonpoint sources. 
However, legally, storm water from these sources discharged 
through c~nveyances are point sources under the CWA. 
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3. Originate from municipal separate storm sewer systems 
tha~have, or are suspected of having, process waste or 
sanitary wastes discharged to them. 

4. Originate from municipal separate storm sewer systems 
that are suspected of containing a significant 
contribution of pollutants. 

The four categories presented include {but are not limited 
to) discharges which require storm water pe~its. Each category 
is described and further clarified using example case histories 
categorized in the following pages. 

1. CONTRJB!IT! TO A VIOU'l'ION OP A lfA'l'.IR QtJALI'I'Y STMfOARP FOR A 
li:l\'l'.ERBtlDX SEGMENT LISTE·D UND'ER SECTION 301 (l) (1) (B) I OR 
CONTRIBUTE SIGNIFICANT POLLOTANIS TO ANY lfAT!fRBOOY SEGMENT 
LISTED u:nuER SECTIONS 30'4 Cl) (1) Cf.) 1 3i9 (a> Cl) I oB 
3li fa.) Cll !i'>. · · · 

·A. contribute to a violation o! a water quality standard 
tor 1& vat~arbody segment 1ist•d und•r section 
30-4 (1) (l.·) (B), or contri:but• aiqnificant ·&lllount.s of 
pollutaats to &ny watilrbo4y s•qm•nt 1iat•ci und•r 
section 304 (1) (1) (A). 

Section 304(1) of the CWA requires States to develop three 
lists of related waters impaired by toxic and nontoxic 
pollutants. The first list (section 304(1) (l) (A) (i)) includes 
waters that will not achieve numeric water quality standards for 
the 126 p~iority pollutants identifi~d as toxic pursuant to 
section 307(a) of· tha c~A after application of CWA technology
based requirements. The second list (section 304{1) (1} (A) (ii)) 
is a comprehensive list of waters impaired by any pollutant from 
any source such that the water is not meeting the goals of the 
C~A after application of technology-based requirements. The 
section 304(1) (1) (B) list consists of those waters which, after 
application of technology-based requirements, are not expected to 
achieve numeric or narrative water quality standards due entirely 
or substantially ;o point source discharges of any of the 126 
priority toxic pollutants. The fourth list (section 
304(1) {1) (C)) is a list of point sources affecting the 
waterbodies on the section 304(1) (l) (B) list. On this fourth ., '_.._ s·-·-- -··-.. .a .,.a_~ ..... -1! •• th- - _..,... #:. _.; -- --u-......... ~ d·.; _ ........... -..g'ng .L~::t'-, '-Cll.ol:l:l JJ.lu.;;a~oo ...................... 1 u:r ;;Jp ....... ~ ... ~C p ....... u ...... ...., ... ......... ""'"''-u"" ... • 

the toxic pollutant responsible for the listing, and provide an 
individual control strategy (ICS) for each source. The statutory 
language for section 304(1) (1) is as follows: 

"State list of Navigable Watets and Devel~pment of 
Strategies. 

( .. \ 
rt.} a list of thosa waters within the State which after the 

application of effluent limitations required under 
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section 30l(b) (2) of this Act cannot reasonably be 
anticipated to attain or maintain (i) water quality 
standards for such waters review:ed, revised, or adopted 
in a_ccordance with section 303(c) (2) (B) of this Act, 
due to toxic pollutants, or (ii) that water quality 
which shall assure protection of public health, public 
water supplies, agricultural and industrial uses, and 
the prote~tion ~nd propa9ati~n of a balanced population 
of shellf1sh, flsh and w1ldl1fe, and allow recreational 
activities in and on the water~ 

(B) list of all navigable waters in such state for 
\o/hich the State does not expect the applicable 

·standard under section 303 of this Act will be 
achieved after the requirements of sections 
301(b), 306, and 307{b) are met, due entirely or 
substantially to discharges from point sources of 
any toxic pollutants listed pursuant to section 
307 {a); 

(C) for each seg-ment of the navigable waters included on 
such lists, a dete.rmination of the specific point 
sources discharging any such toxic pollutant which is 
believed t-o be preventing or impairing s-uCh water 
quality and the amount of each such toxic pollutant 
discharged by each such source." 

Waterbodies may be listed under section 304(1) because of 
storJ!l \o/ater discharges as!?ociated with urban runoff, construction 
site runoff, mining runoff, or other runoff categories which 
contribute to a water quality standard violation. For 
waterbodies listed on the section 304 { 1) ( 1) {B) list, State.s or 
EPA must have identified the specific point source discharging 
the toxic pollutant by June 4, 1989. States must have developed 
an individual control strategy (ICS/NPDES permit) by June 4, 1989 
or EPA in cooperation 'with States must have done so by 
June 4, 1990. It the storm water discharge does.not have an 
NPDES permit that will control the point source and bring the 
waterbody into compliance with state water quality standards, 
then the discharge should be designated·under section 
402(p) (2) (E). After designation, the ICS should have been 
developed by June 4, 1990 in accordance with 304(1) regulatory 
requirements established on June 2, 1989 {54 rB 23868). 

Paragraph (A) (ii) of section 304(1) (1) includes a list~ng o! 
waterbod-ies whi-ch, -af-ter application of technoloqy..,based limits, 
fail to meet applicable water quality standards that assure the 
attainment of designated uses and the fishable/swimmable goals o! 
the CWA. This list is comprehensive (i.e. it is not limited to 
waterbodies impaired by toxic pollutants) ; and where storm water 
discharges impair these listed waters, the storm water discharge 
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should be cons.idered for designation and penni t issuance under 
section 402 (p}' (2) (E). 

Example 

The lower Duwamish River, which empties into the Puget sound in 
Washington, has been categorized as having extremely poor water 
quality, partly attributable to metals contamination. The major 
caus~s of the .river's condition are industrial dischargesr 
polluted storm water discharges, overland runoff, and combined 
sewer overflows. As a result, the lower Duwamish River was 
originally included on Washington's section 304(1) (1) (B) list. 
As part of the ~get Sound Estuart Program's activities, storm 
water discharges were characterized for pollutant loadings of 
metals and organics. Several storm drains were listed due to 
metals contributions under section 304(1) (1) (C). Since the 
original listings were submitted, however, the State has 
suggested that storm drains be delisted. If any storm drains 
remain on the section 304(1) (1) (C) list, an ICS/NPDES permit will 
be developed. For storm drains not listed, additional 
information should be collected; and if this information shows a 
contribution to a water quality impairment, such storm water 
discharg.es should be designated for permitting under section 
402(p) (2) (E). 

B. Contribute siqnificant pollutants to any vaterbody 
.seqment listed under section 319(a) (1). 

Many storm water discharges have traditionally been 
considered to be nonpoint sources of pollution because of ·their 
d ~ -F4>uk..,. "'"'d l'n+-.,.......,~·+-+-on'+- n"'tu·,,..,. r ...... ,..l. ly he'"'""'""'- th-y ar""' ~"- • ..,.._ -•• ... ._..,..,. • ..,....,._ ..., ...,. • ._ • ....,,_~..,. I " ".._. y ._. ... I ._ -.... 

considered point sources if discharged from a conveyance. 
Section 319(a) (l) {A) of the CWA requires States to identify in 
Nonpoint Source Assessment Reports those navigable waters within 
the State whi~h,.without additional action to.control nonpoint 
sources of pollution, cannot reasonably be expected to attain or 
maintain applicable wat~r quality standards or goals and 
requirements of the CWA. Section 319(a) (1) (B) requires States to 
identity those categories and subcategories of nonpoint sources 
which add significant pollution to navigable waters identified 
under section 319(a) (l)(A). These lists were required to be 
developed by States by August 4, 1988. Similarly, seetion 305(b) 
re~~ires that water ~Jality impacts from diffuse sources be 
identified. Discharges from storm water point sources.may be 
classified in categories such as urban runoff or construction 
site runoff in these reports. The statutory language of section 
3l9(a) {l) is as follows: 

"The Governor of each State shall, after notice and 
opportunity for public comment, prepare and submit to the 
Administrator for approval, a report which: 
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(A} identifies those navigable waters within the State 
which, without additional action to control nonpoint 
sources of pollution, cannot reasonably be expected to 
attc;in or maintain applicable water quality standards 
or the goals and requirements of the Act; 

(B) identifies those categories and subcategories of 
nonpoint sources or, where appropriate, particular 
nonpoint sources which add significant pollution to 
each portion of the navigable waters identified under 
subparagraph (A) in amounts which contribute to such 
portion not meeting such water quality standards or 
such goals and requirements; 11 

As previously stated, identifiable categories under section 
319(a) (1) (B) may include discharges that are associated. with 
urban runoff, constructiop site runoff, mining runoff, etc. 
(i.e., those categories that are identified in the State 
Nonpoint Source Assessment Reports). After a State's Nonpoint 
Source Assessment Report is approved by the ~egional 
Administrator,; storm water discharges covered by section· 402 (p), 
which •ay be listed in the section 319 assessment that impact 
listed waterbodies, should be considered for designation under 
section 402 (p) (2) (E). 

Example 

The Minnesota Pollution Control Agency lists Ryan Creek in its 
State Nonpoint Source Assessment Report as being impacted solely 
by storm sewers and surface runoff, The Report· also lists 
Shingle creek as being impacted by land development, storm sewers 
and surface runoff. 'Those storm water discharges that contribute 
to the impairment could be considered for designation and 
permitting under section 402 (p) (2) {E). 

c. contribute siqniticant pollutants to any vater).)ody 
seqment listed under section 314(&) (l) (~). 

As required by section 314, each State will conduct a two
part study to determine a lake's condition and develop methods 
and strategies tor restoration and protection. such information 
will specify the location and loading characteristics of 
significant sources polluting the lake. The statutory language 
appears in the following lines: 

''Each State .on a biennial basis shall prepare and submit to 
the Administrator for his approval --

{F) an assessment of the status and trends of water quality 
in lakes in such State, including but not limited to, 
the nature and extent to which the use of lakes is 
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impaired as a result of such pollution, particularly 
with respect to toxic pollution." 

In accordance with s~ction _314(a) (1) (F), States have already 
~ubmitted Lake Water Quality.Assessment Reports. These reports, 
~n many cases, document the lmpact of storm water discharges on 
lakes, and were inc~uded as part of the -state 305(b) Report. 
Where this information is-provided in an Assessment Report that 
has been approved by the Regional Administrator, any storm water 
discharges included in the.sect~on 3~4(a) (l) (F) assessment (such 
as urban runoff, construct~on s:t.te runoff, mining runoff, etc.) 
which impact a given waterbody should be considered for 
designation under section 402(p) (2) (E). 

Example 

In the 1988 Lake Water Quality Assessment Report, the Illinois 
Environmental Protection Agency lists Levings Park Lagoon, 
Winnebago County as being w~ter quality_ limited and partially 
sup~orting of one or more designated uses with moderate 
impairm.ent. The principal source Of impairment has been 
identified as 1UFba,n ru~off. Th~refo:e, dis.charges resulting from 
the urban runof"f that ~mpact the Lev1ngs Park Lagoon could be 
considered for designation under section 402(p) (2) (E). 

2. SIGNI!'ICA.NTLX IMP~CT SENSITIVE WETLANDS, ORINXING W~TER 
SOURCES, ESTUARIES, LAltES, OR NE·AR CO~STAL Al\EAS THAT· ARE 
HIGHLY VALUEP NATURAL.RESOURCES. 

Under section 402(p) (2) (E), the Regional Aciministr,tor or 
state Di.rect.or ,:~nu.st. cietermine whether a storm wat,er discharge 
contributes to a violation of a water. quality standard or is a 
significant contributor of pollutants to waters of the United 
States. Based on such a determination, 402(p) (2) (E) designations 
should be considered for storm water discharges that 
significantly impact certain waters.that warrant special 
consideration such as wetlands, lakes, scenic rivers/streams, 
high quality heaO.waters, estuaries, or coastal regions. such 
waterbodies are often spawning, feeding, and nursery grounds for 
various species, and include sensitive habitats such as mangrove 
marshes, seagrass beds, and coral reefs. Storm water may enhance 
eutrophication of these water bodies, and contribute to an 
overall deterioration' in water quality. BOD loads will generally 
lower the dissolved oxygen (DO} in receiving waters. Petroleum 
hydrocarbon loads in receiving waters may result from storm water 
discharges. Sediment loading from storm water runoff can settle 
to cover spawning habitat or can shade submerged vegetation and 
limit photosynthesis. Lakes and estuaries have long detention 
times and tend to concentrate nutrients, such as phosphorous and 
nitrogen, and other pollutants in the muds and water columns. 
Where such waterbodies are significantly impacted by storm water 
discharges, these discharges should be considered for 
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designation. The Regional Administrator or NPDES stata Directors 
may use the Lake Water Quality Assessment Reports· and other 
available information necessary to prioritize impacted 
waterbodies for discharge designation. 

Example 

The quality and productivity of the Chesapeake. Bay and its 
tributaries have declined due to the impact of human activity 
that has caused increased levels of pollutants, nutrients, and 
toxics in the Bay system and declines in protective land uses, 
such as forested and undeveloped lands~ Shoreline areas of the 
.Bay system are particularly sensitive and susceptible to adverse 
impacts due .to storm water discharges. Where storm water 
discharges, such as urban runoff, construction site runoff, 
mining runoff, etc. , have been determined to represent .a 
significant source of pollutants to a segment of the Bay or a 
particular stream segment of a Bay tributary, the discharge could 
be considered for designation under section 402 (p) (2) (E) . 

3. MtffiiCIPAL S!PAMTI· STORM SEWERs· THAT ARE l\NQWN TO HAVE 
OR S'QSPECTEO QP. HAV1NG PROCESS WA'ST!: oR SANITARY WASTES 
PISCMBG!.p TO 'THEM. 

Studies have shown that many storm sewers contain illicit 
discharges of non-stoi111 water. In some municipalities, illicit 
connections of sanitary, commercial and industrial dis.charges to 
storm sewer system!~ have had a significant i~pact on the water 
quality of receiving waters. · Removal of these discharges 
pres.ents opportunities for improvement in the quality of storm 
water._ciischarg~s. 

Under the proposed storm water permit application 
regulations, municipalities with separate storm sewers serving a 
population over 100,000 must submit a management plan that 
requires screening for illicit discharges and improper disposal. 
Municipal separate storm sewer systems with identified improper 
discharges that significantly impact receiving waters should be 
considered for designation under section 402(p) (2) {E). Once· 
designated, the affected municipality will be responsible for 
submitting a permit application. The permitting authority may 
request the municipality to submit a description of a storm water 
management plan, or any aspect of a management plan that may call 
for monitoring and screening for illicit connections and improper 
discharges. Such plans are to include subsequent measures for 
the removal and elimination of such known discharges. The 
follo•;a:rig examples document cases where such prob-lems existed and 
'-'here improvement in water quality was achieved following the 
elimination of illicit connections. It is important to note that 
the section 402(p) {2) (E) designation authority can be used to 
require NPDES permits for any size municipal separate storm sewer 
system or specific discharges points within the system. This 
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authority may be useful to address municipal separate storm sewer 
~ystems that ~erve populations of less than 100 000 since those 
cities are not required to file applications fo~ st~rm water 
permits before October l, 1992. 

Example 

on~ recent study performed in Ann Arbor, Michigan concluqed that 
illegal ~nd improp~r industrial and commercial point source 
connections to storm drains rep:r:e::;ents a significant source of 
pollutants in sto~ water discharges. Half of the businesses . 
investigated in Ann ~rbor had at least one storm drain connection 
through which potentially hazardous pollutants could enter the 
storm sewer. significant improvement:; in wat!!r quality were 
realized as these conn~ctions were removed and·the flows shifted 
to sanitary sewers. Over two-thirds of auto-related businesses 
such as repair shops, tire stores, service stations and body 
shops, and half o~ the car washes investigated had illegal or 
improper connections to the sto.l;"lll drainage system. Similar 
municipal separate storm water systems sh.ould be considered for 
designation under section 402(p) (2) (E), 

Example 

The City of Fort Worth has begun a surveillance program to curb . 
illeg'l dumping of industrial and domestic waste into the city's 
estimated 200 storm drains that feed'$treams flowing to the 
Trinity River. Over a period of one year, 57 cases of illegal 
waste. d1,11I!ping PY Pl,lsinesses and industries were investigated. 
Eighteen cases of improper connection of domestic sewage lines to 
storm Cirains were discdvered. The city has implemented 
corrective measures and several citations have b~en issued to 
violators. The surveillance e.ffort was initiated, after a series 
of devastating fil!!h kills plagued ~he Trinfty River. Monitoring · 
has shown that diesel fuel, chemical s9lvents, pesticides, raw 
sewage and chlorine are present in sto~ water discharges. 
Similar storm water corrective measures could be required after 
the municipal system is designated under section 402(p) (2) (E) . 

.f.. M!lNXCIPAL S!PAQT! . STORM SE'!fER DISCQRGES TBA'l' Alq SUSPECTED 
Ol coNTAINING A SIGNIFICANT CONTB!BqTIOH 07 PQLLQTANTS, 

The characterization of storm water discharges in terms of 
concentrations and pollutant loads viewed together with water 
quality standards and National Urban Runoff Program (NURP) data 
derived from typical urban runoff characteristics, provides an 
indication o:f whether the discharge is a significant contributor 
of pollutarits. tor in~tahce, the mean concentration is defined 
as the total constituent mass discharge, divided by the total 
runoff volume for a rainfall event. These simplified 
approximations can be used as the basis for designation a~ a 
significant contributor of pollutants. Where such specif~c 
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information is lacking for a particular municipality NURP data 
can .be used. to'· mak7 initi~l. screening estimates of p~llutant 
loads assoc.Lated -wl.th munl.Cl.pal separate storm se-wers. using the 
NURP recommend~tions for load estimates provided in Attachment A 

• . . I 

pollutant ~oadl.ngs can ~e.calcu~ated for a ran~e of pollutant 
concentratJ.ons. As munl.cl.pal dJ.schargers provl.de a more accurate· 
estimate of pollutants based on site specific data and ~he use of 
more sophisticated models, such as the Storm Water Management 
Model (SWMM), pollutant concentrations and loads can be compared 
to NURP and other estimates. Based on the resulting · 
characterizations, discharges from municipal separate storm se-wer 
systems that contain a significant contribution of pollutants can 
be determined and, where appropriate, considered for 402(p)(2) (E) 
designation. 

Procedures for pesignation 

On January 12, 1989 ,· (54 rB 246), EPA published a final rule 
-which codified portions of section 402(p), including section 
4D2(p) (2) (E), into EPA regulation at 40 CFR 122.26(a). In 
addition, on D~cember. 7, 1988 (53 LB 49416), EPA proposed 
revisions to procedures at 40 CFR 124.52 for designating storm 
-water discharges on a case-by-case basis. Until EPA promulgates 
these .regulations, procedures ·for case-by-case designations 
should be modeled aft.er existing regulatory procedures at 40 CFR 
12.4. 52. The l<egional Administrator, -or in States with approved 
NPDES programs, the Director, -will notify the discharger in 
-writing that the discharge is being considered for designation 
and the reasons for the consideration. In addition, an 
application form is to be sent -with the notice. 

Until EPA promulgates specific permit application 
requirements for storm water discharges, operators of storm -water 
discharges considered !or designation under section 402(p) (2) (E) 
should generally submit Form 1 and Form 2C permit applications. 
For designation of discharges from a municipal separate storm 
sewer system, Form l and Form 2C applications for each outfall 
may not be appropriate. ·In this case, the permitting authority 
may request the applicant to submit information modelled after 
the permit application requirements for large and medium 
municipal separate storm sewer syst-ems proposed in the December 
7, 1988, notice. 

Deadlines for submitting permit applications will be 
established on a case-by-case basis. Although a 60-day period 
from the date of notice for submitting a permit application may 
be ~ppropriate tor many designated stor:m water discharges, site 
s~ecific factors may dictate that the Regional Administrator or 
NPDES State provide additional time for submitting a pe~it 
application. For example, due to the complexities assoc.Lated 
with designation of a municipal separate storm sewer system for a 
system- or jurisdiction-wide permit, the Regional Administrator 
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or NPDES stat~ may provide the applicant with additional time to 
submit relevant information or may require that information be 
submitted in phases . 

.Attachment B contains example reports fro:m the "Waterbody 
system," wh.i,ch is an intormation systeJil which retains the results 
of the section JOS(b) repqrts. ~he J05(b) reporting process is a 
critical sourc~ of information for ma~ing determinations \lnder 
the authority of section 4Q2(p)(2)(E). The qata system is now 
only partially i111.plemented, but beginning with the 1990'305(b) 
reporting cycle should contain the assessment data for all 
states. 

Regional Offices and States can use data from the 305(b) 
waterbody system, the 1988 Lake Water Quality Assessment Report, 
and other available information characterizing st·c rm water 
discharges to Jllake determinations under the authority of section 
402(p) (2) (E). The permitting procedures should commence as soon 
as the impact froll1 storm water discharges is recognized. In 
addition, when industrial permits that regulate only non-storm 
water dischal!'ges expire, they should be evaluated to determine 
whether storll1 water discharges need to be addressed. 

If you have any questions regarding this matter, please 
contact cynthia DoUgherty at FTS/202 475-9545 or have your staff 
contact Mike Mitchell at FTS/202 475-7057. 

Attachments 

cc: LaJuana s. Wilcher 
Robert H. wayland III 
Martha Prothro 
TUdor Davies 
Dave Davis 
Geoff Grubbs 
NPS coordinators 



, .,.. E·AaA· 0 r"\ 

United States 
Envirori]'rientaL Protection 
A~ency 

Office. of Environmental 
liiformaticin 
Washington, DC 20460 

EPA/240/B-01 /003 
March 2001 

EPA --Req-uirements for Quality 
Assurance Project Pla-ns 

EPA.QA/R-5 





) 
/ 

/ 

------ ····--·--·· ·····--· ·-· .. ········· ··•·· -·- . 

FOREWORD 

The U.S. Environmental Protection Agency (EPA) has deve1oped the Quality Assurance 
Project Plan (QA Project Plan) as a tool for project managers and planners to document the type 
and quality of data needed for environmental decisions and to describe the methods for collecting 
and assessing those data. The development, review, approval, and implementation of the QA 
Project Plan is part of EPA's mandatory Quality System. The EPA Quality System requires all 
organizations to develop and operate management structures and processes to ensure that data 

·used in Agenqy deci~ioiis are of the type and quality needed for their hltended use .. The QA 
Project :Plan is an integral part of the fundam~ntal principles and practices that fonn the 
foundation ofthe EPA Quality System. 

This document,provides the QA Project Plantequirements for organizations that conduct 
environmental data operations on behalf of EPA through contracts, [Inandar assistance 
agr~ements, and interagencyagreeiJ:lents; however, itin~y be used by EPA as well. It contains the 
same requfrements as ChE~:pter 5 OfEBAOrder 5360 AI (EPA 2000), The EPA Quality ¥a11:ual 

.· for Environmental Programs, vyhich has been developed for internal use by $PA organ~at[ons. 
A companion document,EP A Guidance for Quality Assurance Project P la~s (QAIG:5)(EP A 
1998) provides suggestions for both EPA and ~ou~ EPA organizations on preparing; reviewing, 
l:lild intplen:lenting QA Project Plans that satisfy the requirements defined in this document. 

This document is on~ ofth~.EPA Quality System Series documents which describe EPA 
policies and procedures for planning, impl¢menting, and assessing the effectiveness ofa quality 
system. Questions regarding this docurn.ent or other EPA Quality System Series documents · 
should pe directed to: · 

U.S. EPA 
Quality Staff (2811R) 
Washington, DC 20460 
:?,hone: (202) 564-6830 
FAX: (202) 565-2441 
e-mail: qu~lity@epa.gov 

Copies of Quality System Series documents may be obtained from the Quality Sta,ff or by 
downloading them from the Quality Staff Home Page: 

www .epa.gov I quality 
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CHAPTERl 

INTRODUCTION 

1.1 BACKGROUND 

Enviromnental programs conducted by or funded by the U.S. Environmental Protection 
Agency (EPA) involve many diverse activities that address complex environmenta:l issues. The 
EPA annually spends several hUI).dred million dollars in the collection of environmental data for 
sCientific research and regulatory .decisio:r1 making. In addition, non-EPA organizations may 
spend as much as an order of magnitude more. each year to respond to Agency r~quirements. If 
decision mak,ers {E.P A and otherwise) are to have confidence in the quality of environmental data 
usecLto support tbeir decisions, there must be a strucniredprocess for quality in place. 

A structured system that describes the policies and procedures for ensuring that work 
proResses, products, or services satisfy st11;(ed expectations or spe,cifications is called a quality 
system. All org;anizations conducting_enviroinnentaJprograrns funded by EPA aie required to 
establish a_nd implement a quality s.ystem, E::PA also requires that all environmental data_ used in 
de.dsion·m~g he supported by an approyei:l Quality Assurm:we Project :PlatJ- (QAProject Plan). 
Thisreql!iremeJ?-tis?efined in EPA br~er ~3t)OJ A.2(EPA 2000)·; Policy and Program. 
Requirements for the Mandato7y Agency-wide Quality System,:for EPA organjzations .. Non-EPA 
organizations funded by EPA are req~ired to develop a QA Project Plan through: 

48 CFR 46, for contractors; 

40 CFR 30, 31, and 35 for assistance agreement recipients; and 

other mechanisms, such·as consent agreements in enforcement actions. 

The QA Project Plan integrates all technical and quality aspects ofa project, including 
planning, impleme1'ltation, and assessment. The purpose of the QA Project Plan is t6 document 
planning results for environmental data operations and to provide a project-specific "blueprint" 
·for obtaining the type and quality of enviromnental data needed for a specific decision or use. The 
QA Project Plan documents how quality assurance (QA) and quality control (QC) are applied to 
an environmental data operation to assure that the results obtained are ofthe type and quality 
needed and expected. 

The ultimate success of ~n environmental program or project depends on the quality ofthe 
environmental data collected and used in decision-making, and this may depend significantly on 
the adequacy of the QA Project Plan arid its effective implementation. Stakeholders (i.e., the data 
users, data producers, decision makers,. etc.) shall be involved -in the planningprocess .for a ·· 
prograJU or project to ensure that their needs are defined adequately and addressed. While time 
spent on such planning may seem unproductive and costly, the penalty for ineffective planning 
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includes greater cost and lost time. Therefore, EPA requires that a systematic planning process be 
used to plan all environmental data operations. To support this requirement, EPA has developed 
a process called the Data Quality Objectives (DQO) Process. The DQO Process is the Agency's 
preferred planning process and 'is described in the Guidance for the Data Quality Objectives 
Process (QA/G-4) (EPA 2000b ). The QA Project Plan documents the outputs from systematic 
planning. 

This requirements document presents specifications and instructions for the information 
that must be contained in a QA Project Plan for environmental data op(:lrations funded by EPA. 
The document also discusses the procedures for review, approval, implementation, and revision of 
QA Project Plans. Usyrs ofthis document should assume that all of the elements described herein 
are required in a QA Project Plan unless otherwise directed by EPA. 

1.2 QA PROJECT PLANS, THE EPA QUALITY SYSTEM, AND ANSIIASQC 
E4-1994 

EPA Order 5360.1 A2 and the applicable Federal regulations (defined above) establish a 
mandatory Quality System that appli~s to. all EPA organizations and organizations funded by 
EPA. Components Qf the EPA Quality System are illustrated hi Figure 1. Orgahif:atiqns must 
ensure that data collected for the characterization of environinental proqesses and' conditions are 
of the appropriate type and quality for their intended use and that ehvironirtental te~hnologies are 
designed, cons~ructed, and operated according to defmed expectations. The QA Project Plan is a 
key project-level component ofthe EPA Quality System. · 

EPA policy is based on the national consensus standard, ANSI/ASQC E4-1994, 
Specifications and GUidelinesfor'Env'ironmental Data Collection and Environmental 
Technology ProgMrns. The ANSVASQC E4-1994 standard describes the neQessarymanagement 
and technical elemerits 'for. aevelqpirig and iinplementing a quality ;sysfefu .. Tliis .standard 
recommends using a tiered approach to a quality system.. This standard recommends frrst 
docmnenting_ each organization-wide quality system ih a Quality Management Plan or Quality 
Manual (to a:d.dress requirel:ne1its of Part A: Manage1nent Syste1ns ofthe standard) and then 
documenting the applicability of the quality system to teclmical activity-specific ~£forts in a QA 
Project Plan or similar document (to address the requirements of Part B: Collection and 
Evaluation of Environmental Data ofthe standard). EPA has adopted this tiered approach for its 
mandatory Agency-wide Quality System. This document addresses Part B requirements of the 
standard. 

A Quality Management Plan, or equivalent Quality Manual, documents how an 
organization structures its quality system, defmes and assigns QA and QC responsibilities, and 
describes the processes and procedures used to plan, implement, atld assess the effectiveness of 
·the quality system. The·Quality Management Plan may be viewed as th~ "umbrella" doeument . 
under which individual projects are conducted. EPA requirements for Quality Management Plans 
are defined in EPA Requirements for Quality Management Plans. (QA/R-2) (EPA2001). The 
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Quality Management Plan is then supported-by proj~ct-specific QA P.roject Plans. In some cases, 
a QA Project Plan and a Quality Management Plan may be combined into a single document that 
contains both organizational and proj.ect-speoific elements. The QA Manager for the EPA 
organization sponsoring the work has the autW)dty to determine when a single document is 
applicable and will define the content requirements of such a document. 

1.3 THE GRADED APPROACH AND THE EPA QUALITY SYSTEM 
~ 

Recognizing that a "one size fits all" approach to quality requirements will not work in 
organizations as diverse as EPA, implementation 0f the EPA Quality System is based on the 
principle of graded approach. Applying a graded approach means that quality systems for 
different organizati0ns and programs will vary according to the specific objectives and needs of 
the organization. For example, the quality expectations of a fundamental research program are 
different from' that of a regulatory compliance program because the purpose or intended use of the 
data is different. The specific application of the graded approach principle to QA Project Plans is 
described in Section 2.4.2. 

1.4 INTENDED AUDIENCE 

This document specifies the requirements for developing QA Project Plans for 
organizations that conduct environmental data operations funded by EPA through contracts, 
fmancial assistance agreement$, and interagency agreements. EPA organizations may also use this 
docum<1nt to develop QA Project Plans since this doqument is clearer and more .. user-frien,dlythan 
the equivalent requirements defined in Section 5.3 ofEPA Order 5360 Al (EPA.2000), The EPA 
Quality Manual for Environmental Programs (an int~rnal policy document). However, the 
preparation, submission, review, and approval requirements for EPA organizations are still 
contained in Section 5.2 ofEPA Order 5360 Alas these represent internal EPA policy. 

1.5 PERIOD OF APPLICABU,ITY 

This document shall be valid for a period of up to five years from the official date of 
publication. After five years, it shall either be reissued without change, revised, or withdrawn 
from the EPA Quality System. 

1.6 ADDITIONAL RESOURCES 

Guidance on preparing QA Project Plans may be found in a companion document, EPA 
Guidance for Quality Assurance Project Plans (QA/G-5) (EPA 1998). This guidance discllsses 
the application of the QA Project Plat1 requirements and provides examples. Other documents 
that provide guidance on activities critica1 to successful environmental data operations and 
complement the QA Project Plan preparation effort include: 
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Guidance for the Data.QualityObjectives Process.(QA/G-4); (EPA 2000b;) 
· • Guidance for .the Preparation ofStandard Operating Procedures for Quality

Related Docwnents (QAIG-6), (EPA 1995) 
Guidance for'i)ata Quctlify Assessmen( PractiCal Methods for.Dctta Analysis· 
(QA/G-9), (EPA 2000a) 

1. 7. SUPERSESSION 

This document rep_ laces QAMS-005/80, Interim Guidelines and Specifications for 
Preparing Quality Assurance Project Plans.(EP.A 1980) in its entirety. 
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CRAPTER2 

QA PROJECT PLAN REQUIREMENTS 

2.1 POLICY 

All work funded qy EPA that involves the acquisition of environmental data generated 
from direct measurement. activities, collected from other sources, or compiled from computerized 
data bases and inforrriation systems shall be irl1p1e,mented in accordance with an appwved QA 
PrdjectPli:m. The QAProjectP:lan willhe developedusinga ~ystematic plal1llingptocess based 
on the gtadedappmach. No work coveredby thisrequirementshall be implemented without an 
approvea QAProj ect Plan available prior to the~star.t ofthe work except under circumstanc~s 
r~quiring i11lmediate action to protecthuinan health and the environment or openitions conducted· 
·under police powers. · · · 

2.2 PURPOSE 

The QA Project Plan docume11ts the planning;·irn,pleJnentation, andas.sessmelit proceqwes 
pf, a11di1qJ,r ipecific QA and QC adivi~ies will be applied du):fug a particular prokct. 'me QA 

. Project Plan demonstrates gonformance to Part~ requirem'ents of ANSI!ASQ9 E4'-1994 .. 

2.3 APPLIC~ILITY 

Thes,e requirem~nts. apply to all enyironinental prqgrarhs fur;tdedby EPA ~pa,tacquire, 
gener~te~ or coJ:npile.enyiro.riin¢ntalqataincl~ding work.perfol}Ue.ci thr:ougl:J. contrac~s~·work 
assigrffile!llS, ~~livery ordets.; ta* ord~rs, ·co()p~rative agree!Tienfs; i~tefagejlcy·aif&e!llents., State
E~~ :~greell1~rit,s., St~te, local· a!ld Tribalfinar).ci~f Assistance/dr~hts, Research qr~rtts; awl in 

... · respb:riseto'•stafiitory of regulatory reqrtkeii&~rits 'and corlsenragreements:' These·~equtreriients are 
negotiated'into.interagency agn:e111ents, includingisub-agreements, and, in 'some cases,.ate 
indudedin enforcement settlermmt and consent agreements and orders. Whe~e spedfic F~deral 
regulations require the application ofQA'and QCactivities (~ee Section 1.1), QAPrcijectPlans 
shall be prepared, reviewed, and approved in accordance.with the specifications .contained in this 
docum~nt unless explicitly supersededbytheregulation. · · 

2.4 GENERAL CONTENT AND J)ETAIL REQUIREMENTS 

2.4.1 General Content 

The QA Project Plan must be composed of standardized, recognizable elements covering 
the entire project fro1i1 plarinmg, through nnpieriieritatiol1, to assessment. Chapter 3 ofthis
·doeument_:describes-speeifie-elements-to -address -for-QA .P.roj eet-P-lans submitte.d-to -EPA -In-some 
cases, it may be necessary to add special requirements to the QA Project Plan .. The EPA 
organization sponsoring the work has the authority to de:6ne.any special requirements beyond 
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those, listed in this document. lfno additional requirements are specified, the QA Project Plan 
shall address all required elements. Each EPA organization defines their.organizational-specific 
requirements for QA Project Plan documentation in their Quality Management Plan. All 
applicable elements defined by the EPA organization sponsoring the work must be addressed. 

While most QA Project Plans will describe project- or task-specific activities, there may be 
occasions when a generic QA Project Planm.ay be more appropriate. A generic QA Project Plan 
addtesses the general, common .activities of a program that are to be conducted at multiple 
locations or over a long period' of tini.e; for example, it may be useful for a large monitol'ing 
program that uses the same methodology at different locations. A gt;Jneric QAProject Plan 
describes, in a single document, tl1e itif6r.tr1:ation that is not site or time-specific;. but applies 
throtlghout the program. Application-specific information is then added to the approved QA 
Project Plan as that information becomes known or completely defined. A generic,QA Project 
Pl~n shall be reviewed periodically to ensure that its content continues to be valid and applicable 
to the program over time. 

2.4.2 · Level of Detail 

The level of detail of the QA Project Plan should be based on a. graded.appro'ach -so that 
the level of detail in each QA Pi'oject Plan will vary according to the nature of the work beiJ.?.g 
performed and the intended use of the data. As a result, an acceptable QA Project Plart for some 
enviromnental data operations may require a qualitative discussion of the experimental process 
and its objectives while others may require extensive documentation to adequately describe a 
complex envir01p.nental program. · 

2.5 QA PROJECT ;t>LAN PREPARATION AND APPROVAL 

The QA Ptojeqt Plan may be prepared by an EPA organization, a contractor, ah assistance 
agreement holder, or another Federal agency under an interagency agr.eement. Except where 
specifically-delegated in the Quality Management Plan ofthe EPA organization sponsoring the 
work, all QA Project Plans prepared by non-EPA organizations must be approved by EPA before 
implementation. 

The QA Project Plan shall be reviewed and approved by an authorized EPA reviewer to 
ensure that the QA Project Plan contains the appropriate content and level Of detail. The 
authorized reviewer, for example the EPA project manager1 .with the assistance and approval of 
·the EPA QA Manager or by the EPA QA Manager a:Ione, are defined by the EPA organization's 
Quality Management Plan. In some cases, the authority to review and approve QA Project Plans 
is delegated to another part .of the EPA or~anization covered by the same Quality Management 

1 This term refers to the EPA official responsible for the project. This individual may also be called Project Officer, 
Delivery Order Project Officer, Work Assignment Manager, or Principal Investigator. 
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:Plan. In cases where the authority to. review and approve QA Project Plans is delegated in writing 
by EPA to another organization o.e.; a Federal agency or 'a state under an EPA-approved Quality 
Management Plan when the environmental data operation itself has been delegated to that · 
organization for implementation), 'it is possible that the EPA project manager and.EPAQA ··.·· 
Manager may not be involved in the reviewand approval steps. 

2.6 · QA PROJECT PLAN IMPLEME;NTATION 

Nohe of the environmental w01x a~dressed by tpe QA Project Plan shall be started ~ntil 
the QA Project Pl~n has been appro~ed m.ld ~istrtbuted to ;project.persqnnel except in situations 
requiring immediate action to protecthwnan health and the environment or operations' conducted 
under' po~iCe powers. Subject to these exc~ptiOIJ.S;. it isthe.responsibi1ity of the· organization 
perfonningJhe work to assure that no enyironm~ntat data. are. generate4 or acquired befote the 
QA ProjectPlan<is approved and receiveilbyJh~ appropriate project,personnel. However, EPA 
~ay grant conditional approval.tb a Ql;.:ProjectPHiri to pei::mit som~ work to begin 'while nen
criHcaldeficiencies inJhe QAProjectPlan are being resolved. · 

. ':. ,y--'" ' '· ' . ~" 

. . The,organiZation performing the -work shall: e:risffre th~t the QA Projest Plan is . 
iuiplem~nt~d as ;;tpproved and tliat .. an Per~onne.i ;illyolve4 in th~ JVOrkhaye clired apqess to .• ~ . 
current'version 6tthe QA Project Plan ~b,clall other>necessary :planning, illlple1Uentition,. and 
. as~ssrrient dpctrnients. These personnel sficnilci<u:nderstaiid the ·requir~ments prior tO tHe start of 
data generation activities. ' . ' ' 

2.7- . , QA. PRO.JECTPLAN REVISION'; 

Aith_ol}gh theapproyed QAProjeqtPlanmust })e i111plem~nted as prescribed; it is riot 
illflexiol~~. J?eca~se of the compl~x ag? di~~rse na~r~ of environmental :4ataoper51#9n$,cJianges 
to 6rigill<ilpHins are often needed: Wlien sucli'cfiangd'ocolir, the approving ·official sli:3;1f 

·. determineifthe change significantly irnpactsth~technic<tl and quality.0bj~ctives oftheproject. 
/ Wh!:m a su]Jstantive chE~;ngeis warranted, the originator ofthe QA Project Plan shall modify the 

QAProje6t'Plali ,to document the charige arid sribuiifthe revisic::ni for ~ppr6val by the same 
authorities that performed the original review. Only after the revision,has beenreceived and 
approved (at least verbally with written follow-up) by project personnel, shall the 9hange be 
implemented. 

For programs or projects of long duration, such as multi-year monitoring programs or 
projects using a generic QAProject Plan, the QA Project Plans shall be reviewed at Jeast annually 
by the EPA Project Manager (or authorized representative). When revisions are necessary, the 
QA Project Plan must be revised and resubmitted for review and approval. . 
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·cRAPTER3 

QA"PROJECT PLAN ELEMENTS . 

3.1 CONTENT REQUIREMENTS 

The QA Project Plan is a formal document describing in comprehensive detail the 
necessary QA, QC, and other technical activities that must be implement~dto ensure that the. 
results of the work performed will satisfy the stated,performance criteria, The QA Project Plan 
mustprovic1e sufficient· detail. to de"ri:mnstrateJhat: 

the project technical a:ndquality objectives are identified and agreed upon; 

the intended measureinents, data gener:C~.tion, or data acquisition methods ~re 
appropriate for achieving project objectives; ' ' 

assessment.ptocedl1r~s ~ry sufficient for. confirmirig t11~t data ofthe' type anEl· 
quality neeaed and expected are ol;ltajrted; and ' ' .. ' 
. ' ·.· . ' ' ., ·, ' 

any limitC~.tions o'u }ht lise oftl}e data can be.iqentified anddocumented. 

Mostenvironmental data operations require the coordinated efforts of1na11y individuals, inCluding 
manag~:rs, engip.eers, sqieritists, .statistici~ns, and others, The QA ProjecfPlari rriustintegr~~e the 
·contributions .and requirements of eyezyohe involved into a clear, concis.er,staJemeril<;>(Whl:lfis to . 
be accomplished, how it;willbe done: ;illd by whom. It must proyide U11der$ta11dab1e~InstJ_;u¢tions . 

.. .......... ~ .. :: :· .. :;:. . ·'· .· '\. ,·----.. <:~-'\': .. ,. ·:t:. .. ·. . '··· . .~· .· .. ·: ... ·:·J/·'•, :-:_;.._ .. ·(·:',~,;_)· .. ·.·._.':· .. :._,. ..... ·::::' :'.'-,.·,. -:· 
to t~dse who must implement the Qf\ProJectPl~, such. 3:s .the tiel~ sa:rp:plingteatp.,J4e .an~lytical 
labor~tory,modelers,andthedata.·~e~i2~ers: In all aspects oftl:le QA Pro]ect.:Plari~'theuseof 

. riatioiial cO:nsenslis sta:iidatds ahd pfactlce:S are ,encouraged: •c cc·-

In order to be effective, the QA Project Plan.must specify the level or d~gree ofQA and 
QC activities needed for the partiCular envirom11ental data operations. Because this will vary 
according to the purpose and t)rpe of )VOrk berng done, EPA believes that the graded approach 
should be used in planning the work. ·This means that the QA and QC activities: appliec1 to a 
project will be commensurate with: 

EPA QA/R-5 

the purpose ofthe environmental data operation (e.g., enforcement, research and 
development, rulemaking), · 

thetype of work to be done. (e.g., pollutant monitoriilg, site characterization, risk 
characterization, bench 1(welproof of concept experiments), and 

the intended use of the results (e.g., compliance determination, selection of 
remedial technology, development of environmental regulation). 
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The QA Project Plan shall be composed of standardized, recognizable elements covering 
the entire project :fi·om planni11,g, through implementation, to assessment.· These elements are 
presented in that order and have been arra11ged for convenience into four general groups. The 
four groups of elements and their intent are summarized as follmws: 

A Project Management~ The elements in this group addr~ss the basic area of project 
management, including the project history and objectives, r91es and responsibilities 
of the participants, etc, These elements ensure that the project has a defined goal, 
that the partidpants underst~nd the goal and the approach to be' used, and that the 
plmi.ning outputs have been documented. 

B Data CJeneration and Acquisition ~ The elements in this group address all aspects 
of project design and implementation. Implementation· of these elements ensure 
that appropriate methods for sampling, measurement and ::tn~lysis, data collection 
or generation, data handling, and QC activities are employed and are properly 
documented. 

C Assessment and Ovei·sight ~ The elements in this group address the activities for 
assessin_gthe effectiveness of the implementation of the proje9taJ1d associated QA 
and QC activities. The purpose of assessment is to etisute that the QA Project 
Plan is implemented. as prescribed. 

D Data.Va1idatiofl and Usability~ The elett).ents.in this grqupaddress the.QA 
actiVities 'that ocbur after the data collection or generation phase of.the project is 
compl~ted. Implenientation of these elements el1sures.that the data conform to the 
speCi:fied criteria, tlius achieving the ptojecU)bjeotives. · 

All applicable elements, ihch.i.ditfgthe 2ontentand level of detail under each elemei1t; 
defined by the EPA organization sponsoring the work must be addressed in the QA Project Pian: 
If an element is not f;lpplicable, state this in the Q,A Project Plan. J;i.>ocumentation, such as an 
approved Work :Plal)., Standard Operating :Procedures, etc., may be refei'eficed 'in response to a 
particular required QA Project Plan elenient to reduce the size of the QA Project Plan. Cunent 
versiot~s of allteferenced documents must be attached to the QA Project Plan itself oi' be placed 
on file with the appropriate EPA office and available for routine referen~it1g when needed. The 
QA Project Plan shall also address related QA plamiing documentation (e.g., Quality Management 
Plans) fi·om suppliers of services critical to the technical and qmi.lity objectives. of the project or 
task. · 

3.2 GROUP A: PROJECT MANAGEMENT 

The ·elements -in thi.s: group-(Table 1) addres~ project management, including project 
history and objectives, roles and responsibilities of the participants, etc. These eleinents document 
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that the pr6j ecthas. a de fiRed goal, that the participants wderstand the, go~} and the approach to 
' be used, and thatthe planning outputs have been documented. . 

Table 1 .. Group A: Proje~t Management Elements 

Al Title and Approval Sheet 

·Table of Contents · 

A3" T)jstribution List 

A4 , Project!fas}( Organization 

AS 
·'' ' 

·Problem.Defmition/Background .. 
'' . . . ' . . .. 

A6 . Project/TaskDescr1ptio~1 

. A7 
. .··. ,. 

. \ 
~ ' ~ 

.• A8 
. .. . -'· ·, . ..... : .. 

- .. Documents and Records 
-.. · . 

-.. ·:-.. 

'·' 

3.2~1 Al ~_Title and Approval Sheet 

Ori·the Title. and Approval Sheet, irich:tde the .. title of the plaiJ., the name ofJhe 
qrgapization(s) ilnplemehtillgt)le:.ptoject,t:b,e:.eff~ctive da,te ofthe p)an, and_the'name~, titLes, 
sigu~tures, and approvaldates ofapj:)fopriate approving officiak Approving official~ may 

·inchide: ·. · · · · · · · ·.. ' 

Organization's Project Manager 
6rgapizatimi's.·QA.Manager 
EPAProje~t Manager 
EPA QA Mana,ger 
Others, as needed (e.g., field operations manager, laboratory managers, 
State and other Federal agency officials) · 

3.2.2 A2 - Table of Contents 

Provide a table of contents for the document, including sections, figures, tables, 
referencis,. and.appe!].diCes .. Apply .a docliJnent control fonnat (Fjgure.2) on each page .following 
the Title and Approval Sheet when required by the EPA Project Manager and QA Manage~. 
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Sectjon No. ---
Revision N6. 
Date·=··. ·;__;-,;c;.-='-'---'-"-

Page_of_ 

Figure 2. Example Document Control Format 

3.2.3 A3 - Distribution List 

List the individuals and their orgatlizations who need copies of the approved QA Project 
Plan and any subsequent revisions, including all persons responsible for implementation (e.g., 
project managers), the QA managexs, and representatives of all groups involved. Paper copies 
need not be provided to individuals if equivalent electronic iriformation systems can be used. 

3.2.4 A4 - Project/Task Organization 
. ' 

. Identify the individuals or.o:rgariizat~ons partic,ipating in the project and discuss their 
specific roles and responsibilities. Include the principal (lata users, the·decision maker:;;, the 
project QA manager, and all personSresponsibl~ :for implementation. The proJect quality 
assurance manager must be independent oftlie unit generating the data. (This does not ·include 
being independent of senior officials, such as corporate managers or agency administrators, who 
are nominally, but not functionally, involved in data generation, data use, ot deCision 1haking.) 
Identify the individual responsible for mai11taining the official, approved QA Project Pian. 

Provide a concise organization chatt showing the relation_ships a~d the lines of 
communication among all projectpart.iciipants. Include other data users yvho are outside ofthe 
organization generating the data, but for w;hom the data are nevertheless hltended. The 
orgai1ization dhait must also identify any subcontractor relationships relevant to enviromnental 
data operations, including laboratories providing analytical services. 

3.2.5 AS - Problem Definition/Background 

State the specific problem to be solved, decision to be made, or outcome to be achieved. 
Include sufficient background information to provide a historical, scientific, and regulatory 
perspective for this particular project. 

3.2.6 A6 - Project/Task Desc:r:iption 

Provide a summary of all work to ?e performed, products to be produped, and the 
schedule for in1plementation. Provide maps or tables that show or state the geographic locations 
offi"tHd tasks. This· discussion need -not·bden~hy-or overly detailed, b.ut·should give an overall 
picture ofhow the project will resolve the problem or question described in A5. 
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•.'-··. 

3.2~7 A7- Quality Objectives and(;ritefia 

. . 

Discuss the qua:lity objectives for the project and the performance criteria to achieve those 
.. -·objectives. EPArequiresthe use .of a systematiC planning #rocess to defme these qualitY . 

objeCtives and perfO:rmance criteria. · 

· 3.2.8 AS - Special Training/Certification 

Identify and describe-any specialized training or certificatiqns_needed by.personnel in order 
tq successfully complete:theproject or task. Discuss how such training will be provide4 and how 

. the necessary skills will he assured and documented. .. 

3.7~9 A9 - Docri113ents and·:Records 

Despribe the process' and responsipilities for ensuring the appropriate project personn.el 
have the most current approved version ofthe QA Project Plan, including version· control, 
updates, distribution, a~d>dispdsiti6n~ . . . . . .-~-

. :1' .· ... _.·.· .--~·.-~·-.··.· · ... ,_.. .• ' . ' '·. ··: . ' ,. ·_,,/ ' > .. -:--~ .' ~ 
. . Itemi~e thein.fol11l~tio11 a11dsecords which mu~t b~ .i119!,11ded ·Pl tl,le daJa repqr:t p<fc\<agr 

· ~ndsped{y therepprtifi~fop~~t forhard,copyand anyelectr9.D.lc fon11s. ~ecor4~pani!lc~u,Clexaw . 
data, data fronr'other sour~es"su.ch as data bases or literafilte, field1qg~, ~ample plepar~t!bh'-and 
ana):ysis logs, ·in~trumenfprin.touts, moael input and output iile~., and-results of ca:lil:n:atkni~ndQC 

) checks. · · · · · · · 
/ 

.. . Id,e]ltify any. other re~ords. !1nd documents applic~ble t6 the,.~nDject tha{ will·pe,p~o:dliped, 
suc.I;t a_s a~gitrepory~, irite,filn;prOgress reports,· an(! finc:+lrePP~~; Spedzy th~"J¢yei,,o:f'~etat1-ofthe 
field: ~amp ling, )a~ oratory ii~.~lysis, literature or· data ba~y :~#a,c~11ect1~n; or¢gc1~Img d,cictiments 
ot records needed to provide0a'\;offip1e1e tle:S¢ription of:a'D.y difficulties ·entotint~rea:;;_ .. · · ·· ' ·_ , 

· Specify orreference .all applicable requirements for the final dispositio11 ofrecqrds and· 
docunients, incl:udin:glocatiori ahd length ofretention period. ·.. ·. . .· . 

. . ' 

3.3 GROUP B: DATA GENERATION AND ACQUISITION 

The elements in this group (I' able 2) address all aspects of data generation and acquisition 
to ensure that appropriate methods for sampling; measurement and analysis, data collectiortor 
generation, data handling, ai).d QC a,ctivities •are employed and documented. The following QA 
Project Plan elements describe the-r.equirements related to the actual methods or methodology to 
be used for the: 

collection, handling, and anaiysis ef samples; 
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data obtained from other sources Ge.g., contained in a computer data base from 
previous sampling activities, compiled fi·om surveys, taken from the literature); and 

the management (Le., compiling, handling) of the data. 

The methods described in these elements should have been summarized earlier in element A6. The 
purpose here is to provide detailed hiformation on the methods. Iftlre desigilated methQd$ are 
well documented and are readily available to an project participants, citations are adequate; 
otherwise, detailed copies ofthe-methods and/or SOPs must aocompany the QA Pl'oject Plan 
either in the text or as attachments. 

Table 2. Group B: Data Generation and 
Acquisition Elements 

Bl Sampling :Pro_oess Desigri (Experimental Design) 

B2 Sampling Methods 

B3 Sam12le Bi:tn4lipg and gustody 

B4 __ Analytical ,Metho~s 
,, . 

135 Quality CoQttol · ·. . 
.B6 Instrmnent/Equipment Testing, Inspection, and Maintenance 

B7 Instrt11nep,t/Eqtiipll1ent Calipration and Frequency 

:i38 Inspection!Acc~pt~ricfi of Supplies and Consumable~ 
., . ··.· .... '\, ... ,., .. ·' -'·' ... ;"'- - -,.· ' " 

·' 

B9 Non-'difect Meastirerifertts 

BlO Data Managenwnt 

3.3.1 Bl- Sampling Process Design (ExperimentalDesign) 

Describe the experimental data generation or data collection design for the project, 
including as appropriate: 

the types mid numbers of samples required, 
the design of the sampling network, 
the sampling locatiot1s and fi•equencies, 

~ sample-matrices, . 

EPA QA/R-5 
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the rationale for the design. 
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·--·' 

.3.3.2 B2 -Sampling Methods 

Describethe procedures for collecting samples and identify the sampling methods and 
equipment, including any implementation reqtri.rements; sample preservatiori.requirenients, 
decontamination procedures, and materials needed for projects involving physical sampling. 
\\There appropriate, identify samplingmethodsj:)ynumber, date, and regulatorycitation. Ifa 
method allo~s the user to select from various options, .thenthe method citations should state 
exactly which options are being selected~· pescribespefific perfonnance requirements for the 
method. For each sampling method, ident!:fYanysuppo:rt :facilities needed. The discussion should 
also address what to do when a failttre, iii:tlie sai:Ilplingo:rmeaimrement system occurs,'who is 

. responsible for c,oriective action, and h0wth~ ef[ecti:Veness of the ccirreqtive action shall be 
· determined ·and documented. · · · · · · 

.' . ' .. 

. . . De$cribe .the process for the preparatio~ :~d de6Qntamination ofsamp'ling equipmeE.t, 
ilicluding.the disposal ofdecont~un.inatiortby~prqducts;tlie.selection and preparation ofsample 

·containers, sample volumes, andp~eservation·iri·~!ho~s; and maxm1um holding times to sample 
ex:traction and/oranalysis. · ·. . . · ·' .· · '<< s ·· ·.. ··.···· · · · .· ··· ·· · 

3.3.3 . B~ -.Samp!e H~ndling and Cust()'dy<, 

<B~sciibe the requirements for sa111pl~ l).i{ndlirig and .cu~tqdy in the field, laboratory; and 
.transport, takrnginto ac<;~mnt the miture of:th~ 's~mpies1the·rnaxmmm aiiovvablesamp1e\hoi4ing 
·tim.es befor~·¢xtraqtion or analysis, ~mcr#Y~~Ja.b~e sNpJ)ing9ptions aiiCi.~c4e4ui~sforpxoJects · 
in,yo}ving~·phy~J.cai samplirig. · Sample hari(JJmg ifi¢hid~s packa~ing, shipp1e11t :ffo~n;the site, :ana 
storagy ·att)Je :l~ooratory. Examples. of samplyJ~}els, custody forms, and sample.custoqy :logs 
shoulcl be.rnCll.lded. . . .... . .. .. ' . . . . ·~.. ·· . 

. . · :_..· : .. · . 

' 3~304· .. · '84 L A:nilytiCaJ Methods . 

. I4entify th~ analytical methods and eq11ipiT1ent required, jncluding sub-s51IT1Pling or . 
eXtract1.6ri" methods, laboratory ·aec6ritamiriatis)h'•procedures'aitd materials (such as ill''the case of 
haz?-r4ous or radioactive samples), wast~ disposal requ#ements (if any), and ally specific 
performance requirements for the n1eth6d. Where appropriate, ana]ytical methOds m!'J.Y be 
identified by number, date, and t;eguHitory citation.·· Address-what to c1o whenafaihrre in the 
analYtical s,ystem occurs, who is responsible :fdr con:ective action, and how the effect!veness of the 
corrective action shall be determined and documented .. Specify the laboratory turnaround time 
needed, if important to the project schedule. · · 

List ~ny method perfonnance st~ndards~. If a method ~llows the. user to select from 
variou~ options, the~ the method. Citations 'should state exactly which opt!oris are 1Jdlig 'selected; 
-For-nem-standard-method.applications,-such·as-fer-unusual--sample-matrices-and-situations, 
a:Ppropriate method perfonnance study information is needed to confirm the performance of the 
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method for the particular matrix. If previous performance studies are 11ot available, they must be 
develbped during the project and included as part of the project n~sults. --

I . I • 

3.3.5 135 - Quality Control 

Identify QC activities needed for each sampling, amtlysi$, or measurenwnt teclu1ique. For 
each required QC activity, list the ~ssooi~ted method or p1'ocedut•e, acce,ptance criteria, and 
corrective action; Because ptapdavd methods are o:f1;en vague or incom,plet~ in specifying QC 
requirements, simpl,y relyiqg onthe.oited 1rtethod to provjde this infopr):ation is ·usually irtsuffic'ient. 
QC ;activities for the field and the 1abpr~toty inoltlde, 'but are ·not limited ,fb, the u$e of Planks, 
dtiplieates, matt~ix ·spil<:es, labot~ttory ·control samples, surt~gates, o:t seco1~d columi1 confi11nation. · 
State ~he frequency of analysis '.fot each typ.e of QC activity, and the SIHlc,~·oompounds Sources and 
levels. State or reference the required control limits for each QC activitY and corrective action 

· required when control limits are exceeded: and how the effectiveness of the corrective action shall 
be determined and d.oci.ltiJ.~nted, · 

Describe or reference the procedures to be used to calculate applioab1e.,statistics (e;g.,. 
precision and bias). Cc;>pies of the foiJtmlas are acceptable as long. as the accompai1ying narrative 
or explanation specifies clearly how the calculations wilL address potenti~lly: dif,ficult sjtuations 
such as missing data values, ~·Jess than" or ''greater than" values, and other common data 
qu!ilifiers. · · 

3.3.6 B6 - InstrumentfE:quipment Testing, Inspection,_ and Mairttenance 

Describe ho;w inspecti0ns antl acceptance testing of instrmn~nts, eq:uipnJ.ent, and their 
components affecting quality will be performed and documented to assure' th~ir intend~d u:$e as 
spedfied. Identify and discuss thep:rocedure by which fmal acceptance Will;bepe1'fonned by 
independent personi:iel {e.g., pel's6rine1 otlier tl1an thOse perforiniiig theWor'k) a1io/ot by the EPA 
projeCt manager. Describ~ how deficiencies are to bf}'resolved, when re-inSpection will be 
performed, and how the effectiveness of the corrective action shalLbe determined and 
documented. 

. Describe or reference how periodic preventive arid corrective maintenance of 
measurement or test equipment or other systems and.their components affecting quality shall be 
pei'formed to ensure availability and satisfactory performance ofthe systems. Identify the 
equipment and/or systems requiring periodic maintenance. Discuss how the availability of critical 
spare parts, identifieq in the operating guidance atid/or design ·specifications ofthe syst.ems, will 
be assured and maintained. . 

3.3.7 B7 -Instrument/Equipment Calibration and Frequency 

Identify all tools, gauges, instruments, and other sampling, measurirlg, 'and test equipment 
used for data generation or collection activities affecting quality that must be controlled and, at 
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specified p~riods, calibrated to maintain performance "\Vithm speCified 1iinits. Describe or 
reference how calibnition will be conducted using .c~ertified equipment and/or standards with 

, lmown valid relationships to nationally recognized perfonnance standards. If no such nationally 
' recognized standards 'exist, document the basis for the calibrati.on. Identify the certified ·• · · · 
equipment and/or standards used for calibration. Indicate howrecords of calibration shall be 
maintained ahd he traceable to the instrument. . ' ·,- . '· ' . . '. 

3~3.8 .B8 - IP:s_p~ction/Acceptance of Supplies and Co11sumable~ 
. . : 

I>escriqe :how al1d by who~n supplies and consuina]JlC)s (e.g.,' standard materials and. 
solutimis, .sample bottles, calibration. gases,:creagents,.hoses,. deionized water;. potable water, 
elec1!6nici·data·Storagecrriedia)·s]1a:ll be·inspected and·a6ceptC)d for us.e iri11le project:- State· 
acceptkc~cr@iiaJorsuch ~upplies and consurriables, ' ' 

3.3.9 B9., Non-'directMeasurements 
. . '; 

~ .· • Icle.ntif)i any typ~S of d~ta neegedforoprbjecfirrlplefuentatio~ or· decisionmakingthat .are 
. o1Jtafi}ed -fr~m ~o~;measl1fell\ent sourcessuch ·a~ c~n1putefdata lJa§es, progr~1)1s, .lit~ratlirt;files, 
ail.q~histofic!V,d~t~b.~s~s,, pesciibe .the iuten4~cl. us~ :ofth~ .d~ta .• Defm.e. tpe 3.cc~pta1lce.cr1teria 

. fqr }he use of;,s,uch data in the proj eqt ancl.speCify any lilp.itatibll,.s On the use· .of:the. data~ 
• __. . :: ',',' ·' ,'."..... ' ' . • . • . • - ·. .. . . . • . .. . . ' • . ·:' _. . • J, • . . • . ~ ..... ' •. '"" .,,. :: . ,,. .• • '. 

3.3.10 BlO - ilata M~nagement 

D'C)sc¥ibe th.e prOject dp.ta IJ?.anagementprqcess, tr~cing th,e path ofth,e data fr()l11·tn~ir 
gep,er-ll:ticn1'to thei£:fm~l. use of ·.~torage .( e; g., ~he fi~ld, _ th~>office, ·. the.l~1:Jorat()ry).. riescr:ib~ or 

·.~~t~~~iti~J~~!f~~i~~i;~ii~:~~~~~~~~ach· 
reporting~ .a.b.q. data entiyto forms, reports, and databases;. Provide e~amples.of any forms or 
cllecklists'to be used. 

' ., . ··! ..... • ••• 

' 
Identify and describe all data handling equipment and procedures to process, -compile, and 

analyze the data. This includes procedures· for addressing data generated as pari ;of the project as 
wellas~data.from other sources. InClude any requrr~d~oniputerhc:trdware·andso.ftwareand 
addTess ~ny speCific performance requirentertts for the hardwru,:e/so~ftware configuration used. 
Describe.the procedures that will be followed to demonstrate acceptability ofthe 
hardware/software configuration required. Describe t]J_~ pro()ess for '!is suring that applicable 
information resource management requirements are satisfied. · 

Describe the -p;ocess for assuring that applicable A.gency information resource 
management requirements-(BPA-Directiye2100) ~are·satisfied:{EP .A:: QA.Pr0ject -Plans·. only). -If~· 
other Agency. data management requirements are applicable, such as the· Chemical Abstract 
Service Registry Number Data StaJ?-dard (E.PA Order 2180.1), Data Standards forthe Electronic 
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Transmission.ofLaboratory Measureirtent Results (BPA Order-2180.2), the Minimum Set of Data 
Elements 'for Ground"Water Qnality (EPA OrdC(r 7500;lA), 'or new data standards as they are 
issued by EPA, discuss how these requirements are addressed. 

3.4 GROUP C: ASSESSMENT AND OVERSIGHT 

The elements in this group (Table 3) address the activities for assessing the effectiveness 
of project implementation and associated-.QA and QC activities. The pJ.U•pose of assessment is to 
ensure that the QA ProjectPlan is hnpletm~nted as prescribed. 

' 

'fable' 3. ·Group C:·.l.\:ssessment a;itd 
Oversigltt'Ei¢mel1ts. 

~ .. ·• '· > -' ~ . " ,,, . 3: •, : 

Cl Assessments and Respons,e Actions 

C2 Reports .to Management 

3.4.1 Cl - Assessments aridi{espop.se Actions 

Describe each assessment to. be l!sed in the project h1cluding the freque.n:cy. and type. · . . . . . . ,, . . . . . ' . ·.· . . . . 

Assessments include, but m·e nof liinited top. surveillance, mana,gement systemsxeviyws, readii1ess 
reviews, techriical systems.audits, performance evaluations, audits ofdl:lta quality, and data quality 
assessments. · Discuss the irlforniati(:m expected. and the success ci·iteria (i.e.~ goals, performance 
objeqti:ves, atceptaiice ctityria spec~ftcati6ns, etc.) for each as~essment proposed; ~i$}the 
approxi,mate sch~dU,le of assessme}1t.activities, For any,plam1ed $elf~.assessl11ents {utili.i~ng 

. persbfuel :&ow· within the proj ~ct grottp~), · jdentify. potential patti,cipants and tl1:~~r exact 
relattcili1~htp fitlrlnthe proj e.ct org~zyization.' ·For incleperiderlt as~essmeftts, .identify tb;e . 
organizatiOn and petsort(s}thaFSnztl['perfdnn tne ·assessments ifthfs .mfom.i.1ati'on is 'avaihtbk 

· Describe how and to whom the results of each assessm'ent shall be reported. 

Define the scope of authority of the assessbrs, including stop work orders; and when 
assessors are authorized to act. 

Discuss how response actions to assessment findings, including corrective actions for 
deficiencies and other·non-conforming,ponditions, are to be addressed and by whom. Include 
details on how the corrective actions will be verified· and documented. 

3.4.2 C2- Reports to Management 

Identify the :fi:equency ahd distribution of reports issued to infot1n managernent (EPA or 
otherwise-) of-theprojectstatus; for .examples,-reports -on·the results-of performance-evaluations 
and system audits; results of periodic data quality assessments; and significant. quality assurance 
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problems and recommended solutions. Identify th~ preparer and the ·tedpients of the reports; ariq 
any. specific actions recipients are expected to :iak~ as a: :re~ult.of thy reports. . 

3.5 GROUPD: DATAVALIDATION.ANl>USMUI;ITY' 

, . The eLc:mentsinthis group{Table 4) address. theQA activities that occur after, the. data 
colle.ction phkse ofthe project is completed: :Implementation .ofthese. elernents determines· 
whether or not the data .conform tp the specified criteria,, th:rts satisfying the projeQtobjectiyes. 

. •Dl 

Table·~;. 'GroapD;.·nata,)~~I{dati~n 
. . and Us~bility Elern~rits: ,, .· _,,_. ' .. · .... ·' ') '),, 

. 3.5.1 Dl- Data Review, ·Veri.fi~ation, ·and Validation . . ' . . ., ' . . .· ·'· ., - . ' ~ 

· .. Staie.:the criteria used·to reyie\v·atl.d:vaiiaate --that is, accept, reject, or quali~ --·qaiao ip 
an cil?jeetive and consistent mariner. . 

') ,· 3.5.2•. B2- Vefifica.tion and VaJidation Methods \., """· . •, ·. ,. 

·.·. ·])~scrib~ the process .to be' useclforvexifying a1.1d.validating.data, inCluding Jb.e ch~in~Of-

.:~t~~!!;h~~It~~lo~!~~6;:~:1~~~:j;~~~~~~~~i~;:·:~~~~~~~~~~~J~(~;~~~~l~~t~:~~~~#~~:rs, 
Pr~eisely defme and interpret how validation is.sues differ from verification. issu~s for this pr()ject. 
P:rovige e){amples of any fortns or checklists to'Qe used. Identify any project-speCific ca:lciilaliohs 
~~ . . " . ,. 

3.5.3 D3 - Reconciliation with User Requirements 

Describe how the results obtained from the project or task will be reconcil~d with the. 
requiremt::rtts defmed by the data user or decision maker. Outline the proposed methods to 
analyzethe.data and detennine possible anomalies or departures from assmnptions established in 
the planning phase of data collection. Describe how reconciliationwithl:tser requirements:will be 
do.cumented, issues will .be res?lved, and how limitations on the use of the data. will bereported to 
decision makers. 
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. . . . . . . 

40 CFR.30,Code of Federal Regulations, ''Qrantsa11ciAgre~ments With Institutions ofliigher 
· · -~ducati6n, :fl'ospitals, ~nd .other NqD..:P.rofit.·.Qi-g.a~JZatfoAs~'' · -· 

,, ... ' .· .'· · ... ,· . . 

40 CFR 31; code.ofFederal Regulations, ':UniformAdmi:n;strative Requirements for Grants and 
Cooperatiye Agreement to 'State ~nd Loc~tl · Gov~rriments:" ·· · · · · 

40 CFR 35,C;de OfFederalRegulations, "State .and Lo2al.f\.ssistan:ce." · . ·,·, .· .. , . . ·.{ . ' 
.• 

48. CFR46;£od~ ofFeder<tl R,egulatfo~s, ''J1ederatAcgl11sitl.on.Regul#ions." 
· t' I 

ANS+JASQCE4:,J~94, Specifications, an<d Gtdqeli~~s,fo; Qlfqlf,t)l /£Ystems for '§Ytvironm~ntal 
···· Da.tdC6lledion and E'l(lvironrnental TechndZ6gy:Prograins, American National Standard, 

.· Jiln'Uazy 1995; ·. !; \ • 
,_. i''__, . 

EPA Dir~6ti~e2tQb (1Q98),]nformatf0n Resozirc~s¥b~fJg~n1fht.]>.pZZcy Jv.[arrup(, tfs. ·· 
Envir()11iTI.~rif~lProte~tion Agency, Washiri~ton~.PC: i·· .; .· ·. · · · ·.r 

·-:---:.:,:··~·; ->:. _,,.,. 

EPAOrdbf: 2,1:8Q;J;.(Jilne 1987),.Chemica;t4:b,.st7ia¢(~eff!ice:J!?.eg~stryNumber DataSta~!iard,_ 
·. '·.',"'." ;' ·,t.·:·_.""'··:·~~-·-·· .. .;·:··:--··:_:·',:.··.· <~:":'. ~-. _.-:.·.::·:._-.·-.-~··.·· .. :-···:··;_.;·,·,~--,·:<-;·.::-::·>·---·<~·';.' :_._.·~:· ' ·.'' -~~ .'·"":·:--

. TIS~ Ei:J.viicmme11talPro.tection Agency, WasliiJ:igto:q~DC. · · · .· ·· ·· 
';:- ·. ·, ~ .. ,. ~ . 

EPA O~Cl~r.2~·8Q.:i(pecC<l11Per19~8), Da{aStqnqcp;ci~f¢r;}h~,E[~ctropfc TranstiJf/sien of. 
· . Laborat'oiyMeizsurement Results;:u.K Eilvrr()IJinen~~i·ProtcdicniAg~Il:qy; .Washington, 

BYC; . ···. .. .. . . . . . .. ; . ; • ~ 

EPA Qrdef:5~60;) •. i (i«J:ay:ivoo). '~PA·•Q14alitYM4ru4it6rf{rzviro~m~~tarPrograms, U.S. 
· •·• .·.··• ····" :Eiivifopilie~tat:Pcf:otecridn A.:gericy; ·wa§l±i.IIgion~:b~.··"'''· ··"' · ···\'. \ ·· ·· ., ·• ·'' ·• 

EPA Order 5360.1~ (May 2000), Policy and Program Re{jJtff?mentsfor th~ Mandatory 
·. · ·A.gency-wide Quality System, u.S.Enviroriln.entar'PM'tect1on Agency, Washington, DC . 

.. , . \ ,, - . 

EPA Order 7500JA (October 1992), Minimum Set ofDataElimentsfor Ground-Water Quality, 
"(J.S. EnviroiJ1Ilental Protection Agency, Washington, DC. · 

I "/ . ..· ' '• ' / 

U:S. Enviromnegtal Protection Agency, 2001. EPA Require~zen($/or Quality Management 
Plans (QA/R-2), EP AJ2401B-OV002, Office ofEri.vir01nnental Inforrhation. 

U.S. Environmental Protection Agency, 2000a. Guidance for Data Quality Assessment: 
·· F7;a8fil:dtf1Pthodsf6r iJiith .lnalysis {QAI~~'.9}, EP A.i6_6orR::96!684; Office of 
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U.S. Environmental Protection Agency,2000b. Guidance for the Data Quality Objectives 
Process (QA/G-4), EPA/600/R-96/055, Office ofEnvironmental Information. 

' 
U.S. Envit:onmental Protection Age1l.cy, i99~. Guidance for Quality Assurance Project Plans 

(QA/G-5), EPA/600/R-98/018, Office ofResearch and Development. 

' 
U.S. Environmental Protection Agency, 1995. Guidance for the Prepm·qtion of Standard 

Operating Procedures (SOPs) for Quality-Related Documents (QAIG-6), EPA/600/R-
96/027, Office ofRes.earch ·and Development. 

U.S. Environmental Protection Agency, 1980. Interim Guidelines and Specifications/or 
Preparing Quality Assurance Project Plans, QAMS-005/80, Office of Research and 
Development. 
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· APPENDIXA 

CROSSWALKS AMONG QUALITY ASSURANCE DOCUMENTS 

A.i BACKGROUND 

This appendix contains- crosswalks between this· d~cument and other QA planning 
documents. The first prosswalk compares this requirements d6cument ~ith its predecessor 

. document, QAMS 005/80, .Interim Guidelines and SpecificationsforPreparing QualitY 
AssuranceProject?lans·(EPA {980). 'The second crosswall(comparesthe elements:qfthe QA 
Project Plan ·defined in tp.is document withthe steps de :fined in Guidance for .the DatdQualitj; -
Objectives.Pr:oces:S (QA!G-4) (EPA 2oopo): the. Age~c)'' s preferred systen1atic phnining;pfocess 
·fo:r en:Yironmerital decision mal(il].g. _This cmss;vvalk is pro~ided to assi~tthe reader in determilJi:pg 
how the outputs -from the DQO Process c~m be integrated in:to a: QA Ptoj ee<t Plan.: · · · · 

·. 

. . . ' . ..·· ··, .. . ..... 

A.2 

. QAMS~005/80~LElVIEl~TS 
.:: . •. .-:-. :· ·::· . . _··: "'"· ·:··· .:•,·;,., :<. : _::• 

1:0 · .. - ·ritle1:Page vyithiPro.viS,ioj:l{or · --.· 
· Apprpv#LSigll.atutes · · · 

. 2-:0 .:T~]ile of(J()#teri.ts· 

.. ,, '· :· .-:· '. _\' . ·_ ... , ' .. ·· .. ' ·,_ ....... " 

.-.fi;;Q .•. ··: J?,roject~Organizationand.. 

,5.0 

. 6:0 

7.0 

Responsibility 

QA Objectives for Measurement 
Data (PARCC) 

Sampfulg Procedures 

Sample CustodY 
-·- - -- ··- . -··--··· .. _ .. 

KO Calibration Procedures and 
Frequency 

....... ;· .. __ , 

' . \ 
' .· .. ···-· 

. I . 
.... · . 
. _,~ . 

,-.: ... • ... \ 

• A:1:.· ·. .Table.ofConten.ts -.. -'· · .· .. 
" '' ·• ,,., '·.. ., .· ,• 

A9 
·: .. ' ' . ' '·: ·.· ' :· _., 

DocUJ:J:lents' and. Records 

A7 
.. . ' ' 

Qti.ality ObJectives :and Criteria 

Bl SamplingProcess Desi_gn 

B2 · Sru.npling Methods 
. . .. \. - ·--;" ~ 

B7 Ins-trument/Equipment Calibration and 
Ftequ{mcy , . · 
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QAMS~OOS/80 ELEMENTS · · 
.. ·' 

9. 0 A;nalytical ~rooedtu·es 

10.0 Data Reduction, Validation, and 
Reporting 

FLO 

12.0 

13.0 

14.0 

Intei;l1a1 Qrtalit)i'Corttt'ol Checks 
and 1;Frequency 

Performance.and Systems 

Preventive Mah1tenance 

.·· \. ;:,.· ·:· :: .. ·. ,: " . ' . 
S,peCific :Routin~ Procedur¢s Mea:-
smeirterit Para~net~rs lnvolved 

' .,, '· .... ,, .. ,.., { 

15:0· CorreetiveAotion 

16 ;0' ·QA R~ports to Manageihent 

EPA QA/R-5 . 

QA/R-5 ELEMENTS 

, B4· AnalyticaLMetnods 

Dl Data Revie;w, Verification, and 
Validation 

D2 Veti:ficatiort aiid Validation Methods 

B9 

]310 Data Mariagelne11t 
., .. :. _..; 

B5 QualitY Control · · 

' . 
Cl Assessinents ~nd Response Aqtions 

• • ,_ : ·~: . . ! ' ' '< ' . \ • '. . '!... ' .' . -' .. \ .. 
Ii1stru1nent/EqilJ,j:iment Testif,!g, 
I~~pe~trop,~arid Mallitenance ·.· 

D3 · R6.co'nchiationwit11 IJser Requ1relnents 
:• ... ·,,, . 

C1 A~sessi11ent~· and Respdrise Actiqns 

C2 ... 'R~ports to ::tyiaiia.geinerit · 
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A13 CROSSWALK.BETWEENTHEJ)QPPRQG)i}.S.St~.Q.l'H]ffiQ.&;PRJJJECT:PL~; 

· · r · · . · •. . ,. · · • · .. ·: .. ,,,. •••· •. · .. , .• ·. • .. ,, .. ·. ·.·.> :'-";'•:.-.:::·• · ·':"', ·: ·' · , ... ·:· 
, I .:·. • 

El,eirients I ' lt~qjjiteiiteiits .. ·•.· DQQOverlap 
· .. 'PRQJECT.MANA.GEMENT 

Al T~tle an~ App•:~:walSheet I Tltle and apprqyal~lJeet .· I N/A 
A2 Table of Col1tents 

A3 Distribution List 

A4 Project/Task 
()rganiz~tlon 

-'-

A5 .. P;~·oblet~ befitiitlonl 
· Background 

A6 Project/Task Description 

A7 Quality bbje'ctives and 
Criteria. 

A8 Speci~l 1fraii1ing/ 
Certific*tion 

Documeht conttolfort,nat 

Distdbution list fot·the QA Projed.Plan 
revisiot}S ~~cJ. fli1algtil<}~l1ce. 

N/A 

Step 1: State the Problem 

'Identify ii14ividtittls oroig~hizatibl1S . . I Step 1: State the Pl'oblein 
• partkip~tingin tlie"proj~(;t'and discuss their 

i role,s; resp9nsibiliti,es .and orgatJization. · ·· 1:· 

i) State··.t~ie. speCif1c··.•.·.··.···.P· .. ·.·t..·.pbletntobtisolved·ot'····· ,.:~te.· p}: St~te.thePr()?le~n. 
the declSl()ll·tobe mad¢, . Step 2:. Idehtrfy the'DeclSlon 
2) Idehtify,the decisi6tunaket' arid the principal . · 
custon1er for the results. 

·· 1) Hypothesis test,l)expected i11easuremeiits, Step 1: State the Problem 
3) ARARs or othetappropriate standards, 4) Step 2: Identify tl1e;Decision 
assessment tools (fechhical audits), 5) work Step 3: Ideritify the Inputs to the Decision 
schedule and t:yquifed reports. St(!p 6: SpecifY Limits, on Decision Errors 

Decision($), popul<itio11 pai'ametet of ihteresJ, Step 4 Defihe the BoLmdaries 
action l~vel, stimrnat-y statistics and acceptaJ:>le .Step. 5 Develop a Decision Rule 

lliinits mlq,ecision et:~'Ors. 'Also, scope: ofthe Step 6: SpecizyLimits on Decision Errors 
project{domain.orgeographipallqcale), :. · 

·. Idehtify.sJl.ecial.·fl'a!iiil}g\tl~at~~~~8AJn~l.\¥iiL·'·.. I·.•.• ..... N/A 
need; . . >'·· 

A9 . bocuinclnts and Recotds ·1 ~=~~~i~1:~~ait~~r~~t~if2p~~~J~~l{~~!,t~~~drh~l:fg•l ~~:~ ;~ g;~~:;:k~~~~~iri~::g~~J~:~gb~~i;:i~;~ Data 

.reportfon1}at ahd r~quiret1ieiits.Jor sJ:ox<1,!,t~~·.· 
i 

· ,etc. · · · · · · ·· . 

I 
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C!~ 
rJj) 
1!l~ .... 
kl{lkb 

Elements 

B 1 Sampling Process Design 
(Experi.rlletithl. Design) 

, B2· -Sainpling Methods 

B3 . Sample Handling and 
Custody 

. [· 

B4 Analytidal Methods 

B5' Quality toriu'ol 

B6 Instrum~nt/Equipmerit 
Testing, i Ins:geetion, arid 
Maintenance 

B7 fustrum~ntfEquipment 
Calibration and 
Frequency 

B8 l11spection/Acceptance of 
Stipplie~ and' · 
Col'tS1lm,ables 

EPA QA/R-5 

,, . Reqliireni~nts, _ DQQ Qverlap 
DATA, (JENEJMTION A@ ACQl!-fSITION 

Outline the experiniental design;)nduding· 
·· smnplingdesiguandrationale,, sainplfug 
. :fi"equeneies; matrices;audmeasll1:ement 
· parametei· qf intere§t. · 

. S~n11-ple collectiqp i1?,bth_6il:ahd,appi"oat?h. 

Describe the provisions for sample labeling, 
. shipment, chain~of~ctistody forms, procedures 
for transfel'rip.g an&thaintaining custody of 

. sa~.p.ples . 

Identizy_analyucal ineiltod(s) and equipment 
. for the study, itichi:c,liri:g niethod pei"f6imance· 
reqlliremertts, _ ,~ · 

~step 5: Develop a Decision Rule 
· Step 7: Optimize the Design for Obtaining Data 

Step 7: Opti:inizecthe:Design for Obtaining Data 

N/A 

. Step 3: Jdeiitifj tlfe lliputs to·.'the· D~cisioJi 
_Step 7:· OptimiZe tlieDesighfor Obtainiiig Data 

. :besctibe'quality C011f,rolpt'ocedures that- o; . I' Step-3: Idehfcy the Inputs to the Decision 
should be associated.wjtli elich sampling ancL . ·. 
measure.meni tecfu;dqU:e;•· List required checks 
and conectiye actiqJi.yt;ocedure§ .. 

Disci1ss ·how inspe:dticni arid acceptance te~illg; I Step· 3: Identify the Inputs to the Decision 
includingthe use ofQC~amples, must be 
perfonned to· ensure the it intended use as 

· spe~ified bythe design, " · · 
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. APPifNDIX B. . . 

·· TERMS AND DEFINITIONS 
' ·. . 

assessment - the evalu'ation process used to measure the perfonnance or effectivene~s of a systc:Jj,1 
and its elements. As 1Jsed he~~, ass~ssinentis an ali-inClusivetermusedtodenoteany.ofthe . 
follo\Ving: audit, perforillanc~evaluatioh, ma:nagemeriisystemsreview, ·pee~ review; inspection, or . 
surveillance. . ' . : . .. . 

audit(qualicy) - a systematic and iridc:peri.derit examination to determine'whether quality 
•activities and relatedresults• cgl#ply :with;platmed arrarigements:and "\Vhetherthese ·arrangements 
areimplemented effectively'an,d are suitableJo achieve objectives. . .·· . . . 

. , . , , . '· ~, . . I 

calibr~tion -·comparison <?faitieaswyment st~ndard, instrument, oritemwitha'standard or' 
iP.~trlimei).tof higlier:acctir?cy to detectand quantify inaccuracies and to report oreliminate tho~e 
inac~wacie1> bya4ju~irne11ts. · ·• · · · ·· · · · · ·. 

chain-of-:~n~t~qy ~ al1 unbrbkeri hall Qfac,cotilJ.tribilitY that ensin:es.the phy,sie~l beclliitY of . 
~~t£p~e~; Ci~t~, 1Wd.r,ec9r4s: · · . ··. ·. · ·.. · . · .· ·· ·. . ·' .. 

·.·. t6litia~ioF~an.Y b~ganii~tiS-l~ 9rindivial1atthatcontracts to furiiishserik¢s oi-Jit~ills citpel'rorin .. 
\\COrk; a sun~Iier'.-ma C()ntf~tfuafsitl1ati.bn. . ' , . . ·. . · .. ··· .. > '. ·. •· · .. 

''',c 

· d#~··.:qri~Iity a~,ses~rti~Ilt·~ a_st~tt,~tieal~nq scien~fic.· eva:hiatian,of~Iie data..·set i9 4etep~~~···the 
.valid_ity_~,dper,fo~I3JJC~ gft~e 4~1ac9lle.Ctio~ design and statistic~i Jsst,'·anq to ,deterrnin.e the 
a~eq~ac~.~rthe ~M~:set :forits'ii#ende(:i ~$e.~> • : . ' . ~.-· .•... ·· .· : . '. : ·~· · \ • . 

· ~~t~';@~~iiltf ~ the prb'Bess o:rensu¥iiiff)r· deteTiiiirimg whethertlie-qriaiify · 6rtrte•·a~t'a:pr6duc~d · " · , · 
l:l.ieets the intended use ef'the .data. . . . . . . . 

· de~~~ - spep~flcafions, drawings, d~sign criteria,. and perfom1ance requfrements. Also the result 
ofdeliqerat~ pla~ing, ana~ysi$, mathemati~at manipulations, arid 'desigilprocesses. . . ,· 

eilvirQn1Ilental conditions:-: the de~criptiop. ofa.plwsical medium (e.g., air, \Yater, soil, sediment) 
orbigl_ogical systeln expr~ssed .in te~s of its' physical, chemicai, tadiological; or 'biological . 
characteristics. 

environmental data - a:q.y measurements orinformation that describe environmental processes, 
locatipn\pr CCJ,J.1dition~; -~cph~gic.a.lor }1ealth. effect~ and Conseq:uences;ort]Je perfori11ance of 
ehvifoiunental teclmology. For EPA, envrronniel1taldata iriclude inf6iiiiatiol1 colleCted drrectiy 

·····'- . ---trorli-J.lXea~urements;pro:duced from· mo:dels,-and-ccmpiled -frcm-other-~outces:-sueh~as dat~ cpases. 
or the literature. 
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environmental data operations -work performed to obtain, use, or report information 
pertaining to enviromnental processes and conditions. 

environmental processes - manufactu!·ed or natui·al processes that produce discharges to or that 
impact the ambient ~nv1rmunent. 

environmental programs - work or activities involving the enviro1une1it, hicluding but not 
limited to: characteriiatiol'l of enviroi1mental pi·ocesses and conditions;. environn1entalmonitoring; 
envirmimental resear¢h and developrhent; the desig1~, construction) and operatiol~ of 
environmental technologies; and la.horatO:i:Y operations on environmental samples. 

. . 

environmental technology - an all~inchisive ternt used to descdbe _polllition :control devices ,and 
systerh~~ waste t~eatment p1~ooesse~ ·and storage facilities, and site remedia#on teclmblogies and 
their components that ri1ay be tttilized to remdve -pollutants or coritaniin;:ul.ts frb11\ or ·preve1it them 
·froni entedng the ertvitonnient:, ExaiYiples ihclildewet E~crubbei's (air), so:ll wa:sh{hg (soil), ·. 
g1·~nillated activated carbon U]lit (water), and filtration (itir, water); u$ually, this ternl.will apply 
to harchvare~based systems; however, it w"ill also apply to methods or techniques' used_.f<)r 

. polhitiori ph:vention, pollutant red*ction, or c.Ol'ltaintiient of cm~tamirJ.atiorr'to, prevent .fuiih~r 
inovenient of the contamiriants, sqch as capping, solidification or vitrification,,an~ biological 
t~eatment. . , · · · · · · 

finanCial assistance- the process by which funds are provided by one organization (usually· , 
goverm?lent) to another orga11izationfor the purpose .of performing wotk 'or futni~hipg setvices or 
itenis: Firia.ncial assistance mechanishis. inclu<le grants, cooperative agteenwrtts, :pejforinanoe 
partrie~ship a~reements, and·gove11.11nent interagency agreements. - .. . ·~· .· . , · 

gr~d~d ~pproach - the proce;s of"b~sing the level ofapplication of martagefi~1 co~ttols applied 
t6.an·1tem or work. according to the'.inteiiaM use of the results and the degree'Ofdohfiderice 
needed in the quality of the results. · 

· independe~t assessm'ent - an assessment performed by a qualified individual, group, or 
orgaiiiza.tion that is not a part of the organization directly performing and accountable. for the 
work being assessed. 

information resources management - the planning, budgeting, organizing, directing, training 
and controls associatedwith ihformation. The term encompasses both information itself and 
related resources such as personnel, equipment, funds andtechnology. 

~nspection - an act~vity such ~smeasuring, examining, testing, or gal1gi"Qg one or more 
characteristics of an·entitY and comparing the results with specified requirements 

1
il1 order to 

·establish Whether corlfot1fiance is-·achlevt:rd·for each characteristic. 
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.. managementsystem-: a structured, non~technical system desci:ibingthepolicies, objectiVes,· _. 
principJes1 orgariizational authority, responsibilities, accountability, and implementation plan ofan, · · · 
organization for conducting work and producing items and services. ' . 

' •' ·.-: I • ' ,' • ', ' 

method - ~body of procedures .and techniques for performing an activity (e.g., sampling, 
modeling, chemical analysis, quantification) systematically presented in the order in whiCh they are 
to be executed. · ·· 

p~rticipant -·vv:hen used in the context of environmental programs, an organization, group; or 
·individual that takes part in the planning and designproc~ss 'and provides speciallmowl~dge or 
skills to enable the planning and desigil process to meet its objective. · · · ,. 

perfonnallc~ e~al~ation -a type of auditin\vllichthe quantitative datagenerated'ina· 
. 1peasuremerit system are obtained independentl)'an,~ compared with rolitinelydbtained da.ta tQ. 
· eva:luate the proficiency of an .analyst or laboratory. · · ' · · · · 

qualiir.~·th~.tofality of featrires.andch~ra:ct~ri~tics ~fhptoduct or servic~:'thatbear on its ability' .•· 
to111eet~hestated or implied·n~ed's ·and.exp~ctations oftlie user. · · ·· :·. \ 

.. . --~' -· .. "' "·. ... . ' ·-- .... - .. '' ··~··· . '• . " .. . . . . . 

., :::.·~ .. ~ ' .. , .· ·• 

• q~ality ass11rallce• (QA) ~ an.in~e~~ted.·$~steli1 0ftnanagen:tent aGtiyities invqlyfug·pla!ming, · 
iillplimeht~tion, .. docu~entatim~; as§essme!lt, :reportlilg; 'anct quality improve~~ritto ·. eii§tiie that.a. 
prdce~s~ item, or serviCe is of the tYpe' and qu<J_litY )leed~d and expeCted pyihe'~lient; '. ' ' . 

·,:' ' .. :.:_,.·_ \ '· '' :·~- ::.~. :':. <" 

qhal,ltY·~r~slirance man~ger. ~ t¥e 'iJ1clivici'U£l'cie~i,gTI~ted_ ·as the principal inst11Z~;~er w1t}1in'the 
· o~g8.nizat1en ha,ving managenwnt oyers~ght a,nd ie~pohsibi}ities~or plam1mg, do,ctffiJ.eritin.g; 

.. ~~o~d~n~tl~g, and assessing ~he ~ffe9ti':9B~ss o(tlie'f!hality syst~m f~r. !~~ ·qp~a~#~ti(;>~; >. : 

··· · 'qf{iiiiJ"~s~trrance 'projecf·p:l~.~ ••• ~~ .a ao211ffi~h1'c1~~-6iibilig'iii···comprehe~siVe ti~tail ·m~··tie'd~ssary 
. QA, QC; arid other technicalactivipies thatmust;be iniplemented to ensure that the results o'f·the 
workper.formed will satisfy the stated p:erfofuiance criteria. 

' . ,· "'" " '; ,,., ' "•. , .. ·'' . '·. '',•'."• ... i, '· ' • 

qria.lity_control (QC) -the overallsystem of~echriical activities that measures the attrib1ttesand 
p~rfoiiDance of a process, item, or service against defmed standards to verify that they lrieet the 
st~ie4 requirements established by the customer; 'bpei'ational techniques and activities that are 
used to. fulfill requirements for quality. . ' . ' 

qualicy management- that aspect of the overall ma]lagement system ofthe organization that 
de!ermin~s and implements the qualitY policy. Quality management include~ strategic plami.ing, 
a11ocationpfr~source~, and otlwr systematic aptivities (e.g.; pla1111ing, Ui:J,plementatioil; 
documentation, hnd assessment) pertaillmgto'ihe qliality system. . .· ' 

quality management plan - a documentthat describes a quality system in terms of the 
organizational· structUre, policy an fl. proced~es, functional responsibilities ofman~gement and 
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staff, li11es. ofauthority, antl.requM:jd interfaces for those platming, hnplementing,.docmnent:ing; 
aild assessing all activitie$ cohdtloted. · . '. . · . · . · 

qualifY syStem·~ ":.struCtlJ1'ed and docum~nted inanagemetit systein describing the policies, 
objeotlves, principles, .organizatioha.l al.ltho1'iiy, responsibiHties,. accotmta:bility, l:nid iliJ.plementation 
plan of anorgatiizatioil for,etJ.sui~ing qua:liiy·h1.itswork processes, products (items), and services. 
The quality systeni. pl'Ovides the· framework for planning, implementing, documenting, and 
assessh1g. worl~ pe;•fo~:med by the otganization and for carrying ~ut required QA and QC activities. 

' 
readinesS· revjew .., a systein~tic, doCtllnehtet). revievy of th~ teadhii;iss· forthe start .. up ot Coii.tinued 
use of a facility, process, or actiVit)'!. ReadilleSS 'reviews ai·e typiCally conducted before proceeding 
beyond project mileston:es and pdor to initiation of a major phase of work. 

. I . • • 

record - a cotrtplet#d docuinent that provides. ol;>j ective evidence:.,of an item or process, ·Records 
may include photographs, drawings, magnetic tape, and other data ·:fecotding media. 

·f • . ' 

· speCifi~ati~n: ;.'a obclitiient statin,_g req'l.lir.~trtertts and Which t:6fers to oi includeJs drawin,gs·.or other 
relevant doctilnents. Specifications should indicate the 111ea11Sahd the.ct~iteda for 'qetermining . 

. , 
' . 

su.pp~i~r · ~11)>: illdividtial·or organization fun1ishing items OJ' ~etvices or performing work 
according td a proctJreinentdo~urliertt ot finanoial:assistance .agrednent .. This is.an all-!nchisive 
term used hi place of anyof:tlie following: vendor, seller,' coiiti·actor, sub6ontractor,.fabficator, or 
consult~nt. ' · · · . . 

surveillance (quality).- continual orfrequeht mer,titoring and vefificatiofi of t~e, staws· ofan 
entity ancf the analysis oftecords to ensure that specifiedreqttireinents. are bd.rtg fulfilled: 

-·:.~···· .. ,,,_' ·· .. ,··.,.· -~_-·. ~--;._-,:' · .. : .. _, .·_ .. ·.,; :_, --~1·.· · :~--- .• ... :.· ·,,···}· .. \> ·: r-

technicai systems au.dit (TSA)- a thorough, systematic; on~site, quMitative audit of facilities, 
eqoipm.ent, .perscmnel, trainirlg, procedures, record keeping, <lata validation; data management, 
and repmiing ·aspects of a system: · · · ··•·· · · 

0 

validation - confitmation by examination and provision of objective evidence that the particular 
requh;eniehts for .a, specific intended use aJ,:e fulfilled. Ifi desigii and development, validation 
concerns the process ofexam:ining a product or result to detel111ine confQrmance to user needs. 

verification :: qonfmnatimi by e:xamrnation and provision ofobjective evi:dence that specified 
tequil'ements havebeen fulfilled .. In design and development, vedfication·coilcerns the process of 
e:xamit1i11g ~. re~ult of a given activity to det~rn1.ine confo\mance to th~ st&te<l. requiret?ents for that 
activity. · · · 
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SMC Data Transfer Formats 

1.0 INTRODUCTION 

One goal of the southern California Stormwater Monitoring Coalition (SMC) is to 
compile monitoring data from separate monitoring programs to make regionwide 
assessments. Thus far, data compilation has been difficult because the various 
monitoring programs have differing project goals and objectives, assorted sampling 
designs, various laboratory analytical methods, and incompatible information 
management systems. The goal of the current document is to increase communication 
among stormwater monitoring agencies by developing standardized data exchange 
formats. The comparability issues concerning study designs and laboratory methods are 
being addressed through related, but separate documents. 

The SMC member agencies, which includes six lead agencies for National Pollutant 
Discharge Elimination System (NPDES) permittees for municipal separate storm sewer 
system (MS4), and the three Regional Water Quality Control Boards (Los Angeles, Santa 
Ana, San Diego RWQCBs) that regulate the MS4 permittees, store and analyze their data 
in separate data systems. Some agencies use complex, custom-designed relational 
database structures and advanced statistical software. Others use simple spreadsheets. In 
some instances, agencies maintain data in only in hardcopy or electronic equivalents (i.e. 
scanned documents). The result is an inability for permittees, regulatory agencies, or 
other interested organizations to quickly or easily exchange information to compare their 
local data or for compiling data to make larger regional-scale assessments. 

Many of these obstacles have been surmounted through the use of standardized data 
transfer formats (SDTFs). For example, numerous data types are shared easily among the 
more than five dozen participants of the Regional Marine Monitoring of the southern 
California Bight (Cooper et al. 1998). The State Water Resources Control Board is 
using a similar approach for compiling statewide beach monitoring data. SDTFs are a 
structure for sharing data. The value and versatility of SDTFs is that they do not specify 
what format or software should be used by any single agency. SDTFs only stipulate what 
data should be shared and a common structure for transferring the data. If a common 
data structure is used, then the data can be shipped in any software including ASCII code. 
Once transferred, each agency can import, store, and analyze the data in any format or 
software they wish. This precludes the need for purchasing new information 
technologies (i.e. hardware or software) or for hiring specialty staff; SDTFs can be 
accomplished with the existing information technology infrastructure. 

1.1 Objectives and Goals of the Document 

The objective of this guidance manual is to capture the data types and structure for 
SDTFs for stormwater monitoring data. The goal of this document is to create a series of 
defmed data tables, which can be related to one another through commonly defmed 
fields. Whenever, two agencies share data, the minimum data requirements defined 
herein shall be the default data structure. 
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revisifeo perioaically as the data needs for the SMC evolve. The SDTFs can be easily 
expanded to include new and differe1ilt data types as new monitoring techniques, or data 
assessment needs, develop. 

General Approach: 

The general approach for creating SDTFs included a process for selecting data types to 
include, guided by a series of philosophical design elements, and finally a definition of 
data table structures. 

A technical committee was formed comprising representatives of the SMC member 
agencies, the State Water Resoll.rces Control Board, and a non-governmental organization 
to help select what data types were to be used for SDTFs (Table 1). These are the 
agencies that will be sharing data with one another, are most knowledgeable about the 
information management within their own agency, and understand the needs of the data 
analysis community that will be relying on the SDTFs. A concensus-based process was 
used to create the philosophical approaches, select data types (e.g. tables), and define 
table structures (e.g. specific fields) for the SDTFs. 

Table 1. Collaboratc;>rs for developing stormwater monitoring standardized data 
exchange formats for the Stormwater Monitoring Coalition. 

Cont~ct Name 

Brock Bernstein 
Larry Cooper 
Pamela Creedon 
Linda Garcia 
Fred Gonzales 

Phil Hammer 
Bruce Moore 
Kenneth Schiff 
Bob Smith 
Xavier Swammikannu 
Mitzi Taggart 
JoAnne Weber 
Beib Whitaker 
Darla Wise 
Matt Yeager 

Company 

Workgroup facilitator 
Southern California Coastal Water Research Project 
State Water Resources Control Board 
Riverside County Flood Control District 
Los Angeles County Department of Public Works 
San Diego Regional Water Quality Control Board 
Orange County Public Facilities and Resources Department 
Southern California Coastal Water Research Project 
Independent Consultant 
Los Angeles Regional Water Quality Control Board 
Heal the Bay 
San Diego County Department of Environmental Health 
Santa Ana Regional Water Quality Control Board 
Ventura County Watershed Protection Division 
San Bernardino FIGJod Control District 

The conceptual design used by the technical cmmnittee followed four philosophical 
principals: 
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• SDTFs are for transferring data in a relational structure. They are not intended to 
be stand alone databases; 

• SDTFs are software independent. No new hardware or software is required to 
implement their use; 

• Capture data at the replicate level. This means capturing raw data whenever 
possible, as opposed to calculated or summarized data; 

• Inclusion of quality assurance data. This will allow for an independent 
assessments of data quality; , 

• SDTFs are a first step to an integrated infom1ation management system. This 
document will not resolve all information management issues related to sharing 
stormwater data. The SMC has a future projectin its research workplan that calls 
for the contruction of an integrated information management system for 
stormwater agencies in southern Califomia. 

The technical committee then focused on what general types of data they wished to share. 
They selected nine types that include data about stations, station occupation, 
microbiology results, chemistry batches (quality assurance), chemistry results, flow, rain, 
storm events, field collected result~. Each data type is represented by a relational table 
(Figure 1). Each table is uniquely linked in order to efficiently transfer data by 
minimizing redundant information and enhancing data extraction. When agencies share 
data, they should use these tables for transmitting the data. Finally, not all of the tables in 
Figure 1 are required when sharing data because these data are not owned by the 
stormwater agencies. The optional tables are Rain Gauge data, Toxicity Batch, Toxicity 
Results, and Toxicity Water Quality. 

Figure 1. Table relationship diagram. 
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The last step h1 the process was to define the table structures. Table structures are the 
fields within each table. The technical committee went table-by-table, field-by-field, 
ensuring that each table had the correct and com.plete information. All of the table 
structures are defined in Section2.0. Wlwn sharing data, SDTFs should follow the 
defined table structures. ln order to make this process more efficient, the technical 
committee developed an access file with empty tables that can serve as a template SDTF. 
This access :file is available on thG$0CWWwe0i!p1tge "I(WWw.socw:iijP'Voi~C-'1' 

t,.; ',,;~;~~~.;;;; :~~~;3.\li...lJ ~.J. ·~ ~: ; .. ~·:;.·.~ ', .·~~· · L1>' •;,',~ .~:t.: i :.J' .r.'.) i~ ';";;\\ 1}~';ifdti:::.::~l;.i ~~~ '~{;; '_:,~,,i'l~j,',-.,~~ .'.:~~,;~~~~;_! 
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2.0 RELATIONAL TABLE STRUCTURES 

This section defines all of the relational table structures for SDTFs on a table-by-table 
basis. For each table, there is a table purpose, guidelines for use, and a table summary 
that lists and defines fields (field name, variable type, etc.). 

The table summaries give useful information to the person(s) responsible on field 
definitions for constructing the tables. The summaries are in the form of a list. The first 
column in the list contains the exact riame for the field as it should be used for data 
submissions. Do not add spaces or other characters to the field names since this syntax is 
important when importing and appending data. Field names in bold indicate a 
combination of fields that provide a :unique value within the table. 

The second column in the list describes the type of variable used for data in that field. 
The variable types are: 

• Text any alphanumeric character 
• Number numbers with decimal places or whole numbers only, no decimal places 
• YIN Boolean indicating Yes or No 
• Memo unlimited number of alphanumeric characters 

The third column in the list indicates whether the field is mandatory or not. 
• Y indicates that the field is mandatory, 

* 
• N 
• R 

indicates that the field is conditionally mru1datory · 
indicates the field is not mandatory. 
indicates that the field is recommended, but not mandatory. 

The fourth column in the list is a description and indicates the intended use for that field. 
For those fields that are senstive to syntax, a look up list is referenced that contains a 
constrained list of values allowable in that field. 

PURPOSE: The purpose of this table is to provide a unique identifier that will be used to 
link all tables for data extraction and analysis for a particular storm event. The StonniD 
may be expressed in any format at the discretion of the agency. This variable is not 
intended to provide a formal definition for what constitutes as storm, it is only used as an 
aid to analysis. 

TABLE GUIDELINES: Each record will be unique based on a combination of StormiD 
and Agene-y. The data exchange. file will be named StonnMaster.XXX. 

Example Data: 
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PURPOSE: The station table is central to data relations in the datq.base. Each record 
represents a description of a geographical location including stationiD, latitude and 
longitude data. This table may be appended as stations are added by the monitoring 
agencies. 

TABLE GUIDELINES: Each record will be unique based on a combination of StationiD 
and Station Owner. The data exchange file will be named StationMaster.XXX. 
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PURPOSE: The Station Occupation Event table contains environnwntal condition data 
collected when the sample is taken. Each record represents the conditions at the station 
where the sample was collected. 

TABLE GUIDELINES: The combination ofthe fields StationiD, StationOwner, 
SampleStartDate, SampleStartTime, FieldSampleType, EJ.nd SamplingOrganization will 
ensure that each record in the table is unique. The data exchange file will be named 
StationOccupation.XXX 

EXAMPLE DATA: 

TABLE STRUCTURE: 
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PURPOSE: This table contains the raw qualified data as collected by field crews (i.e. 
dissolved oxygen, pH, conductivity, etc.) 

TABLE GUIDELINES: The combination ofthe fields StationiD, StationOwner, 
StormlD, SampleDate, SampleTime, and SamplingOrganization will ensure that each 
record in the table is unique. The data exchange file will be named 
F ieldMeasurements .XXX 
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Microbiology R.e$ults i 
----~::;.~;,;,,~··:. . •• ; .•. ~ •H<-~;.;._.,_,·-~ ;,·f.,-.- .; .• J 

PURPOSE: The Microbiology results table contains bacteriological results data. Each 
record represents the results of an individual sample including collected samples and QA 
check samples. SamplingOvganization is carried in both the results table and the event 
table becatJse one agency may collect samples that are analyzed by another laboratory. 

TABLE GUIDELINES: The combiu.ation ofthe fields StationiD, StationOwner, 
StormiD, SampleStartTime, SampleStartDate, AnalysisDate,ParameterCode, LabCode, 
LabRep, and SampleType will ensure that each record is unique in the table. The data 
exchange file will be named MicrobiologyResults.:XXX 
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TABLE STRUCTURE: 
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PURPOSE: This table contains information about preparation methods and dates within 
each lab. A batch is defined as a group of samples with which the .QA results are 
associated. For some labs, QA data is associated with the pr13p~n~tiOl1 batch while other 
labs associate the QA data with analytical batches. Samples pl'<3pared iu the same batch 
rnay move through the lab in different analytical batches. To 111inimize redundant data 
entry, the preparation batch information ha.s been brok13n off iJ:lto a separate table and is 
related to the tblChemistryResults through the PreparationBatchiD code. Each record in 
this table represents all information common to each preparation batch. 

TABLE GUIDELINES: The QABatch and AnalyticalLabCode fields will ensure that 
each record in the table is unique. The data exchange file wi11 be named 
ChemistryBatchData.XXX 

EXAMPI,.E DATA: 

TABLE STRUCTURE: 

12 



) 

PURPOSE: The purpose of the chemistry results table is to document the analysis results 
for water chemis~ry. Each record represents a result frQm a specific analysis for a 
pa1iicular parameter at a single station or a single QA sample. This table will also 
contain all supporting QA sample results. 

This table contains some information that will be derived from field data in order to 
differentiate samples collected at a single station, but at multiple times. 

SPECIAL CASES: 

Results vs. True Value: 
The reported result is the number gathered from the analytical instrument. The "True 
Value" is the concentration ofthe parameter in the reference sample. The purpose of the 
"True Value" is to facilitate the calculation ofperce,nt recovery. The True Value is only 
reported for matrix spikes. A True Value of ...,.99 will be reported fqr all other samples. 

Since the mean True Value of Certified reference materials is considered of little use, the 
range values for the minimum and maximum for parameters in the certified reference 
material will be carried in an ancillary table within the ana,Jytical database and will not be 
described here. 

Matrix spikes: 
The reported result is the number gathered from the instrument and is the net amount 
recovered from the sample after being corrected for the concentration from the non
spiked sample. For spiked samples the "True Value" is the concentration ofthe 
parameter added to the sample before analysis. Percent recovery will be calculated by 
dividing the result by the True Value times 100. 

Recovery corrected data: 
This is not reported because it can be calculated using the True Value of the reference 
material processed within the same batch. 

Lab Duplicates: 
Lab duplicates are defined as duplicate samples taken from the same jar. The result for 
each duplicate will be numbered starting at one, e.g. the result for the first duplicate will 
have a LabDuplicate of 1 and the result for the second duplicate will have a LabDuplicate 
of 2, etc. Replicate samples taken in the field will have separate sample ID numbers and 
a LabDuplicate of 1. / 

Non-Detects: 
If the result is not reportable, a qualifier of "ND" should be used and the result reported 
as -99.. In the case where the result is below method detection level or below the 
reporting level, but is being reported anyway, a qualifier ofBMDL (below method 
detection limit) or BRL (below reporting level) should be used and the result reported. 
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QA Samples: 
The field SampleType is used to distinguish QA and blank data from actual sample 
results. Since the QA samples are ustmlly blanks, spikes, or certifi~d reference materials, 
they do not have a station number associated with them. In this case the value 11 0000 11 

will be used as the StationiD. These samples will be associated to other samples with the 
same PreparationBatch code. These samples require a trqe value to allow for the 
calculation of percent recovery. 

Units: 
Values expressed in parts per billion will carry the units tag ofMG/L. Values expressed 
in parts per million will carry the units tag of UG/L. 

TABLE GUIDELINES: The combination of the fields Station!D, StationOwner, 
Sto].1n1ID, QABatch, FieldSampleType, Matrix, SampleType, ParanwterCode, 
LabDuplicate, and AnalyticalLabCode will ensure that all records in the table are unique. 
The data exchange file will be named ChemistryResults.XXX 
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TABLE STRUCTURE: 
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This table is optional for reporting purposes. 

PURPOSE: This table is used to re.cord information specific to each test batch processed 
in the laboratory and is used as supporting documentation for the To4icity Test data. 
E13-oh record represents specific information common to ~ grotJp of samples .processed at 
the same time and is pertinent to all replicates processed. This table includes the QA/QC 
data needed to document the test results. 

TABLE GUIDELINES: Each record will be unique based on a combination of the fields 
QABatch and AnalyticalLabCode. The data exchange file will be submitted with the 
name ToxicityBatch.XXX. 

E:XAMPL;E DATA: 

TABLE STRUCTURE: 
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This table is optional for reporting purposes. 

PURPOSE: The Toxicity table carries data relevant to sediment or water toxicity tests 
and their replicates. Each record r~presents the results of an individual replicate for an 
individual species processed in a batch ofreplicates. 

TABLE GUIDELINES: Each record will be unique based on a combination of the fields 
StationiD, StationOwner, StormiD, SampleType, QABatch, AnalyticalLabCode, 
Species/TestType, Dilution, Concentration and LabRep. The data exchange file will be 
submitted with the file name ToxicityResults.XXX. 

EXAMPLE DATA: 
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TABLE STRUCTURE: 
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This table is optional for reporting purposes. 

PURPOSE: This table is used to document water quality during the course of a toxicity 
test. Each record represents a measurement of an individu.al water quality parameter at a 
specific time interval during the course ofthe test batch. 

TABLE GUIDELINES: Each record will be unique based on a combination of the fields 
StationiD, StationOwner, QABatch, Parameter, Matrix, TimePoint, LabRep, and 
Ail.a(yti$alLEibCode. The dfita exchange file will be submitted with the file name 
ToX.!C!iyWQ .XXX. 

EXAMPLE DATA: 

TABLE STRUCTURE: 
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PURPOSE: The purpose of this table is to capture the raw flow data. It is generally· 
intended to accept data from instruments, but can also be used to store manual flow 
measurements. 

TABLE GUIDELINES: Each record Will be unique based on a combination of 
StationiD, StationOwner, StormiD, SampleDate, SampleTime, and 
SamplingOrganization. The data exchange file will be reported with the file name 
Flow.XXX. 

EXAMPLE DATA: 
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TABLE ST.R:U.OTLIRE 

PURPOSE: The purpose of this table is to contain summary rain gauge data from rain 
gauges in the watershed. · 

TABLE GUIDELINES: Each record will be unique based on a combination of the fields 
StationiD, StationOwner, and StormiD .. The data exohange file will be reported with 
the file name RainMeasures.XXX 

TA)3LE STRUCTURE 
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APPENDIX 1. Look up Lists 
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Look up ljst 01 f)@,r)CY Cqq,es .. 
: C:t::>d'e · :.·T~ · ;:;.t:::;)>::j,;, i.!Oeso~iptiort · · · ~. \.:·.·.;'·~~· !JJ::·:'.; ·w<;. ,:·;·•; .. ; .·<"~~:i':.:: ~ ·''~·,··' :':"::'.:':;:: .. ·; <· · .. 
ASC · · Aqtlatic1B;ioassay c:(hq':GonsultinQi!Mo: · 

Hawaif~h · Hl:!Wi:i'iian G·c:rrEJer:is Depattrrien1t dfPL!IDlic Works 
GardellsDPW 
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HawthcirneDPVV 
Hermosa 
88a61iof=>w 
Hidden HUlsDPW 
HTB 
Huntington 
ParkbPW 
Imperial Beach 
lndustryDPW 
lnglewoodDPW 
lr:windale[)PW 

LaCariada 
Ffinfddgf3DPW 
La~e3pr~ 
HeightsQP.W 
La Mesa·· 
LaMiradaDPW 
La8UeoteDPW 
La.VerrieDPVV 
LABS•'':' 
LAGPPW 
LACSo··· 

~~§.una+!i!!s 

LARVVQCB 
LawndaleDPW 

Lof5g}Bea61iiDPW 

Ma:libuDPW 
Ma:iifiattan 
se'aciibi?w 
Maywo6dDPW 
MEG 
Mission Viejo 
MoriroviaDPW 
MontebelloDPW 
MontereyParkbPW 
MoorparkDPW 
Murrieta 
MWH 
National City 
NorwalkDPW 
Oceanside 
OCPFRD 
OCSD 
OjaiDPW 

Hawthorne· Departmentof<PublicWorks 
·Hermosa Heacb 'Department ofipubiL¢-~Y\'prks 

i>•. 

Hidden Hills Department ofPublic Works 
Heal The Bay . 
Ht.mtingtonPark Department of Public Works 

. ··. 

City of.lrnperial Beach 
IndustrY Departmemt of Public Works 
Inglewood Department oJP-ublicWorks -
Irwindale Department of Public Works 
Kinnetic Laboratories Inc. 
La·PanCI(j<3!Fiintridge D~partment ofPl.lblic Works 

LaHabr:ciHeights Department ofRLiblic Works 

CityofLaMesa 
La MiradaDeiJartrr:ient ofPuJ;ilicWorks 
La PueriteDepalimebf o:fiPubJic.WdrK's 

tos:Ah9ele.'s'Bureau:ofSahitation 

City:_o'fiLaKeiFoi'esf' 

Los:%ngelgs:CRegibna:r Water QualitY Control Board 

·La[hifa;Qe[far:tmeHfbfPublic Works 

MaiibuDepaiimentof.Public Works 
M~nh~ttah'El$ach Department .of Public Works 

Maywood .Department of Public Works 
MEC"Arialyticai'Systems Inc. 
CityotMi$si6riViejo 
McliJf.ovia'D~partmEirit of Public Works 
MontebeiLo:Departfnerit of Public Works 
Montere'!Parkbepartr!lent of Public Works 
MoO'rp·arkDepartmenf·ofPLiblic Works 
Cit:Y of M u rfi eta 
M6ntgomeryWatson Laboratories 
City ofNationai.Gity 
NorwalkDepartment of Public Works 
City ofOceanside 
Orange County Public Facilities and Resources Department 
Orange County Sanitation Districts 
Ojai Department of Public Works 
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.oxmardDPW 
;PEil<iis Mercles 

· g~fatesGPW: 

P.S:P .. 
R~n9mo P.al()s 
v.erdest!JJs.w 
R~hdhi;i '$ahtEI 
Margar.ita 

Ret!kiliri:lo 
s·~·~¢!itoi?w 

Sane·········· 
13Wt!:inay~lilt~JraDPW 

·S:aM Mar:irioDRVV 
$:E!bta OLarit§PPW 
saliita'Fe 
$!l>Hn~g~8RVV 

s~ntee .. 

S:SFCI) 

·$:lg~at:HiiiDPV.V 
$itni .. Va!l~yDPW. 
$MBRP 
SMURF 
:S'OGWA 
S.~li3iia.Beac.h 

South 

· Pasadena Department ofPt:iblic WoJikf::( 
B.ioo·Hivera Department .ofPLiblic)Norks 
Ramona Departmentof PUblic Works· · 

'Qjty:of:Poway, .. ····· ·· · · · · · ·· 
Potfof Sa11 Die!Jo 

Rc;>lfihg fiill~ i;'§t~tss b~p~rtment of Public Wqrks 
' . ,,, . ~' 

' ~ ' ~ ''··". ' .. ' .... 

GltYJ>fiSan ,ilt:iar:l·:Ca¢'-!strano · 

Santa.:Giarita ·pepartm~ht.9f PIJI?liq'W¢rks 

$an.la·Afla Regional ,\!Vater QuE!Iity.Qontrol Board 

S.t)~tneth.California coastal Water R¢se9roh ProJect 

SEl_~;Djego OdUntY Departmelit bf Environmental Health 
Sah3Die_go·couhtY Regional A.imotfAuthorit.Y 
Sah:iDie_goRegionai.VVater.QUalityC0fifrol Board 
$jerri3 Madre D~partmeriit eif:PllblicWofks 
Signal Hili!De~artmellt otP!:iblie Works · 
Sir;ni.Valley De_f>_artmeiit of.P0PiicVVotks 
"$~htaMomlca :Bay.Restoratiori.Projeot 
Santa Monica\Urban RunoffFacility 
:::;o uth ern orange :Co UhtyVVasteWater Authority 
t;Jtl;ufSolat:Ja Beadh · 

~6i.ltbGate;Departrn~ht:ofF?Libli.t: VYotks 
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PasaderiaDP\\V 

Temp).e CitfDPW Temple GitY:Hepartrqent·ofR.ul:ll.ic Works 

VC'I/VPD ·. ·Ventura C,o.untyVVEitersfied•P;rote'ctionDivision 
·VernonDPW V:errion,D,epartrrienfcfP~;~bliC'VJVork$ 

WalnutDPW WalnutDepartr11e6t:ofPublicYNorks 

·west Co.VinaBPW West :.Ooyi na :oe)partri:lerifof:Rllb lic'Wcirks 
w~sf west Hol.Jywt:KJd:P.e'p~frtmenfpfPLibl.icWorks 
HoHo/WoodDPW 

Whitti'ef,DPI;IV Whittie(Departm.tll1fdtBilbiLc Works 

\· 
) 

Look up list 03 Flow Types 
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Look up list Q4 Sample TYF>es 
, ·' ,,,,..•/,••-•It,, ,,, .. ,,. 

. 9.R.IVI ] .Certified RefererioeiM.i3tefl~l 

. tgdf( ': Dqplicate . 
BB -- - '· Extractidn Blank·· 

'_ .... _ ... , '' . ' .. .,. 

SG : .St:u-fab(3'Gral:i,; -, ... 

Look up 'list 05 OrdiMI Directions 
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Look up list 08 Weather Codes 
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Look up li$t 11 Qy1;1llfier Codes 

.) AnalysfiErr0'f:: : • · 

None 
NA .~ Not:A6atied ··. •' ..... ·' y ,•'. 

NS 

Look up list 13 Tidal Stages 

· F'l'otid· ,. · ... , ., 

NR' 
Sl.~ok 

Look up list 14 Test Matrices 
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Arsenio ·.··1 :METAL ·· ·· · ·· ...... , 

.13arium · , METAL 

.Benz[alanthrao~h~ · : PAH 

· Benzd[b]fluoralilthen!3 .i PAJI:+I 

Qop,pet .\ .METPiL 

. l;nteroc).odo~f ; Bacteria·· 

_: Nutrient. 
__ 1 PCB 

'FOB 
PQS 114 
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LOdk up list 17 Measurement Basjs Codes 

Look LJP list 19 Current Directions 

Look up list 24 Analysis Method Codes 
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.. ,·,··· .· ........ .,,, .. .: .. · ........ · .... · .,.·.;,., ...•. : ........... , 

9Po/o Aoeton!'l··;· · · '! 90% Acetone Extract forchlorophyli.CJ :at;Jd;phaeop(gr,neiht·':··· 
''1\SE ' , .. '··· ' . Accelerated Solve!lt Extraction·:· · · ··•·: ,., " ''· · '''; ,,.. ·' · . . ' .;.;, ·····!· .. ' ...... ' .. 
Conventional ',Q\;eh' Conventional Ovem · ' , · . ·'·· .. . . . ..· .. . .. . . . 
)3PA245.5 :, Mercury in Sediment (Cold:Va,porw.itfu,:p.erma@'~fil~t~ p@$sti6n) 
.E:PA3050A: ... Strong Acid Hot Plate Method ~6P~A3.@50A~: '':~'' . ·.~ : .. 

_8PA3052. . . "( . ' ' 

· E.PA3052l3Q"5;¢:~:. ~ ~. . .. , _:c:_ ......... · •• 

EPA3055 : Strong Acid Hot Plate'Method I(BP,A'.BG55:}. 
J1;1ASE: · : Microwave Assisted 'Solvet1t;.EXtra9tli6.:B ·· · 
M,gNO$ ·. :: Magnesium Nitrate' . ·. . · · · · · ' ' 

NR< : .·· ~ Missing data •.··. 
PS6PS6 · · ·; Sediment Grain Size 
B:P:UtJ;g .i Roller Table EXtractio~ · 
· §FS. · . Supercritical iflliid E)(tr§9Hon 

SONIC t.:Jltrasorric Extra6tiorry 

Look up list 27 Surf Conditions 

Look up list 28 Units 

• CFU/1 btlrni .. coiOnyFormifig.Qtrits 
• OM · .· . · · : oegtitn§te[s ·· · 
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Loqk up list 30 Missing VCIJ4.e.Gg~e.!? 
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i;,gc5k~8Wilist36 Tpxlc.!tY.M~~rlpeB . 
,.•:• .. -" ··-. . .., ... ;,._. .. ; ',,',.,.,. ~ -· ,· .·' 

: .d9~d'e c:l*,\,(f!,\~~ili~l\,i:::r;:);i;v,\i~;~~~~~;i~,i;p·esciii'p'ti(j@W'~lf¥&i¥~~-l'\f~~~~ 
'BS , bulk sediment' 

-~ ·':~~-::~·~,·' _.,_ • .,.,.;···J,· .; ...... ··;·•".:).', ,·· " 

pw • Dilution we~t¢r 
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Water Boards Surface Water Ambient Monitoring Program (SWAMP) 

~~ SWA~P, 
SurfaccWalcr 
Ambient Monitoring 
Program 

Program Goal &yislon 
Adequate and accurate monitoring and assessment are the 
cornerstones to preserving, enhancing and restoring water 
·quality. The information gathered from monitoring activities 
is critical to protect the beneficial uses of water~ to develop 
water quality standards, conduct federal Clean Water Act 
assessments and to determine the effects of pollution 
and of pollution prevention programs. 

The SWAMP VISIONS are: 

That v;ater quality is comprehensively measured to protect 
beneficial uses, and to evaluate our protection and restoration efforts. 
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Abstract 
The University of Alabama and the Center for Watershed Protection were awarded an EPA Office of Water I 04(b )3 
grant in 2001 to collect and evaluate stormwater data from a representative number ofNPDES (National Pollutant 
Discharge Elimination System) MS4 (municipal separate storm sewer system) stormwater permit holders. The initial 
version of this database, the National Stotmwater Quality Database (NSQD, version 1.1) is currently being 
completed. These stormwater quality data and site descriptions are being collected and reviewed to describe the 
characteristics of national stormwater quality, to provide guidance for future sampling needs, and to enhance local 
stormwater management activities in areas having limited data. 

The monitoring data collected over nearly a ten-year period from more than 200 municipalities throughout the 
country have a great potential in characterizing the quality of stormwater runoff and comparing it against historical 
benchmarks. This project is creating a national database of stormwater monitoring data collected as part of the 
existing stormwater permit program, providing a scientific analysis of the data, and providing recommendations for 
improving the quality and management value of future NPDES monitoring efforts. 

Each data set is receiving a quality assurance/quality control review based on reasonableness of data, extreme 
values, relationships among parameters, sampling methods, and a review of the analytical methods. The statistical 
analyses are being conducted at several levels. J:,robability plots are used to identify range, randomness and 
normality. Clustering and principal component a'nalyses are utilized to characterize significant factors affecting the 
data patterns. The master data set is also being evaluated to develop descriptive statistics, such as measures of 
central tendency and standard errors. Regional and climatic differences are being tested, including the influences of 
land use, and the effects of storm size and season, among other factors. The data will be used to develop a method to 
predict expected stormwater'qua!ity for a variety of significant factors and will be used to examine a number of 
preconceptions concerning the characteristics of stormwater, sawpling design decisions, and some basic data 
analysis issues. Some of the issues that are being examined with this data include: the occurrence and magnitude of 
first-flushes, the effects of different sampling methods (the use of grab samplin.g vs. automatic samplers, for '· 
example) on stormwater quality data, trends in stormwater quality with time, the effects of infrequent wrong data in 
large data bases, appropriate methods to handle values that are below aetection limits, the necessary sampling effort 
needed to characterize stormwater quality, for example. This paper describes the data collected to date and presents 

· some preliminary data findings. 

When this National Stormwater Quality Database (NSQD) is completed (populated with most of the NPDES 
storm water monitoring data), the continued routine collection of outfall storm water quality data in the U.S. for basic 
characterization purposes may have limited use. Some communities may have obviously unusual conditions, or 
adequate data may not be available in their region. In these conditions, outfall monitoring may be needed. However, 
storm water monitoring will continue to be needed for other purposes in many areas having, or anticipating, active 
stormwater management programs (especially when supplemented with other biological, physical, and hydrologic 
monitoring components). These new monitoring programs should be designed specifically for additional objectives, 
beyond basic characterization. These objectives may include receiving water assessments to understand local 
problems, source area monitoring to identify critical sources of.stormwater pollutants, treatability tests to verify the 
performance of stormwater controls for local conditions, and assessment monitoring to verify the success of the 
local stormwater management approach (including model calibration and verification). Iri many cases, the resources 
being spent for outfall monitoring could be more effectively spent to better understand many of these other aspects 
of an effective stormwater management program. 

Project Description and Background 
The importance of this project:is based on the scarcity of nationally summarized and accessible data from the 
existing U.S. EPA's NPDES stormwater permit program. There have been some local and regional data summaries, 
but little has been done with nationwide data. A notable exception is the Camp, Dresser, and McGee (CDM) 
national stormwater database (Smullen and Cave 2002) that combined historical Nationwide Urban Runoff Program 
(NURP) (EPA 1983), available urban U.S. Geological survey (USGS), and selected NPDES data. Their main effort 
has been to describe the probability distributions of these data (and corresponding EMCs, the event mean 
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concentrations). They concluded that concentrations for different land uses were not significantly different, so all 
their data were pooled. 

Between 1978 and 1983, the EPA conducted the NURP that examined storm water quality from separate storm 
sewers in different land uses (EPA 1983). This project studied 81 outfalls in 28 communities throughout the U.S. 
and included the monitoring of approximately 2300 storm events. The data was presented for severaliand use 
categories, although most of the information was obtained from residential lands. Since NURP, other important 
studies have been conducted that characterize stormwater. The USGS created a database with more than 1100 
storms from 98 monitoring sites in 20 metropolitan areas. The Federal Highway Administration (FHWA) analyzed 
stormwater runofffrom 31 highways in II states during the 1970s and 1980s (Cave 1995). Strecker (personal 
communication) is also collecting information from highway monitoring as part of a current NCHRP-funded project. 
The city of Austin alsp developed a database having more than 1200 events (Smullen 2003). 

Other regional databases also exist, mostly using local NPDES data. These include the Los Angeles area database, 
the Santa Clara and Alameda County (California) databases, the Oregon Association of Clean Water Agencies 
Database, and the Dallas, Texas, area stormwater database. These regional data are (or will be) included in the 
NSQD national database. However, the USGS or historical NURP data will not be included in the NSQD database 
due to lack of consistent descriptive information for the older drainage areas and because of the age of the data from 
those prior studies. Much of the NURP data is available·in electronic form at the University of Alabama student 
American Water Resources Association web page at: http://www.em!.ua.edu/-awraldownload.htm. The results 
(especially the stormwater characteristic prediction procedures) from these other databases will be compared to 
similar findings from the final analyses using this expanded database to indicate any important differences. 

Outside the U.S., there have •been important efforts to characterize stormwater. In Toronto, Canada, the Toronto 
Area Watershed Management Strategy Study (TAWMS)was conducted during I983 and 1984 and extensively 
monitored industrial stormwater, along with snowmelt in the urban an':a (Pitt and McLean 1986), for example. 
Numerous other investigations in South Africa, the South Pacific, Europe arid Latin America have also been 
conducted over the past 30 years, but no large-scale summaries of that data have been prepared. About 3,500 
international references on stormwater have been reviewed and compiled since 1996 by the Urban Wet Weather 
Flows literature review .team for publication in Water Environment Research (Field, et al. 1997, 1998; O'Connor, et 
al. 1999; Fan, et al. 2000; Clark, et al. 2001, 2001, 2003). An overall compilation of these literature reviews is 
available at: 

http:/ /v-.'w\v .eng. ua. edw'-n1itt/Pu blica tions!Publicati ons. shtmJ 

The reviews include short summaries of the papers and are organized by major topics. Besides journal articles, many 
published conference proceedings are also represented (including the extensive conference proceedings from the 8th • 
International Conference on Urban Storm Drainage held in Sydney, Australia, in 1999, the 91

h International 
Conference on Urban Storm Drainage held in Portland, OR, in 2002, and the Toronto Stormwater and Urban Water 
Systems Modeling conference series, amongst many other specialty conferences). 

The NSQD is unique in that detailed descriptio~s of the test are'as and sampling conditions are also belng collected, 
including aerial photographs and topographic maps that are being obtained from public domain Internet sources. 
Land use information used is as supplied by the communities submitting the data, although aerial photographs and 
maps are also used to help clarifY questions concerning specific development characteristics. Most of the sites have 
homogeneous land uses, although many are mixed. These characteristics are all fully noted in the database. 

Stormwater runoff data from existing NPI>ES permit applications and annual monitoring reports are being collected 
during this project. This project also includes extensive QA/QC (quality assurance/quality control) evaluations of 
these data; and performing statistical analyses and summaries of these data. The final· information will be published 
on the Internet (such as on an EPA OW-OWM, Office of Water and Office of Wastewater Management, site and on 
the Center for Watershed Protection's SMRC, S tormwater Manager's Resources Center, site at: 
http://www.stormwatercenter.net/). Some of the information is currently located at Pitt's teaching and research web 
site at: 

htto:!i\V\v-w.eng.ua.edu/-rpitt!Research/ms4/mainms4.shtml 
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The Phase I NPDES communities included areas with: 

• A stormwater discharge from a MS4 serving a population of250,000 or more (large system), or 
• A stormwater discharge from a MS4 serving a population of 100,000 or more, but less than 250,000 
(medium system). 

More than 200 municipalities, plus numerous additional special districts and governmental agencies were included in 
this program. Part 2 of the NPDES discharge permit application specified that sampling was needed and that the 
following items were to be included in the application: 

• Proposed monitoring program for representative data collection during the term of the permit; 
• Quantitative data from 5 to I 0 representative locations; 
• Estimates of the annual pollutant load and event mea.n concentration {EMC) of system discharges; and 
• Proposed schedule to provide estimates of seasonal pollutant loads and the EMC for certain detected 
constituents during the term of the permit. ,. 

The permit applications were due in 1992 and 1993. For Part 2 of the application, municipalities were to submit grab 
(for certain pollutants having severe holding tim!! restrictions, such as bacteria) and flow-weighted sampling data 
from selected sites (5 to 10 outfalls) fo~ three representative storm events at least one month apart. In addition, the 
municipalities must have also developed programs for future sampling activities that specified sampling locations, 
frequency, pollutants to be analyzed, and sampling equipment. 

Numerous constituents were \o be analyzed, including typical conventional pollutants {TSS, TDS, COD, BOD5, o,il 
and grease, fecal coliforms, fecal strep., pH, Cl, TKN, N03, TP, ~nd P04), plus many heavy metals (including total 
forms of arsenic, chromium, copper, lead, mercury, and zinc, plus others), and numerous listed organic toxicants 
(including PARs, pesticides, and PCBs). Many communities also analyzed samples for filtered forms oftheheavy 
metals. This database currently includes information for about 125 different stormwater quality constituents, 
although the current database is mostly populated With data from 35 of the commonly analyzed pollutants (as 
summarized later in Table 1 ). Therefore, there has been a substantial amount of storm water quality data collected 
during the past 10 years throughout the U.S., although most of these data are not readily available, nor have detailed 
statistical analyses been conducted and presented. 

Data Collection and Analysis Efforts to Date 
As of mid-summer 2003, 3, 770 s~parate events from 66 agencies and municipalities from 17 states have been 
collected and the data entered into NSQD. Figure 1 shows the locations of these municipalities on a national map, 
along with EPA Rain Zones. Excellent national coverage is anticipated, although there will be few municipalities 
from the northern, west-central states of Montana, Wyoming, and North and South Dakota (where cities are 
generally small, and few were included in the Phase I NPDES program). This current database (NSQD, Version 1.1) 
covers areas mostly in the southern, Atlantic, central, and western parts of the US. Anticipated future$roject phases 
will help extend the national coverage. 

Some of the municipalities that have been contacted (and some in which data was received) have information that 
could not be used for various reasons. One of the most common reasons was that the samples had been collected 
from receiving waters (such as Washington state, Nashville, and Chattanooga). Only data from well-described 
stormwater outfall locations are being used for the database. These can be open channel outfalls in completely 
developed areas, but are more commonly conventional outfall pipes. The other major problem is that the sampling 
locations and/or the drainage areas w~re not described. Data with some missing infonnation is being used for now, 
with the intention of obtaining the needed information later. However, there will likely still be some minor data gaps 
that will not be able to be filled. In addition, the list of constituents being monitored has varied for different 
locations. Most areas evaluated the common stonnwater constituents, but few have included organic toxicants. The 
most serious gap is the frequent lack of runoff volume data, although all sites have included rain data. Finally, if all 
the data were collected that was requested, the current project resources will not permit their full utilization, as it 
requires a great deal of time to enter and review this information. About 1 0% of the collected data needed 
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verification during the QA/QC process. If that potentially faulty data remained in the database, spurious statistical 
analyses would have resulted. The collection and review of the data is a necessary first step to facilitate later 
analyses. 

The assembled data was entered into NSQD, including site descriptions (state, municipality, land use components, 
and EPA rain zone), sampling information (date, season, rain depth, runoff depth, sampling method, sample type, 
etc.), and constituent measurements (concentrations, grouped in categories). In addition, more detailed site, 
sampling, and analysis information has been collected for most sampling sites and is also included as supplemental 
information. The reported land use information supplied by the communities is being used, with verification of some 
areas with aerial photographs and maps. In many cases, the sampled watersheds have multiple land uses and those 
designations are included in the database (the database lists the percentages of the drainage as residential, 
commercial, industrial, freeway, institutional, and open space). The final data analyses will consider these mixed 
sites also, especially' for verification for the model development activities, although the following preliminary results 
are only for the homogeneous land use sites. 

Preliminary Summary of U.S. NPDES Phase 1 Storm water Data 
Additional site information is being acquired to complete most of the missing records before the final data analyses. 
The following data and analysis descriptions should therefore be considered preliminary a~d will change with this 
additional data and analyses. However, this pres,~ntation only .uses the most basic and robust analyses for 
preliminary consideration. The final report and data presentations will obviously be much more comprehensive. 

Table 1 is a summary of the Phase 1 data collected arid.entered into the database as of mid-summer 2003. The data 
are separated into 11 land use .categories: residential, commercial, industrial, institutional, freeways, and open space, 
plus mixtures of these land u~es: Summaries are also shown for mixedla11d us.e areas (indicating the most prominent 
land use), andforthe total data set comb:im:d. Only data having at least 50totaJ detected observations and atleast 10 
detected observations perlarid use category ate shown on this table. The full database includes all of the data.ln 
most cases, many more than these minimum numbers are available. The total number of observations and the 
perce~tage;ofobservations above the <;ietection limits are also shown on this summary table. However, some 
constitUents w·ere not monitpred by very rii.any storm\Vater permit holders, and some constituents were mostly all in 
the "not detected" category, and those data are not shown. As an example, filtered heavy metal observations, and 
especially organic analyses, have many fewer deteCted values than other constituents. 

The total number of in~ividual events in.cluded in the database is 3,770, with most in the residential category (1 ,069 
events). For most common constituents, detectable values are available for almost all monitored events. The median 
and coefficientofvariation (COV)values are only for those data having d~tectable concentrations. If the non
detected results were used in these calculations, extreme biases would invalidate many of the calculations. The final 
analyses will further examine issues associated with different detection limits, multiple laboratories, and varying 
analytical methods on the· reported results and statistical analyses. Burton and Pitt (2002), and the many included 
references in that book, .contains further .discussions on these important issues. 

5 



Figure 1. Communities from which data has been obtained and en~ered in the NSQD, along with EPA Rain 
Zones. 

Table 2 is a summary of methylene chloride and.bis(2-ethylhexyl) phthalate, the most commonly reported and 
detected organic constituents. There were up to several hundred events that included P AH and pesticide data. The 
percentage of samples that had observable condmtrations of these constituents ranged from 15 to 35%, about the 
same detection rate as in previous stormwater investigations, such as Pitt, e.t al. 1995. 

Statistical analyses are being conducted in stages. Probability plots were used to identify range, randomness, and 
normality. Figure 2 is an example oflog-nortnal probability plots for some of the constituents and for all data 
pooled. Probability plots shown as straight lines indicate that the concentrations can be represented by log-normal 
distributions. This is important as it indicates that data transformations, or the use of nonparametric statistical 
analyses, will be needed. Plots with obvious discontinuities imp.ly that multiple data populations may ..be included. 
The future analyses will identify the significance of these different data categories {such as land use; region, and 
season). 
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Table 1. Summary•of Available StormWaterData Included in NSQD, version 1.1 
Cond. 

Area Precip. Runoff (uS/em 
Hardness Oil and 
(mg/L Grease Temp. TDS TSS BOD5 COD 

(acres) % lmpen~ .. Dep!ll_(in) ~tll(inL@~!i"<d CaC03) · (mg/L) pH (C) (mg/L) {1119ii..L (mg/L} (mg/L} 

, Overall Summary (37.65) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation·, 

Residential (1081) 

Number of observations' 

% of samples above detection 

Median 

Coefficient of variation 

Mixed Residential (615) 

Number of observations 

% of samples above dehiction 

Median 

Coefficient of variation 

Commercial (503} 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation: 

Mixed Commercial (311) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation 

Industrial (525) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation 

3759 

100 

57.0 

3.7 

1077 

100 

57.3 

4.7 

617 

' 100 

150.8 

2.1 

503 

100 

38.8 

1.2 

311 

100 

49.0' 

2.1 

2202 

100 

53.0. 

0.4 

658 

100 

37.0 

0.4 

281 

100 

44.9 

0.3 

264 

100 

83.0 

0.1 

238 

100 

60.0 

0.3 

525 . 320 . \ 
100 100 

39.0 75.0 

1.6 0.3 

3186 

100 

0.47 

1.0 

915 

100 

0.46 

1.0 

441 

100 

0.54 

0.8 

421 

100 

0.39 

.1.0 

284 

100 

0.47 

1.0 

438 

100 

0.49 

1.0 

1454 

100 

0.18 

2.0 

422 

100 

0.11 

1.9 

216 

100 

0.18 

1.4 

135 

100 

0.23 

1.2 

109 

100 

0.~4 

1.1 

2012 

100 

0.14 

2.7 

. 685 

100 

121 

1.6 

106 

100 

96.5 

1.5 

105 

100 

112 

1.2 

66 

100 

119 

1.0 

44 

100 

101 

0.6 

108 

100 

136 

1.3 

1082 

98.7 

38.0 

1.4 

250 

100 

32.0 

. 1:0 

157 

98.1 

39.7 

1.2 

139 

100 

38:9 

1.1 

88 

98.9 

35.0 

1.8 

138 

96.4 

39.0 

1.5 

1834 

66.1 

4.3 

9.7 

533 

57.8 

3.9 

7.7 

1665 

100 

7.50 

0.1 

325 

100 

7.3 

0.1 

258'" 322 

68.2 100 

4.4 7.50 

2.4 0.1 

308 171 

70.8 

4.7 

3.2 

.122 

82,0 

5.0 

2.9 

327 

65.1 

5.0 

12.0 

100 

7.30 

0.1 

143 

100 

7.60 

0.1 

234 

100 

7.50 

0.1 

861 

100 

16.5 

0.4 

205 

100 

16.4 

0.4 

141 

100 

16.0 

0.3 

79 

100 

16.0 

0.4 

84 

100 

14.7 

0.4 

140 

100 

17.9 

0.3 

2957 

99.3 

80 

3.4 

861 

99.2 

72.0 

1.1 

471 

99.2 

86 

5.2 

399 

99.5 

74 

1.9 

256 

99.6 

70 

1:9 

413 

99.5 

92 

3.6 

3390 

98.8 

58 

1.8 

991 

98.6 

49 

1.8 

585 

98.8 

68 

1.6 

458 

98.3 

42 

2.0 

288 

99.7 

54 

1.4 

428 

99.1 

78 

1.5 

3105 

96.2 

8.6 

7.4 

941 

97.6 

9 

1.5 

558 

94.3 

7.6 

1.3 

432 

97.5 

11.0 

1.1 

268 

98.9 

9.25 

1.7 

406 

95.3 

9 

9.6 

2751 

98.4 

53 

1.1 

796 

98.9 

55 

0.93 

445 

99.3 

42 

1.2 

373 

98.4 

60 

1.0 

258 

99.6 

60 

1.0 

362 

98.9 

60 

1.2 

) 
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Table 1. Summary of Available Stormwater Data Included in NSQD, version 1.1 (continued) 

, Mixed Industrial (251} 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation 

Institutional (18) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variatipn 

Freeways (185) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation 

Mixed Freeways (20) 

Number of observations 

%of samples above detection 

Median 

Coefficient of variation 

Open Space (49) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation 

Mixed Open Space (189) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation 

Cond. Hardness Oil and 
Area Precip. Runoff (uS/em · · (ing/L Grease Temp. TDS TSS BOD5 COD 

(acres) % lmperv. Depth (in) Depth (in) @2!j•C) u~CaC03)_ {lllgLI..L_pH (C) __ {_lJ1g{L) __ (tng/L}_ (mg/L) (mgll} 

251 

100 

127.7 

2.0 

18 

100 

36.0 

0 

185 

100 

1.6 

1.4 

20 

100 

63.1 

0.3 

49 

100 

85 
1.5 

189 

100 

115.4 

0.9 

'\ 

133 

100 

44.0 

0.3 

18 

100 

45.0 

0 

154 

100 

80.0 

0.13 

37 

100 

2.0 

1.0 

97 

100 

34.0 

0.2 

226 

100 

0.45 

0.8 

17 

100 

0.18 

0.9 

182 

100 

0.54 

1.1 

20 

100 

0.68 

0.6 

41 

100 

0.52 

1.2 

188 

100 

0.43 

0.9 

117 

100 

0.29 

1 .. 2 

14 

100 

0.00 

2.1 

144 

100 

0.41 

1.7 

11 

100 

0.05 

1.4 

81 

100 

0.16 

1.2 

57 

100 

111 

0.8 

86 

100 

99 

1.0 

13 

100 

418 

0.6 

2 

100 

113 

0.5 

83 

100 

204 

1.7 

83 

94.0 

33.0 

0.5 

127 

100 

34.0 

1.9 

12 

100 

83 

0.3 

8 

100 

150 

0.6 

70 

100 

64.2 

1.3 

80 

77.5 

4.75 

1.9 

179 

100 

7.70 

0.1 

70 

100 

18.1 

0.4 

so·" 111 31 

71.7 100 100 

8.0 7.10 14.0 

0.6 0.1 ·0.4 

15 19 19 

100 100 t 100 

4.0 7.80 16.0 

1.6 0;06 0.3 

19 

36.8 

1.3 

0.7 

96 

62.5 

6.0 

1.6 

19 

100 

7.70 

0.08 

128 

100 

7.9 

0.07 

2 

100 

14.6 

0.7 

76 

100 

16.0 

0.3 

222 

99.6 

80 

0.8 

18 

100 

52.5 

0.7 

97 

99.0 

77.5 

0.8 

17 

100 

174 

0.4 

45 

97.8 

125 

0.7 

148 

99.3 

109 

2.2 

243 

100 

82 

1.4 

18 

94.4 

17 

0.83 

219 

95.4 

7.2 

1.7 

18 

88.9 

8.5 

0.7 

134 26 

99.3 84.6 

99· 8 

2.6 1.3 

17 17 

100 100.0 

81 7.4 

1.2 0.7 

44 

95.5 

48.5 

1.5 

174 

97.7 

83.5 

1.51 

44 

86.4 

5.4 

0.7 

166 

95.2 

6.0 

2.5 

217 

98.6 

40.4 

1.1 

18 

88.9 

50 

0.9 

67 

98.5 

100 

1.1 

17 

100.0 

48 

0.5 

43 

76.74 

42.1 

1.5 

145 

96.6 

34 

1.6 

8 
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Table 1. Summary of Available Stormwater Data Included in NSQD, version 1.1 (continued) 

· Overall Summary (3765) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation 

Residential (1069) -

Number of observatiorls 

%of samples above detection 

Median 

Coefficient of variation 

Mixed Residential (615) 

Number of observations . 

% of samples above detection 

Median 

Coefficient of variation • 

Commercial (497) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation • 

Mixed Commercial (303) 

Number of observation's 

% of samples above detection 

Median 

Coefficient of variation, 

Industrial (524) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation 

Fecal Fecal Total Total E. Nitrogen, 
Coliform Strep. Coliform Coli Total Phos., Phos., As, 
(mpn/100 (mpn/100 (mpn/10 (mpn/100 N02+N03 Kjeldahl filtered total Sb, total As, total filtered Be, total 
ml) J11hLn 0 mll___l!ll.L _____ NH3 (mg/Ltirt!g/1.) (mg/L) (mg/L) (mg/L) (ug/L) (ugLL..)_ (ug/L) (ug/L) 

1704 

91.2 

5091 

4.61 

446 

88.3 

8345 

5.0 

313 

94.9 

11000 

3.3 

233 

88.0 

4300 

2.8 

109 

94.5 

4980 

3.3 

1141 83 

94.0 90.4 

17000 12000 

. 3.8 2.4 

305 

89.5 

24600 

1.8 

156 

98.1 

26000 

2.2 

181 

91.7 

10285 

2.7 

88 

98.9 

11000 

2.8 

26 

84.6 

5667 

1.31 

297 '\ 195 

87.9 93.9 

2500 13000 

5.6 6.9 

67 

95.5 

1750 

2.3 

14 

100 

700 

1.6 

11 

90.9 

1050 

2.1 

1909 

71.7 

0.44 

1.4 

595 

81.5 

0.32 

1.1 

259 

57.9 

0.39 

1.6, 

299 

83.3 

0.50 

1.2 

170 

68.2 

0.60 

1.0 

254 

85.8 

0.50 

1.2 

3076 

97.3 

0.6 

1.1 

927 

97.4 

0.6 

1.1 

535 

98.1 

0.6 

.0.8 

425 

98.1 

0.6 

1.1 

275 

96.7 

0.58 

0.7 

418 

96.2 

0.73 

0.9 

3192 

95.6 

1.4 

1.3 

7 

96.8 

1.4 

1.1 

525 

.95.1 

1.35 

1.8 

·" 

449 

97.3 

1.6 

0.9 

267 

96.3 

1.39 

0.9 

440 

95.9 

1.4 

1.2 

2477 

85.1 

0.13 

1.6 

738 

84.2 

0.17 

0.9 

410 

82.4 

0.12 

1.1 

323 
' 81.1 

0.11 

1.2 

223 

93.3 

0.12 

2.1 

325 

87.1 

0.11 

1.2 

3285 874 

96.6 ,· 7.2 

0.27 3.0 

1.5 1.7 

963 

96.9 

0.30 

1.1 

556 

96.2 

0.27 

1.7 

446 

95.7 

0.22 

1.2 

281 

98.6 

0.26 

1.5 

434 

96.3 

0.26 

1.4 

80 

12.5 

15.0 

1.0 

164 

14.6 

3.7 

1.4 

1507 

49.9 

3.0 

2.6 

426 

42.0 

3.0 

2.2 

179 

65.9 

3.0 

4.2 

213 

32.9 

2.4 

3.0 

131 

48.1 

2.0 

1.0 

267 

54.3 

4.0 

1.4 

210 

27.1 

1.5 

1.0 

947 

7.7 

0.4-

2.5 

301 

7.31 

0.5 

2.5 

91 

12.1 

0.3 

2.7 

209 

10.5 

0.39 

2.5 
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Table 1. Summary bf Available Stormwater Data Included in NSQD Database, versioi11.1 (continued) 
Fecal Fecal Total Total E. Nitrogen, 
Coliform Strep. Coliform Coli Total Phos., Phos., As, 
(mpn/100 (mpn/100 (mpn/10 (mpnf100 N02+N03 Kjeldahl filtered total Sb, total As, total filtered Be, total 
ml) .ml) Oml) ml) NH3 (mg/L) (rng/L} (mg/L) (mg/L) (mg/L) (ug/L) (ug/L) (ug/(_)_ (ug/L) 

' 
· Mixed Industrial (252) 

Number of observations 115 70 39 125 213 196 215 217 101 

% of samples above detection 95.7 97.1 89.7 31.2 98.6 93.9 87.0 96.3. 86.1 

Median 3033 10000 16000 0.43 0.57 1.0 0.08 0.20 3.0 

Coefficient of variation 2.5 2.6 2.4 0.7 0.7 1.5 2.2 1.5 0.9 

Institutional (18) 

Number of observations 18 18 18 17 17 

% of samples above detection 88.9 100 100 82.4 94.1 

Median 0.31 0.6 1.35 0.13 0.18 
~· 

Coefficient of variation 0.5 0.6 0.5 0.5 1.0 
ll• Freeways (185) ·" 
~~ Number of observations 49 25 16 13 79 25 125 22 128 61 72 
~!il 
0~) % of samples above detection 100 100 100 100 87.3 96.0 96.8 95.5 99.2 55.7 50.0 

Ull Median 1700 17000 50000 1900 1.07 0.28 2.0 0.20 0.25 2.4 1.4 

a~ Coefficient of variation. 2.0 1.2 1.5 2.2 1.3 1.2 1.4 2.1 1.8 0.7 2.0 
,,;) Mixed Freeways (20) 

Number of observations 16 12 14 16 13 14 15 
·: 

%of samples above.detection 81.3 93.8 100 100 100 100 80 

Median 730 19000 0.6 1.6 0.04 0.26 3.0 

Coefficient of variation 2.0 1.1 0.7 0.9 0.8 0.8 0.7 

Open Space (68) 

Number of observations 23 22 32 44 45 44 46 19 

% of samples above detection 91.3 90.9 18.8 84.1 71.1 79.6 84.8 31.6 

Median 7200 24900 0.18 0.59 0.74 0.13 0.31 4.0 

Coefficient of variation 1.1 1.0 1.24 0.9 0.9 0.9 3.5 0.4 

Mixed Open Space (159) 

Number of observations 95 '\ 75 71 172 144 148 173 88 

% of samples above detection 97.9 100 22.5 97.7 91.0 85.8 96.5 44.3 

Median 2600 21000 0.51 0.7 1.12 0.09 0.27 3.0 

Coefficient of variation 2c3 2.4 1.2 0.8 1.3 . 1.1 1.0 0.9 

10 
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Table 1. Summary of Available Stormwater Data Included in NSQD, version 1.1 (continued) 
. . Ni, Zn, 

, Overall Summary (37G5) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation, 

Residential (1069) 

Number of observations\ 

% of samples above detection 

Median 

Coefficient of variation. 

Mixed Residential {615) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation. 

Commercial (497) 

Number of observations 

% of samples above detection 

Median 

Coefficient 'of variation 

Mixed Commercial (3'03) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation 

Industrial (524) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation· 

Cd, total Cd, filtered .Cr, total Cr, filtered Cu, total -Cu, filtered·Pb, total Pb; filtered Hg, total Ni, total filtered Zn, total filtererd 
(ug/L) (ug/L) (ug/L)_"__(li9/LJ ___ ju!JlL)_ (ug/L) (uglL) (ug/L) __ [u_g/ll__ill9ill __ (ug/L) (uglL) (ug/L) 

2575 

40:8 

1.0 

.3.7 

723 

30.3 

0.5 

3.4 

432 

39.6 

.. 0.8 

3.9 

358 

43.0 

0.89 

2.7 

178 

48.3 

0.9 

1.1 

395 

49.4 

2.0 

2.3 

'\ 

389 

30.3 

0.50 

1.1 

30 

40.0 

0.30 

0.6 

47 

23.4 

0.30 

1.34 

30 

40.0 

0.40 

0.8 

42 

54.8 

0.60 

1.1 

1599 

70.2 

7.0. 

1.5 

435 

55.4 

4.6 

1.4 

187 

81.3 

7.0 

1.5 

235 

58.7 

6.0 

0.9 

124 

87.9 

5.0 

1.1 

256 

72.7 

14.0 

1.2 

261 

60.5 

2.1 

0.7 

21 

52.4 

2.0 

0.8 

27 

40.7 

2.0 

0.6 

22 

72.7 

2.5 

0.7 

36 

55.6 

3.0 

0.7 

2724 

87.4 

16 

2.2 

799 

83.6 

12 

1.8 

448 

84.4 

17 

1.1 

387 

!;12.8 

17 

1.5 

182 

93.4 

17 I 

2.9 

416 

89.9 

22 

2.0 

411 

83 

8.0 

1.6 

90 

63.3 

7.0 

2.0 

29 

72.4 

5.5 

0.9 

48 

79.2 

7.57 

0.8 

30 

83.3 

10 

0.6 

42. 

90.5 

8.0 

0 .. 7 

2950 

77.7. 

17.0 

1.8 

788 

71.3 

12.0 

1.9 

516'~ 

79.7 

18.0 

1.4 

377 

85.4 

18.0 

1.6 

235 

87.7 

17.0 

1.5 

412 

76.5 

25.0 

1.8 

446 

49.8 

3.0 

2.0 

108 

33.3 

3.0 

1.9 

30 

46.7 

3.0 

0.7 

59 

52.§ 

5.0 

1.6 

30 

70.0 

5.25 

0.7 

51 

52.9 

5.0 

1.6 

1014 1431 

10.2 59.8 

0:20' 8.0 

2.5 1.2 

297 

7.41 

0.20 

0.9 

106 

14.2 

0.20 

0.9 

160 

6.9 

0.20 

0.8 

211 

12.8 

0.20 

2.7 

419 

45.4 

5.4 

1.2 

136 

62.5 

7.9 

0.8 

232 

59.5 

7.0 

1.2 

98 

80.6 

5.0 

1.3 

250 

62.4 

16.0 

1.0 

246 

64.2 

4.0 

1.5 

25 

44.0 

2.0 

0.5 

25 

72.0 

5.5 

0.9 

23 

47.8 

3.0 

0.8 

21· 

76.2 

3.0 

0.6 

36 

58.3 

5.0 

1.4 

3008 

96.6 

117 

3.3 

810 

96.4 

73 

1.3 

.531 

92.7 

99.5. 

1.0 

392 

99.0 

150 

1.2 

234 

98.7 

135 

1.7 

433 

98.6 

210 

2.3 

382 

96.1 

52 

3.9 

88 

89.6 

31.5 

0.8 

28 

100 

48 

0.9 

49 

100 

59 

1.4 

28 

100 

92 

0.7 

42 

95.2 

112 

3.6 

11 
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Table 1. Summary·of Available Stormwater Data Included in NSQD, version 1.1 (continued) 
Ni, Zn, 

Cd, total Cd, filtered Cr, total Cr, filtered Cu, total. Cu, filtered Pb, total Pb, filterei:l Hg, total Ni, total filtered Zn, total filtererd 
(ug/L} (ug/L) {ug/L)i (ug/L) (ug/L} (ug/L) (ug/L) {ug/L} {ug/L) .{ug/1} (ug/L) (ug/L) (ug/L) 

Mixed Industrial (252) 

Number of observations 182 25 124 15 183 24 246 25 65 82 15 245 24 

% of samples above detection 49.5 92.0 91.1 66.7 85.8 100.0 78.1 92.0 21.5 85.4 100.0 98.8 95.8 

Median 1.6 0.60 8.0 2.0 18 6.0 20.0 5.0 0.25' 9.0 5.0 160 2100 

Coefficient of variation 1.91 0.6 1.7 0.7 0.9 0.6 1.4 1.0 0.6 0.9 0.6 3.3 1.2 

Institutional (18) 

Number of observations 18 18 

% of samples above detection 77.8 100 

Median 5.75 305 

Coefficient of variati.on 0.8 0.8 

j~ Freeways (185) 

~~, Number of observations 95 114 76 101 97 130 107'"" 126 99 95 93 105 

t~i) % of samples above detection 71.6 26.3 98.7 78.2 99.0 99.2 100 50.0 89.9 67.4 96.8 99.1 

em Median 1.0 0.68 8.3 2.3 34.7 10.9 25 1.8. 9.0 4.0 200 51 

till Coefficient of variation 0.9 1.0 0.7 0.7 1.0 1.5 1.5 1.7 0.9 1.4 1.0 1.9 
Cl1l Mixed Freeways (20) 
J,:~ 

Number of observations 15 15 17 17 17 

% of samples above detection 80 100 '94 82 100 

Median 0.5 6.0 8.5 10.0 90 

Coefficient of variation 0.7 1.1 1.1 0.9 0.9 

Open Space (68) 

Number of observations 38 36 39 45 45 

% of samples above detection 55'.3 36.1 74.4 42.2 71.1 

Median 0.38 5.4 10 10.0 40 

Coefficient of variation 1.9 1.7 2.0 1.7 1.3 

Mixed Open Space (159) 

Number of observations 128 88 126 176 51 177 

% of samples above detection 
'\ 

16.4 81.8 91.3 66.5 72.6 98.3 

Median 2.0 6.0 10 10 8.0 88.0 

Coefficient of variation 1.4 1.3 1.5 2.3 1.1 1.1 
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Figure 2. Log-normal probability plots of stormwater quality data for selected constituents. 
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Table 2. Summary of Selected Organic Information in NSQD, version 1.0 

Bls(2· 
Methylene· ethylhexyl) 

chloride (!!giL) [!hthalate (l:!g/L} 
All Data Combined 

Number of observations 251 250 

% of samples above detection 36 30 

Median of detected values 11.2 9.5 

Coefficient of variation 0.77 1.13 

Simple Data R.elationships 
The master data set will also be evaluated to develop descriptive statistics, such as measures of central tendency and 
standard errors. The runoff data will then be evaluated to determine which-factors have a strong influence on event 
mean concentrations, including sampling methods. Tests for regional and climatic differences will be conducted, 
including the influences of land use and the effe~ts of storm size, among other factors. Figure 3 includes example 
scatter plots of COD vs. BOD5, ammonia vs. TK'N, filtered coppervs. total copper, and filtered zinc vs. total zinc, 
illustr!).ting close relationships between these pairings, as expected. · 

Figure 4 shows scatter plots of suspended solids, phosphorus, fecal coliforms, and total zinc concentrations for 
different rain depths. Little variation oftl1ese concentrations wjth rain depth are seen when all of the data are 
combined, implying little lijcelibooi:l of important "first-flush" effects at stormwater.outfalllocations. If a first-flush 
was evident, one would expect higher concentrations associated with smaller rain depths (see Maestre, eta/. 2003 
for !Tiore detailed analyses offirsHlush.effects using the NSQD database information). A simple plot of COD 
concentrations vs. percentage imperviousness ofthe drainage area (Figure 5) doesn't indicate any ·obvious trends. 
Each vertical set of observations represent a single monitoring location (all of the events at a single location have the 
same percent imperviousness). The variation of COD at any one monitoring location is seen to vaty greatly, 
typically by apout an order of magnitude. These large V!).riations will make trends difficult to identify. All of the 
lowest percentage imperviousness sites are open space land uses, while all of the highest percentage imperiousness 
sites are freeway and commercial land uses. As indicated below in Figure 6, many of the constituents have 
significant concentration differences by land uses. Therefore, it is expected that tpese other constituents will show an 
obvious trend because of the strong correlation between percentage imperv.iousness and land use. In addition, 
currently there is little data in the NSQD showing how the impervious areas are connected to the drainage systems. 
Some historical data shows much smailer concentrations (and especially yields) for areas that are drained by grass 
swales compared to concrete curbs and gutters. With this additional information, the imperviousness data can be 
adjusted ("effective" imperviousness is commonly used to designate directly connected paved areas) to potentially 
identify more obvious data trends. 

Figure 6 contains examples of grouped \)ox and. whisker plots f~r several constituents for different maJ~r land use 
categories. The TKN, plus copper, lead, and zinc observations are lowest for open spa,ce areas, while the freeway 
locations generally had the highest median values, except for-phosphorus, nitrates, fecal coliforms, and zinc. The 
industrial sites had the highest reported zinc concentrations. Preliminary statistical ANOV A analyses for all land use 
categories (using SYSTAT) found significant differences for land use categories for all pollutants. The final 
analyses will further investigate this impqrtant finding and will also examine possible confounding factors. 

The seasonal variations for the example residential data shown in Figure 7 are not as obvious, except that the 
bacteria values appear to be lowest during the winter season and highest during the summer and fall (a similar 
conclusion was obtained during the NURP, EPA 1983, data evaluations). The database does not contain any 
snowmelt data, so all of the data corresponds to rain-related runoff. 

Figure 8 presents example plots for selected residential area data for different EPA rain zones for the country. Zones 
3 and 7 (the wettest areas of the country) had the lowest concentrations for most of the constituents. 
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Figure 6. Example stormwater data sorted by land use (no 111ixed land use data included in plots) (continued). 
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Figure 8. Example residential area stormwater pollutant concentrations sorted by geographical area. 

---

We are also examining trends of concentrations with. time. A classical example would,be for lead, which is expected 
to decrease over time with the increased use ofunleaded gasoline. Older stormwater samples from the 1970s 
typically have had lead concentrations of about l 00 11g/L, or higher, while most current data indicate concentrations 
in the range of 1 to 10 11g1L. Figure 9 shows a plot of lead concentrations for residential areas only (in rain zone 2), 
for the time period from 1991 to 2002. Tli1s preliminary plot shows likely decreasing lead concentrations with time. 
Statistically however, the trencLline is,not significant due to the large variation in observed concentrations (p=0.41; 
there is insufficient data to show that the sippe term is significantly different from zero). The similar COD 
concentrations in Figure 9 also have an apparent downward trend with time, but again, the slope term is not 
significant (p=O.l2). 
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Figure 9. Residential lead and COD concentrations with time (EPA Rain Zone 2 data only). 

As part of their MS4 phase 1 applications, Denver and Milwaukee both returned to some of their earlier sampled 
monitoring stations used during the local NURP projects. In the time between the early 1980s (NURP) and the early 
1990s (MS4), they did not detect any significant differences, except for large decreases in lead concentrations. 
Figure 10 compares suspended solids, copper, lead, and zinc concentrations at the Wood Center NURP monitoring 
site in Milwaukee. The average site concentrations remained the same, except for lead, which decreased from about 
450 down to about 110 ).lg/L. ,), 

.,, 
' 
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Figure 0. Comparison of poflu~!'lnt conce . during NURP (1981) to MS4 application data 
(1990) at the same location (personal communication, Roger !3anne.rman, WI DNR). 

Similar comparisons were made in the Denyer Metropolitan area by the Urban Drainage and Flood Control District. 
Table 3 compares stormwater quality for commercial and residential areasfor 1980/91 (NURP) and 1992/93 (MS4 
application). Although there was an apparent difference in the averages of the event concentrations between the 
sampling dates, they concluded that the differences were all within the normal range of stormwater quality 
variations, except for lead, which decreased by about a factor of four. 
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Table 3. Comparison of Commercial and Residential Stormwater Runoff Quality from 1980/81 to 1992/93 
(Urban Drainage District, Flood Hazard News, Dec 1993.) 

Constituent 
Total suspended solids (mg/L) 
Total nitrogen (mg/L) 
Nitrate plus nitrite (mg/L) 
Total phosphorus (mg/L) 
Dissolved phosphorus (mg/L) 
Copper, total recoverable (~g/L) 
Lead, total recoverable (J.Jg/L) 
Zinc, total recoverable (~g/L) 

Commercial 
1980/81 1992/93 

251 165 
3.0 3.9 
0.80 1.4 
0.46 0.34 
0.15 0.15 
27 81 
200 59 
220 290 

Residential 
1980/82 1992/93 

226 325 
3.2 4.7 
0.61 0.92 
0.61 0.87 
0.22 0.24 
28 31 
190 53 
180 180 

Example StatistiCal Analyses of Data Comparing First Flush and Composite Sample 
Concentrations 
As part of their NPDES storm water permit, some communities collected grab samples during the first 3 0 minutes of 
the event to evaluate a "first flush" in contrast to the flow-weighted composite data. More than 400 paired samples 
representing· the first flush and composite samples from eight communities (mostly located in the southeast U.S.) 
from NSQD were reviewed. Box and probll,bility plots were prepared for 22 major constituents. Nonparametric 
statistical analyses were then used to measure th,e differences be.tween the sample sets. This discussion summa~izes 
the results of this preliminary analysis, including the. effects of storm size and land use on the presence and 
importance of first flushes. Only concentration data were available for these analyses, so traditional accumulative 
mass curves could not be developed. 

First :flush refers to an assumed elevated load .of pollutants discharged in the first part of a runoff event. First flush 
has been observed more in small catchments tliarf in large catchments (Thompson, et al. 1995; WEF mid ASCE 
1998). In large catchments (> 162 ha, or >400 acres) the highest concentrations have been observed at the times of 
flow peak (Soeur, eta!. I 994; Brown, eta!. I 995). The presence of a first flush has been reported to be associated 
with runoff duration by the City of Austin, TX (Swietlik, eta!. 1995). An observed first flush may be present for 
some pollutants, but not others (Ellis 1986; Adams 2000). Adams (2000) and Deletic (1998) both concluded that the 
presence of a first flush depends on numerous site and rainfall characteristics. 

It is expected that peak concentrations generally occur during periods of peak flow (and highest rain energy). On 
relatively small paved areas, however, it is likely that there will always be a short period of relatively high 
concentrations associated with washing off of the inost avaifilble material nea:r the beginning ofthe runoff event (Pitt 
1987). This peak period of high concentrations may be overwhelmed by periods of high rain intensity that may 
occur later in the event. In addition, in more complex drainage areas; the routing of these short periods of peak 
concentrations may blend with larger flows .and may not be noticeable. A first flush in a separate storm drainage 
system is therefore most likely to be seen if a rain occurs at relatively constant intensity over a paved area having a 
simple and small drainage system. 

A total of 417 storm events with paired first flushand composite storm samples were available from the NSQD. The . . ~ 

majority of the events were located in North Carolina (76.2%), but some events were also from Alabama (3.1 %), 
Kentucky (13.9%) and Kansas (6.7%). All of the data were from end-of pipe samplesin separate storm drainage 
systems. 

The initial analyses were used to select the constituents and land uses that meet the requirements of the statistical 
comparison tests. Probability plots, box plots, concentration vs. precipitation, and standard descriptive statistics, 
were performed for 22 constituents for each land use, and for all land uses combined. Nonparametric statistical 
analyses were performed after -the initial analyses. Mann Whitney and Fligner Policello tests were most commonly 
used. Minitab and Systat statistical progran:is, along with Word and Excel macros, were used for the analyses. 

The Mann-Whitney and Fligner-Policello non-parametric tests were selected to determine if there were statistically 
significant differences between the first flush and composite data sets for each land use and constituent. These tests 
are very useful because they require only data symmetry, not normality, to evaluate the hypothesis. The null . 
hypothesis during the analysis was that the median concentrations of the first flush and composite data sets were the 

. same. The alternative hypothesis was that the medians were different, with a confidence of at least 95%. 
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A complete description of these analyses is presented in Maestre, et al. (2004). Table 4 summarizes the results of the 
analysis. The">" sign indicates that the median of the first flush data set is higher than for the composite stonn data 
set. The "=" sign indicates that the there is not enough information to reject the null hypothesis. Events without 
enough data for the analyses are represented with an "X". Also shown on this table are the ratios of the medians of 
the first flush and the composite data sets for each constituent and land use. The first flush samples were larger than 
for the composite samples if the ratio is great than one. Generally, a statistically significant first flush is associated 
with a median concentration ratio of about 1.4, or greater (the exceptions occurred when the number of samples in a 
specific category is small). The largest. significant ratios are about 2.5, indicating that the first flush concentrations 
may be about 2.5 times greater than the composite concentrations. More of the larger ratios are found in the 
commercial and institutional land use categories, areas where larger paved areas are likely to be found. The smallest 
ratios are associated with the residential, industrial, and open space land uses, locations where there may be larger 
areas of unpaved surfaces. 

Results indicate that for 55% of the evaluated cases, the medians of the first flush data sets were significantly larger 
than for the composite sample sets. In the remaining 45% of the cases, both medians were expected to be the same, 
or the concentrations were possibly greater later in the events. About 70% of the constituents in the commercial land 
use category had first-flushes, while about 60% of the cqnstituents in the residential, institutional and the mixed 
(mostly commercial and residential) land use categories had first flushes, and about 45% of the constituents in the 
industrial land use category had first-flushes. In l<:ontrast, no constituents were found to have first-flushes in the open 
space category. 

COD, BOD5, TDS, TKN, and Zn all had first flushes in all areas (except for the open space category). In contrast, 
turbidity, pH, fecal coliform~, fecal str:ep., total N, dissolved and ortho-P never showed a statistically signific11nt first 
flush in any category. The conflict with TKN and total N implies that there may be some other factors involyed in 
the identification of first flushes besides lanci use. If additional paired data become available during later project 
periods, it may be possible to extend these analyses to consider rain effects, drainage area, and geographical 
location. "'" 

Tab le 4. Presence of Significant First Flushes (ratio of first flush to COJ'l!~Osite median concentration!tl 
. . 

Parameter Commercial Industrial Institutional Open Residential All Combined Space 
Turbidity = 1.32) X X X -' (1.241 -' (1.26) 
pH 1.03 = (1.00) X X. - 1.01 -'(1.01) 
COD > 2.29 > (1.43) > 2.73 = 0,67) > 1.63 >{H1l 
TSS > 1.85. -' (0.97) > 2.12 = 0.9~ > 1.84 > J.1.6Ql 
BODs > (1.77 > (1.58) > 1.67 = 1.07) > 1.67 > 1.67 
TDS > (1.82 > (1.32) :> 2.66 = 1.07} > 1.52 > 1.55 
O&G > (1.54 X X X = (2.05 > 1.60 
Fecal Coliform = (0.87 X X X ..:: (0.98 - 1.21 
Fecal Strep. = (1.05 X X X -J_1.30 - 1.1.1 
Alilmbnia > 2.11. - 1.08 > (1.66) . X > (1.36) .>. 1.54 
N02 NOa > 1.7.3 > 1.3.1 > (1.70) = (0.96) > (.1.66)_ > 1.50 
Total N = 1.35 - 1;79 X = (1.53) - (0.88) - 1.22 
TKN > 1.71) > t.35 X = (1.28) > (1.65) > 1.60 
Total P > 1.44) - 1.42 = 1.24) = 1.05J > .11.46 > 1.45 
P Dissolved = (1.23) = 1.04) - (1:05) = (0.69) > (1.24) -' (1.07 
Phosphate Ortho X = 1.55) X X -(0.95)_ -' J.1.30 
Cd > (2.15) :;, 1.00) X = (1.3Q) > (2.00) > (1.62) 
Cr > 1.67) = 1.36) X = (1.70) = (1.24) > (1.47) . 
Cu __ > 1:.62) > 1.24) = 0.94) ..:(0.781 >_11.33 > _(_1.331 
Pb > (1;65) > . .(1.41) > (2.28) = (0.90) :> (1.48) ;> (1.50) 
Ni > (2.40) = (1.00) X X - (1.20) > (1.50) 
Zn > (1.92) > 1.540 > 2.48) = (1.25J > 1.5!ll_ > J.1.59}_ 
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Modeling Building using the NSQD 
As indicated earlier, an important objective of the NSQD is to develop a predictive tool to enable stormwater 
managers to determine the likely storm water quality for their area. In many cases, adequate data may be available in 
the NSQD to fit their situation. However, it is also expected that some will need to establish a local monitoring 
program to obtain reliable estimates of their stormwater quality. The next subsection provides some monitoring 
guidance for this situation, while this subsection presents an example of the model building process that we are 
currently using. 

Factors Potentially Affecting Stormwater Poflutant Concentrations 
The database contains information for the monitored watersheds, along with the outfall runoff quality. Each sample 
is labeled with the laRd use, season, geographical area, percent imperviousness, rain amount, and many other 
attributes in the database. The first phase of the NSQD project focused on the mid Atlantic and Gulf coast areas, 
although additional data has been collected for other locations. About 54% of the existing data in the database is 
from communities locatedin Maryland, Virginia, Pennsylvania, North Carolina, Kentucky and Tennessee. The 
following factors may affect the reported stormwater pollutant concentrations: 

• Landuse: All of the watershed areas were separated into residential, commercial, industrial, open space 
and freeway land uses. Data are also ayailable from mixed landuse areas which will be used later to verify 
the prediction methods. 

• EPA RainZone: As shown in Figure l, the country is divided in 9 rain/climatic regions representing all 
combinations of areas having warm summers, cold winters, large rainfalls, and little rain. 

• Season: Four seasons were identified by the month when the samples were collected: Winter (December 
to February); Spri~g (March to May); Summer (June to August); and Fan (September to November). 

• Percentage Imperviousness: About 2/3 of the monitoring sites currently. have percentage imperviousness 
data. 

• Rainfall: Almost all of the events have the rainfall amount associated with the monitored event. 
• Type of sample collection: Some of the events represent special "first-flush" and composite sample pairs 

for the same event. These qata were evaluated previously to identify these effects on runoff water quality. 
The type .of sampler and sampling method has been identified for about \14 of the sampling locations. 

• Runoff amount: About 1/3 of the events have the runoff amounts associated with the !JlOnitored events. 
• Watershed area: All of the monitored locations have the watershed areas,identified. 
• Date of sample collection: All of the data are associated with the date of sample collection. In addition to 

the seasonal effects, this information can be used to examine any trends in concentration that may have 
occurred during the I 0 years of sample collection represented in.the NSQD. 

• Type of conveyance system: About 1/3 of the sites have the conveyance system identified. 
• Aerial photographs and topographic maps have been obtained for almost all of the monitoring areas. 

Figure 11 is a probability plot for the observed COD concentra~ions separated by land use. This plot i.s similar to the 
previously presented box and whisker plots for the different constituents separated by land use. These plots do show 
additional information that is useful for developing predictive models. As typically assumed, the COD values 
closely follow log-normal probability plots for much of the data range (Figure 2 illustrates log-normal probability 
plots for many of the constituents available in the NSQD, but grouped for all factors combined). Figure 11 shows 
significant differences by land uses. The open space COD concentrations are the lowest, and the freeway COD 
concentrations are the largest for most all. of the data range. The residential, commercial, and industrial areas are 
very similar for the lower ha:lf of the distribution, while the residential areas are lower than the commercial and 
industrial areas in the u.pperp~rtion of the distribution. The effects of some of the above listed factors on . . . 
concentrations have been previously illustrated. The following shows how we plan to develop the predictive tool for 
the main watershed factors listed above. In this example, we will examine COD concentrations as a function of EPA 
rain zones and season, for the residential areas. 
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Lognormal base 10 Probability Plot for COD By Landuse 
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Figure 11. Probability plots of COD concentrations for different land uses. 
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It is possible to identify statistically significant differences in the COD concentrations for residential land uses in 
different EPA zones and seasons. Table 5 shows the total number of storm events collected which has residential 
COD values for the different rain zones and seasons. 

Table 5. Number of Events with Detected COD Values in Residential Land Use Areas in the NSQD 
EPA Rain 

Zone 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Total 

6 
490 
53 
43 
95 
44 
49 
7 

Spring 

1 
116 
12 
9 

39 
7 
15 
3 

Summer 

5 
102 
10 
15 
5 
19 
1 
1 

Fall 

135 
14 
8 

22 
6 

18 
3 

Winter 

137 
17 
11 
29 
12 
15 

Table 5 shows that EPA rain zone 2 has about 62% of the total number of COD observations in the database. This 
unbalance of sample numbers can potentially lead to confusing results if the other areas do not adequately represent 
the actual conditions in their areas and is a _yiolation of the data assumptions needed for a successfu1 ANOV A test. It 
is possible to see if there is a difference in the COD concentrations for the different seasons in each zone during the 
four seasons using a one-way analysis of variance test, as the numbers of samples in each season for each main zone 
are relatively even. 

The analysis of variance requires that the residuals are normally distributed and there is the same variance for each 
of the seasons. After log transforming the data, it was found that the residuals can be considered norma1 with a p-
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value of0.8 using the Kolmogorov-Smirnov Goodness of fit test. To test if the variances are the same for the four 
seasons, Barlett's test was used. This test is powerful when the normality assumption ofthe residuals is achieved, as 
in this example. The results indicated that the variance can be considered the same for each season in EPA rain zone 
2, with a p-value of 0.44. The results of the ANOV A found that there is a significant difference in the COD 
concentrations during the four seasons. The COD concentration in EPA rain zone two during winter seems to be 
smaller than summer and spring. The pooled standard deviation ot"the observations was calculated as 0.677 

Power Calculations .as a Function of Numbers of Data Observations 
Figure 12 is a set of power curves showing the difference in the mean COD concentrations for the different 
subgroups that can be identified for different·nuinbers of samples. If the AN OVA test indicated a significant 
difference with a confidence of five percent (a:.=0.05), these mean differences can be detected for the noted sample 
sizes. Table 6lists the sample sizes needed, for a power level of 0.8 and a confidence of0.05, to detect the noted 
differenc.es in mean concentrations. If a goal of at least.a 25% difference was desired, then about 120 samples in 
each season would be needed. This is approximately the conditions for EPA rain zone 2 residential land uses. 
However, if only 10 samples are available for each season, then the "detectable" difference would be relatively large 
(larger than 50%). 

Power of the ANOVA. COD Concentration in Residential 
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Figure 12, Power of the one way AN OVA test for COD in EPA rain zone 2. 

Table 6. Samples required to detect specific differences in the COD for different seasons 
Percentage difference 

.between.themean .values 
(%) 
5 
10 
20 
25 
30 
40 
50 

Samples 
Required 

3844 
908 
202 
122 
80 
40 
22 
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Multivariate Analyses of Factors 
A two-way analysis can also be conducted to examine the effects of both seasons and rain zones together, and their 
interaction. In the following example, rain zones 3, 4, 5, 6, and 7 were ev;tluated for all four seasons. Rain zone 2 
was excluded from this preliminary analysis because it had many more samples than the other regions and could 
have overly emphasized those conditions. The first step in this analysis is to check the distributions and variances of 
the data sets. The residuals (the differences of the observations from the mean) can be considered normal as they had 
a p-value higher t)lan 15% (no significant difference from a normal distribution). Barlett's test also indicated that the 
variance for the different groups can.be considered the same with a p-value of 0.35. A two-way ANOV A can 
therefore be 'Qsed to identify any differences between the seasons and EPA rain zones, plus their interaction, because 
the data were normajly distributed and they have the same variance wjthin each group. 

The 2-way ANOV A results indicated that there are no significant differences between the different seasons (p-value 
= 0.091), but that there is a differen~e between the EPA rain zones. (p-value < 0.001). Figure 13 contains probability 
plots of the residential COD values for each season, showing no clear,pistinction of these concentrations for the 
different seasons. The ANOV A test also found no significant interaction between rain zone and season (p-value = 
0.25). 
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Figure 14 shows probability plots of residential area COD concentrations for each EPA rain zone. There are likely 
three distinct groupings for residential COD values, based on their geographical location. Samples collected in zone 
6 had the highest mean concentrations and were collected in Arizona. Samples collected in zones 2, 4 and 5 were 
intermediate in COD concentration and were collected in the mid Atlantic states and Texas. Samples collected in 
zones 3 and 7 had the lowest COD concentrations and were collected in Alabama, Georgia, and in Oregon. 
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· Therefore, COD residential area concentrations can be divided into the following three groups, based on EPA rain 
zone: 

Zones 3 and 7: average: 44.4 mg/L, standarddeviation: 41.9 (102 observations) 
Zones 2, 4 and 5: average: 72.8 mg/L, standard deviation: 61.6 (628 oqservations) 
Zone 6: average: 162.1 mg/L, standard deviation: 100.0 (44 observations) 

Overall residential COD: average: 74.1, standard deviation: 69.2 mg/L 

The statistical.analyses of the available NSQD COD residential.area.data did not identify any sigrliftc:pnt differences 
in any niin zones that can be explained by season . .There was insufficient data in zones I, 8, and. 9 to' be evaluated by 
season and the overall residential COD values should therefore be used for those areas u~til additional data is 
collected and evaluated. 

Clustering and principal component analyses (PCA) are also being used to identify expected factors influencing 
sample variability. Figure 15 is an example dendogram from a cluster analysis of all of the preliminary data 
combined. However this analysis did not include most of the site characteristics when it was conducted; only rain 
de_pth, .':':':3-t~rshed size,_af1~_per<;ent~gejm.per:Yiq_usn~ss were inclu.ded f~rth~.s~nalys.i~, in!l:cidition to the runoff 
concentrations. This plot indicates very close relationships between rain depth and the nutrients (total phosphorus, 
dissolved phosphorus, nitrite plus nitrate, ammonia, and Total Kjeldahl Nitrogen). Some of the heavy metals 
(cadmium, nickel, and chromium) are closely related to each other, but copper, lead and zinc are much more 
independent. BOD5, COD, dissolved solids, and suspended solids are poorly related to other pollutants for the 
pooled data. Pearson correlation analyses did show relatively strong relationships between suspended solids and the 
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total forms of most of the heavy metals, substantiating the observation that most of the stormwater metals are not in 
filtered forms. 
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Figure 15. Cluster analysis (dendogram) showing relationships between stormwater pollutants. 
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A number of sampling issues can be statistically investigated using the information contained in the NSQD. The 
following discussion is a summary of the types of monitoring guidance that can be developed and refined using the 
database information. 

Numbers ofSamplesNeeded ..... 
An important aspect of any research is the assurance that the samples collected repres.ent the conditions to be tested· 
and that the number of samples to be collected are sufficient to provide statistically relevant conclusions. An 
experimental design process can be used that estimates the number of needed samples based on the allowable error, 
the variance of the observations, and the degree of confidence and power needed for each parameter. The number of 
samples needed is therefore dependent on the objectives ofthe data (characterization, comparison, trends, etc.), the 
variation of the concentrations irt the category being investigated (typically described by the coefficient of variation, 
or the ratio of the mean to the standard deviation), and the allowable errors (the confidence and the power). 

A basic equation that can be used to estimate the number of samples to characterize a set of conditions (given in 
Burton and Pitt 2001) is as follows: 

. 2 
n = [COV(Z1.a + Zt.p)/( error)] 

where: 
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--- ----------~ ------------ ·- --------------~--- ---- -·----

n = number of samples needed 

a= false positive rate ( 1-a is the degree of confidence. A value of a of 
· 0.05 is usually considered statistically significant, corresponding to 
a 1-a degree of confidence of 0.95, or 95%.) 

~=false negative rate (1-~ is the power. If used, a value of~ of 0.2 is 
common, but it is frequently and improperly ignored, corresponding to a ~of 0.5.) 

Z 1.a = Z score (associated with area under normal curve) corresponding to 
1-a_, If a is 0.05 (95% degree of confidence), then the 
corresponding Z1.a score is 1.645 (from standard statistical tables). 

Z 1.p= Z score corresponding to 1-~ value. If~ is 0.2 (power of 80%), then 
the corresponding Z 1.p score is 0.85 (from standard statistical 
tables). However, if power is ignored and~ is 0.5, then the 
corresponding Z1.p score is 0. · 

II, 

error= allowable error, as a fraction of the true value of the mean 

COY= coefficient of variation (sometimes noted as CV), the standard deviation 
divided by the mean (Data set assumed to be normally distributed.) 

~ 

This equation assumes a normal distribution of the data, wh,icl;l would require a log-transformation of most 
storm water- quality data. If an.aliowable error of about 25%·-is-~esired and:the _COV :is estimated. to be .0.4,-then about 
20 samples would have to be analyzed. The use of stratified random sampling can usually be used to advantage by 
significantly reducing the cov of the sub-population in the strata, reqpiring fewer samples for characterization. 

Typical Numbers ofSamplesNeeded for a Basic Stormwater Monitoring Prograiii 
The COY values for many constituents shown in Table I for the NPDES database range from unu~uaJly low values: 

. of about 0.1 (for pH) to highs between 1 and 2. There are a few COY values that are larger. One objective of a data 
analysis procedure is to categorize the .. data. into separate stratifications, ea,ch having small Vari(ltions_inthe observed, 
concentrations. The only stratification in Table I is land use. However, Figure 6 shows many differences by 
geographical area (refer to Figure 1 for the EPA Rain Zone map). It is expected that the final data analyses for this 
prpjr;;ct will identify separate stratifications of data (possibly considering the combination of land use, geographical 
ar~a, aiui season factors) to significantly reduce the variations in each category. It is expected that COY values in the 
range of 0.5 to 1.0 will be common for many of these data stratificatio~s. With a reasonable confidence of 95% (a= 
0.05) anc! power of 80% (~= 0.20), and a commonly accepted allowable error of25%, the number. of sampl~s needed 

_to characterize-conditions would likely range from about 25 to 50. If only 12 samples are obtained for eacl:i'category 
(strata), the: allowable errors would range from about 50% to 100%. Burton and Pitt (2001) present n:@ny additional 
experimental design equations and plots for other data quality objectives, including the effects oflog transforming 
the data for more appropriate sampling effort approximations. In many cases, the actuitl errors in presenting data are 
larger than expected, due to relatively small numbers of samples. A continuing monitoring program (such as the 
Phase I storm water NPDES permit monitoring effort) will result in better data as more samples. are obtained with 
time .. 

Detection Limits of Analytical Methods 
-The NSQD can also be useful when selectipg analytical methods. There are-many important factors that must be 
considered when selecting an analytical method (availability, cost, detection limit, repeatability, safety and disposal 
problems, comparisons with historical data, etc.), but the detection limit is likely most important when ensuring the 
'suitability of the data. In many cases, analytical methods are used that have detection limits that are actually larger 
than a criterion value, making accurate exceedence frequencies iJ?possible (Burton and Pitt 2001). 
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Environmental researchers need to be concerned with many attributes of numerous analytical methods when 
selecting the most appropriate methods to use for analyses of their samples. The main factors that affect the selection 
of an analytical method include: cost, reliability (the "data quality objectives," or DQO which includes sensitivity, 
selectivity, repeatability), and safety .. Most ofth<:<se issues are pot well documented in the literature for 
environmental sample analyses, Aspeots of analytical reliability ·have received the most attention in the literature, 
but most of the other aspects noted above have not been adequately discussed for the m·any analytical alternatives 
available. It is therefore difficult for a water quality analyst to decide which methods to select, or even if a choice 
exists. 

The selection of the appropriate analysis procedure is dependent on the use of the data and how false negatives or 
false positives would affect water use decisions or regul~tory questions, The QA objectives for the method detection 
limit (MDL) and precision (RPD) for the compouncls oflnterest have b~eti shown to be a function of the anticipated 
median concentratioils in the samples (Pitt, et al. 1993). The MDL objectives should generally be about 0.25, or less, 
of the median value for sample sets having typical concentration variations (COV values ranging from 0.5 to 1.25), 
based on many Monte Carlo evaluations to examine the rates offalse negatives and false positives. Table 7 lists the 
typical median stormwater tunoff constituent concentrations and the associated calculated MDL goals, for a typical 
stormwater monitoring project. ,. 

Using analytical methods having these detection limits, at least, will result in relatively few "non-detected" values. 
In most cases, analytical methods are available that can easily meet these goals. However, common problems are 
associated with some of the heavy metals, as mdst modem laboratories use ICP (inductively-coupled plasma) 
instruments that are capable of analyzing a broad range of metals simultaneously, but may not be able to meet these 
detection limit goals. When dissolved forms of the heavy metal!> need to be analyzed, the detection limits must be 
much smaller. 

The NPDES stormwater database can be used to indicate the likely concentrations of interest for conditions similar 
to those that will be monitored. These expected values are a good start in determining the needed detection limits•l.·:f 

Sampling Methods 
Details for all monitoring locations are desired for the database. Basic information (land use, season, geographic,:l);::. 
location, and if the sample is a first-flush or a composite sample) is available for all events in NSQD, and relatively· 
complete site and monitoring descriptions are available for about 113 of the events. This data includes sampling 
methods (automatic samplers vs. manual samplers; manufacture and model of sampler; etc.). Investigations ofhow 
these factors may influence the mortitotingresults will be made, as illustrated in the initial evaluation offirst-flush 
vs. composited samples. The effects of automatlcfys. manual sampling will also be examined when sufficient 
information has been collected. One example of~ previous investigation on stormwater sampling methods was 
conduCted by Roa-Espinosa and Bannerman (1995). They collected samples from five industrial sites using different 
monitoring methods. They concluded that many time-compcisited subsamples combined for a single analysis can 
provide improved accuracy compared to fewer 'simples associated with flow-weighted samplers, and especially 
compared to samples only taken during a portion of an event. 

Conclusions 
A major goal of this project is to provide guidance' to stoimwater managers and regulators. Especially important will 
be the use of this data as an updated benchmark for comparison with locally collected data. These comparisons will 
enable local monitoring data to be compared to tYPical values that should be expected for similar situations. If the 
local stormwater quality is significantly worse than expected, then it may be possible to quantify a treatment goal 
that should be attainable. In addition, this data may be useful for preliminary calculations when using the "simple 
method" for predicting mass discharges for unmonitored areas. This data can also be used as guidance when 
designing local stotrnwater mcinitotingprograrris'(Burtoh and Pitt 2002), especially when determining the needed 
sampling effort based on expected variations. THe final data analyses will expand on these preliminary examples and 
wiii also investigate other stormwater data arid sampling issues. 
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Table 7. Example QA Objectives for a Stormwater Characterization Project 

Constituent 

Turbidity 
COD 
suspended solids 
nitrates 
chromium 
copper 
lead 
nickel 
zinc !..;., 

1 ,3-dichlorobenzene 
benzo{a) anthracene 

. bis(2cethylhexyl) phthalate 
butyl benzyl phthalate 
fluoranthene 
pentachlorophenol 
pyrene 
lindane and .chlordane 

COVvalue: 

<0.5 (low) 
· 0.5 to 1.25 (medium) 

>1.25 (high) 

from: Burton and Pitt 2001 

Units 

NTU 
mgll 
mall 
maiL 
llQIL 
Jla/L 
llQIL 
JlQIL 
!lall 
JlQ/L 
JlQ/L 
JlQIL 
.JlQ/L 
JlQ/L 
JlQIL 
JlQ/L 
JlQ/L 

Typical COV 

-category1 
low 
medium 
medium 
low 
medium 
medium 
medium 
medium 
medium 
medium 
medium 
medium 
medi,um 
medium. 
medium 
medium 
medium 

Multiplier for MDL 

0.8 
0.23 
0.12 

Typical 
Median Cone. 

5 
50 
50 
0.6 
7 
15 
15 
10 
100 
10 
30 
10 
15 ... 
6 
10 
5 
1 

Estimated MDL 
Goal 

4 
12 
12 
0.4 
1.5 
3.5 
3.5 
2.3 
23 
2 
8 
2.3 
3 
1.4 
2 
1 
0.2 

The example investigation of first-flush conditions indicated that a first flush effect was not present in all.the land 
uses and certainly not for all the constituents. Commercial and. residential areas were more likely to show the 
phenomenon, especially if the -peak rainfall occurred near the beginning of the event. It is expected that. the effect 
will be more likely in watersheds with larger amounts of imperviousness. However, the industrial category had large 
amounts of imperviousness, but .indicated first-flushes less than 50% of.the time. All the metals evaluated show a 
higher concentration at the beginning of the event in the commercial land use category. 

Suggested Rolefor Continued Storrnwater Monitoring 
The current data and information contained in NSQD indicates the potential value that a completed database 
(containing most ofthe NPDES stormwater data) can provide. The excellent U.S. national coverage, along with the 
broad representation of land uses, seasons, and other factors, makes this information highly valuable for numerous 
basic stormwater management needs. Monitoring with. no specific objective, except for general characterization in 
an area, is not likely to provide any additional value beyond the· data and information contained in NS'QD. After a 
sufficient amount of data has been collected by a Phase 1 community for representativ,e land uses and other 
conditions, outfall characterization monitoring resources should be re-directed to other specific data collection and 
evaluation needs. Burton and Pitt (2001) provide much additional information on determining an adequate outfall 
monitoring program. Similarly, communities that have not initiated a stormwater monitoring program (such as the 
Phase II NPDES small communities) may not require general characterization monitoring (monitoring is not 
specifically required as part of the Phase ti regulations), if they can identify a regional Phase I community that has 
compiled extensive monitoring data as part of their required NPDES stormwater permit. Obviously, there will be 
some~situations that are-not well represented in N-SQD and additional characterization monitoring:may-be warranted. 
These situations will be identified in the final data analyses. 

This is not to say that stormwater quality monitoring has no role as part of a storm water management program. 
Burton arid Pitt (200 1) present extensive examples and procedures showing the importance of a balanced monitoring 
program. This publication is available from CRC Press, and a version is available at: 
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htlp://civil.eng.ua.edu/-rpittiPublications/BooksandReports/Stormwater%20Effects%20Handbook%20by%20%20B 
urton%20and%20Pitt%20book/MainEDFS Book.html 

Stormwater quality monitoring is a crucial component of local programs. Specific objectives for these include: 

• Receiving water asse&sments to understand local problems. Receiving water monitoring is needed to identifY local 
problems, especially when identifyin15 beneficial use impairments. Assimilative capacity calculations (TMDLs) 
require knowledge oflocal source discharges. The NSQD data and information can b.e used for preliminary designs 
and cost estimates, b\It·it is also important to invest a small amount of resources to accurately determine local 
discharge conditions before expensive controls are designed. 

• Source area monit9rlpg to id~:;ntify critical sources. In many casf)s, source area controls may be more cost-effective 
than regional controls. The identification of critical source areas is therefore needed as part ofa comprehensive 
stormwater management program. Monitoring within a critical drainage area should be conducted to identifY the 
sources of pollutants, while simultaneous outfall monitoring is nee.ded to verify these source area me!\surements. 

<' 

• Detailed monitoring at selected outfalls, with complete monitoring of rainfall and runoff, with high-resolution data 
to examine time-variability characteristics of certain pl,'oblem pollutants. This would be especially important at 
. small, highly paved areas where "first-flush" conditions are most likely. This information is needed to evaluate the 
benefits and to quantify design approaches of crYtical source area controls. 

• Treatability tests to verify performance of stormwater controls for looal conditions. In areas where stormwater 
controls are being installed, local measurements of performance are a good investment. Before and after monitoring, 
or parallel monitoring, is usually needed to measure the performance of many types of storm water controls. The 
ASCE National Stormwater BMP database (http://www.bmpclatabase.org/) is a good place to start in predicting the 
performance of controls, but site-specific validations ~nan area where the controls have not been previously used·!;. 
should be conducted. 

• Assessment monitoring to verifY success of storm water management approach. Stormwater quality monitoring is a •· 
critical component of an assessment monitoring effort. Receiving water monitoring needs to focus on beneficial use ·: · 
impairments, and associated chemical, physical, and biological monitoring .. In many cases, source area or outfall · l 
controls are being used as part of comprehensive management programs. Therefore, outfall monitoring may also be 
n~~~ . 
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If this is your first glance at a Southern 

California E~vironmental Report Card, 

be prepared for a much more searching 

evaluation than is usual under most grad

ing systems. The authors of the four 

essays that make up the 2005 Report 

Card have taken great care to summarize 

the key factors contributing to four of our 

region's , most pressing environmental 

concerns-drought, impaired water 

quiJ.lity, releases of toxic and hazardous 

wastes, and the loss of marine resources 

from our coast. They provide scientific 

data and objective analysis. The final 

grades may provide useful feedback to 

the government agencies responsible for 

enforcing the laws that have been put in 

place to address these concerns, but 

their primary purpose is to give the peo

ple of Southern California a sense of what 

a select group of UCLA environmental 

researchers think is working well-and 

what is not. 

The UCLA Institute of the 

Environment publishes a Report Card 

annually, in what is now an eight year 

conversation with policy makers and 

interested members of the community. I 

use the ter:m "conversation" advisedly, 

because some of the data that are report

ed here can actually be traced back to 

recommendations in previous Report 

Cards. Proposition 0, a $500 million 

bond approved by the City of Los 

Angeles voters in November 2004 with a 

convincing margin of 74.9%, is a terrific 

example of the Report, Card's influence. 

The resounding victory demonstrates a 

strong consensus that we need to get seri

ous about fixing the polluted storm water 

runoff that has degraded our local 

UCLA INSTITUTE OF THE ENVIRONMENT 

groundwater, frequently closing our 

beaches and backing up onto streets 

when it rains. 

Government officials, environmental 

advocates, business leaders and the news 

media all played critical roles in devel

oping the ideas and building the political 

will to pass this much-needed measure. 

But it was the science and policy analy

sis that made the case. Years (actually, 

decades) of work by UCLA researchers 

and others have built the case for action 

and demonstrated the technologies that 

can reverse the damage caused by .past 

failures of policy and planning. So when 

the City Council decided to put Prop. 0 

before the electorate, the facts were 

widely known and the public was well 

aware that our water quality problems are 

real. Voters felt confident they were sup

porting a well-crafted set of policies and 

projects with a high likelihood of success. 

I served as co-chair of Yes on 

Proposition 0. It was a remarkable cam

paign: at a time when the nation was 

being divided into red states and blue 

states, we had no active opposition. So 

instead of the typical negative television 

ads, we could focus on the benefits of 



re-engineering the city to capture rain 

water and allow it to permeate the soil, 

greening neighborhoods and keeping 

trash and toxics out of the ocean. At 

every step we had the backing of studies 

documenting the sources of pollution, the 

effects on human and ecosystem health, 

and the cost-effective solutions. For 

once, science and social science really 

did inform the debate. 

I'm proud to report that research and 

analysis by two of this year's Report Card 

authors, biologist Richard Ambrose and 

engineer Michael Stenstrom, played a 

critical role in developing the scientific 

consensus that paved the way for a public 

policy victory that seems all too rare these 

days. Their articles address the progress 

we've made in improving water quality 

and marine resources and the problems 

that remain. But I also want to push the 

point a bit farther because without sus

tained funding for research on important 

environmental issues, future victories will 

be less likely. Public skepticism, fueled 

by press reports of "scientists say this" or 

"a new study reveals that," has con

tributed to severe cutbacks in the funds 

given to federal and state agencies for the 

The IOE's Report Card is now part·of an eight 

year conversation with policy makers and 

interested members of the community. 

kind of policy-relevant research needed 

to make further environmental progress. 

One of my not-so-secret hopes for the 

Report Card is that by communicating the 

results of academic research in a non

academic format, we can demonstrate the 

value of long-term public support for 

environmental studies at nonpartisan 

research institutions like UCLA. 

Toxic and hazardous waste

addressed in the RC by two public policy 

experts, JR. DeShazo and Bowman 

Cutter-continues to stay buried in 

urban areas and buried in the public 

consciousness until a truck overturns on 

the freeway or a leaking underground 

tank threatens local drinking water sup

plies. Professors DeShazo and Cutter 

have examined the data and come to a 

couple of important conclusions. One is 

that cities are doing a pretty good job of 

carrying out the inspections required by 

law but that counties need to do more. 

The other, more disturbing, finding is that 

the data are simply not being collected 

that would enable the legislature or the 

public to assess how well or poorly indi

vidual companies are managing their 

wastes. Clearly a program that inspects 
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but then doesn't act on the information 

revealed by inspections is only a partial 

solution to the release of toxic chemicals 

into the environment. 

While most Southern Californians 

are aware that they are dependent on 

water imported from Northern California 

to meet their basic needs, and the 

decline of the San Francisco-Sacramento 

Bay-Delta is the focus of a massive fed

eral and state recovery effort, a much 

larger threat to Southern California's 

water supply and environment is the 

looming loss of Colorado River water. 

Glen McDonald's lead article succinctly 

lays out the impacts of the changing 

weather patterns and long-term drought, 

as well as the institutional and legal con

straints that are coming together to force 

massive changes in the way we import 

and use water. This article should help 

re-focus our attention on the fastest

growing area of Southern California, the 

Inland Empire, and the effects this 

growth will have on the region as a whole. 

continued on page 40 





Drought is not the first word that comes 

to mind at the end of a record-breaking 

rainfall season in Southern California. 

Nonetheless, the state remains on the 

verge of a potential water crisis and faces 

severe uncertainties in long-term plan

ning to meet Southern California water 

demands. The Colorado River system-a 

principal source of supply-is experi

encing both severe drought and increas

ing water demands from other states and 

Mexico. In this article we examine water 

demands in Southern California and con

sider the capacity of the Colorado system 

to meet those demands. We also consider 

evidence the Colorado system could 

experience severe and sustained 

droughts that make the current situation, 

or any drought experienced over the past 

200 years, pale in comparison. Finally, 

we outline current actions California is 

taking to plan for the sustainable use of 

Colorado River water. 

SOUTHERN CALIFORNIA 
WATER USAGE AND SUPPLIES 

The big player in southland water distri

bution for urban and suburban areas is 

the Metropolitan Water Distriqt of 

Southern California (MWD). This consor

tium of 26 cities and smaller water dis

tricts serves almost 18 million people 

over a 5200 square mile area that extends 

from San Diego County to Ventura 

County. For the City of Los Angeles, the 

Department of Water and Power relies 

heavily on the eastern Sierra Nevada, 

but draws more upon the other MWD 

sources in times of shortage. To meet 

water demands, the MWD delivers 1. 7 

billion gallons of water each day, almost 

100 gallons per day for every person in its 

service area. This is the water for drink

ing, bathing, industrial uses, parks and 

recreation and other demands required to 

support the Southern California popula

tion and lifestyle. Water allocations of 

this scale are measured by the acre-foot, 

the amount of water required to cover one 

acre to a depth of one foot, 326,000 gal

lons. Today the MWD requires about 1.8 

million acre-feet of water per-year to keep 

the major urban and suburban areas of 

Southern California functioning. 

Although the billions of gallons of 

water distributed by the MWD is an 

appreciable amount, Southern California 
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agriculture uses an even larger propor

tion of water. For example, the Imperial 

In'igation District (liD) distributes over 3 

million acre-feet of water per-year, yet 

the entire population of Imperial County 

is only about 150,000 people. In some 

cases, the agricultural users have priori

ty over urban and suburban users. 

Southern California is an arid to 

semi-arid environment with low annual 

precipitation. Even in years of record pre

cipitation such as 2004-05, Southern 

California retains less precipitation than 

it needs to meet its water requirements. 

The average annual precipitation in the 

Los Angeles Basin is about 15 inches per 

year. Over the area of the MWD this 

would provide a total of around 4· million 

acre-feet of water. However, about 60% of 

this moisture evaporates, is used by veg

etation, or enters the soil. Much of the rest 

runs directly into the ocean as surface 

flow where it often serves vital ecological 

functions in systems such as coastal estu

aries. Only a small proportion is captured 

in reservoirs. For more than 100 years 

Southern California has had to import 

water to support its large population. At 

present less than half the water we use 

0 



The Upper and LOWE!r .BaS.ins of the Colorado R·i~er w.ith the lo:cal:io~s of major reseNo.irs and 
aqueducts, cas w.ell as the areas serviced .bytbe large .so.uthercn califotrda water districts that 
draw from the. riv.er. 

comes from local surface or groundwater 

sources. The rest is imported from outside 

of Southern California. 

Some of our imported water comes 

from the Sierra Nevada Mountains and 

northern portions of the state. H~wever, 

a large proportion is derived from the 

Colorado River. The Colorado River water 

is perhaps the most critical and uncertain 

element of water resource planning m 

Southern California and for the MWD. 

COLORADO RIVER WATER 
AND SOUTHERN CALIFORNIA 

So important is the Colorado River that 

MWD spokesman Bob Muir has called it 

"the backbone of water supply in 

Southern California." Today Colorado 

River water contributes about 65% of the 

water distributed in Southern California. 

Water in the Colorado arises mainly from 

fhe upper portions ofits Clrainage basiri, 
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The Colorad.o River system-
a prindpal s.ource of supply
is experiencing both severe 
drought and increasing water 
demands from other states 
and Mexico. 

which includes portions of Wyoming, 

Utah, Colorado, New Mexico and Arizona. 

Water from the Colorado is used for· 

drinking, irrigation and other purposes by 

California, the other states of the basin 

and Mexico. In 1922 the seven states of 

the upper and Lower Colorado Basins 

implemented the first stages of the 

Colorado River Compact, which appor

tioned 7.5 million acre-feet per-year to 

Colorado, New Mexico, Utah, Wyoming, 

Arizona, Nevada and California. In 1944, 

Mexico was apportioned 1.5 million 

acre-feet. This total allocation-16.5 

million acre-feet-was based on the 

premise that the average annual river 

flow at Lees Ferry, just below present 

Lake Powell, is 17 million acre-feet. 

Under the Boulder Canyon Project 

Act of 1928, California was apportioned 

4.4 million acre-feet of water per year 

under normal conditions. In total this 

amount is less than the current or antici

pated future total water needs for the 

MWD and the liD, not to mention other 

users such as the Cochella Valley Water 

District (CVWD). California has enjoyed 

a cushion in that the Compact allowed us 

to draw upon the'surp1us' water not used 



Today Colorado River water 
contributes about 6.5% of 

the water distributed in 
Southern California. 

by other states. So long as populations in 

Nevada and Arizona remained small, 

California had access to additional water 

from the Colorado. California's recent 

consumptive use of Colorado River water 

has been approximately 5.2 million acre

feet per year, well above the base level of 

4.4 million apportioned under the 

Compact. .Much of this 'surplus' water 

has in the past been used by the MWD. 

A massive system of dams stores 

water to mitigate seasonal and annual 

variability in Colorado River flow and 

generate electricity. Hoover Dam, which 

produced Lake Mead, was completed in 

1935 and there are now a number of 

major reservoirs throughout the Upper 

and Lower Basins. The reservoir system, 

which can hold 60 million acre-feet of 

water, is supposed to provide a four to 

five year buffer supply of water in case of 

severe drought. 

THE LOOMING CRISES 

Two crises confront Southern California 

in terms of water management and the 

Colorado River. The first concerns the 

Colorado Compact and the annual alloca-

25 Natural Flow 4 
Colorado River at Lees Ferry, AZ 

Calendar Year 1906-2003 
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tions of water, where we face two 

challenges-decreased supply and 

increased demand. 

Water allocations under the Colorado 

River Compact assume the average flow 

of water from the Upper to Lower Basin at 

Lees Ferry is 17 million acre-feet per 

year. This assumption was based upon the 

short record of observed river flow avail

able in 1922. In subsequent years, annu

al measurements of Colorado River flow 

have highlighted two problems. First, the 

average flow during the period 1905 to 

1922 was anomalously high compared to 

most of the 20th century. Long-term aver

age flow on the Colorado is more likely to 

lie between 13 million to 15 million acre-
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feet per-year. The result is that more 

water may have been allocated than the 

river can be expected to provide in a sus

tained fashion. In addition, flow over the 

20lh century has been much more vari

able that could have been anticipated 

when the Compact apportions were 

granted. For example, during the Dust 

Bowl years of 1930 to1937 the annual 

flow at Lees Ferry averaged only about 

10 million acre-feet. The most recent 

drought, which commenced in-1999, has 

led to some even lower flows. The aver

age flow between 2001 and 2003 at Lees 

Ferry reached a low of only 5.4 million 

acre-feet. This is ll million acre-feet 

below the total current water allocations 
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A wh1te tim a~o~g th.e rocky sho~es .of Lake Mead provides evidence ofti:Je former water height 
in the rese~.oir and the drawdown in storage reserVes <;:au,sed by recerft prolonged drougbt. 

and is only slightly higher than 

California's recent consumptive use 

of Colorado River water of 5.2 million 

acre-feet. 

The reservoir system in the Colorado 

Basin is supposed to allow the system to 

provide adequate water to users during 

times of drought. However, this current 

drought is straining the capacity of reser

voirs to mitigate the low flows. Lake 

Mead has seen a drop in water levels of 

over 30 feet and reached its lowest level 

since 1965. Water levels have fallen by 

over 100 feet in Lake Powell and are at 

their lowest levels since initial filling of 

the reservoir. A continued drought could 

soon overwhelm the buffering capacity of 

the reservoirs. 

It is clear the current flow rates of 

the Colorado River are insufficient to 

meet the water allocations from the sys

tem if all states and Mexico were to with

draw their full portions. It is also clear 

the high variability in flow and the occur

rence of prolonged droughts such as 

occurred in the 1930s and today exacer" 

bate this problem despite the extensive 

reservoir system. 

The other challenge confronting us is 

increasing demand caused by growing 

populations in the Southwest. This prob

lem is particularly acute in the Lower 

Basin states of California,, Nevada and 

Arizona. The booming cities and metro

politan areas of Los Angeles, Phoenix, 

Tucson and Las Vegas are all supplied 
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A continued drought could 

soon overwhelm the buffering 

capacity of the reservoirs. 

with water from the Colorado. Since the 

Colorado Compact was first devised in the 

early 1920s and 2000 the city of Los 

Angeles has grown six times, from about 

577,000 people to over 3.7 million. Even 

more striking, since 1920 the population 

of Las Vegas has grown by 200 times and 

Phoenix by 47 times its 1920 population. 

Much of this growth has occurred in the 

past 50 years. This has generated a mas

sive increase in water needs, including a 

410% increase in domestic water use in 

the Southwest since 1950. All projections 

indicate robust population growth will 

continue· throughout the Southwest. No 

longer can California count on the 'sur

plus' unallocated water fro~ Arizona or 

Nevada to meets its needs. 

The second looming crisis for 

Colorado River water allocations is the 

specter of severe and sustained drought 

beyond the magnitude of any drought 

experienced in the past 100 years. A 

severe drought that persisted for a 

decade or more could overwhelm the 

buffering capacity of the Colorado reser

voir system and lead to a c.risis in water 

supply for irrigation and domestic use in 

Southern California. How real are the 
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chances of such a 'mega-drought' occur

ring on the Colorado system? Historical 

records of river flow only date back to the 

early 201h century, hut the record of flow 

can be extended back hundreds of years 

using tree-rings. Many long-lived species 

of pines and other coniferous trees grow 

in the Colorado River region. In many 

instances the annual growth rings of the 

trees are sensitive to precipitation and 

large growth rings are formed in years 

with high precipitation. These wet years 

with good tree-ring growth coincide with 

years of high flow in the Colorado River. 

Since the 1970s scientists at UCLA 

and elsewhere have produced recon

structions of river flow on the Colorado 

using tree-ring records. These records 

show tha1 in periods such as the late l91h 

century and the late 16th century there 

were severe sustained droughts on the 

Colorado that lasted up to a decade or 

more. Even rhore troubling is evidence 

from other studies for a centuries-long 

period of enhanced droughts throughout 

much of western North America in the 

lOth to 14th centuries. In view of the pre

historic record, the recent Colorado 

Basin drought is not exceptional and dry 

conditions could conceivably persist into 

future years. 

PLANNlNG C.OLORADO 
RIVER WATER IJSAGE 

The problems confronting the manage

ment of the Colorado River water under 

the original 1922 Compact are widely 
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recognized by Upper and Lower Basin 

states and Mexico. Increasingly, the pos

sibility of severe sustained drought as 

revealed by tree-ring records is playing a 

role in such considerations. Legal and 

political debate have long been features 

of management of the Colorado River and 

have become increasingly heated at 

state, national and international levels. 

One example is the lengthy battle 

between the liD, San Diego and the 

MWD over the allocation of Colorado 

River water for irrigation versus alloca

tions to municipalities. Additionally, 

ecological concerns now plf!y a greater 

role in water planning: reduced flows to 

the Colorado Delta in the Sea of Cortez 

are damaging delta ecosystems. And 

decreased flood flows caused through the 



M~re ·water-efflci.entirrig~tion practices ;a tid crqp secectiens can make :significant 
cetJtributions :te lessening Scnith.ern {alifoliiia's need for Cb.lorado river water. 

control of the river by darns and reser

voirs is harming riparian ecosystems in 

the Grand Canyon. Finally, the Salton 

Sea of California was created by an acci

dental release of Colorado River water 

from irrigation systems during 1905 to 

1907. The Sea supports fish and migrant 

bird populations today but may become 

too saline to support current populations 

if more water frorp. the Colorado is not 

allocated to it. 

Against this backdrop of uncertainty 

and potential crisis, Southern California 

has taken some very positive steps. First, 

following the impact of drought in the 

1980s and early 1990s, MWD users 

adopted conservation practices and other 

measures that have resulted in a signifi

cant decline in annual water usage. In 

1990 the amount of water distributed by 

the MWD peaked at around 2.6 million 

acre-feet, 1.7 times more than the 

amount of water distributed today. The 

MWD continues to pursue conservation 

strategies and alternatives such as 

desalinization and waste water recycling. 

Second, California, under the lead

ership of a state agency called the 

Colorado River Board, has instituted the 

4.4 Plan to limit use of Colorado River 

water in California to 4.4 million acre

feet per year. The plan requires compro

mise agreements on water use and allo

cation between the MWD, liD, CVWD 

and other users, and institution of a num

ber of conservation measures such as the 

lining of the All American Canal with 

impermeable material to stop the leakage 

of irrigation water. Within the 4.4 Plan, 

agriculture users will have the first three 

priorities to 3.85 million acre-feet of 

Colorado River water per year and the 
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MWD will have. fourth priority for 

555,000 acre-feet. 

The implementation of the 4.4 Plan 

will require adjustments in water supply 

and use by the MWD. The 4.4 Plan is to 

be implemented in stages and will result 

in a decline in Colorado River use from 

5.2 million acre-feet to 4.6 million acre

feet to take place between now and 2010 

tci 2015. Further reductions will follow. 

The 4.4 Plan is now seen by some as 

a model for states' responses to develop a 

sustainable allocation system for 

Colorado River water. 

The relatively long time lines in the 

4.4 plan are reasonable in terms of devel

oping conservation strategies and alterna

tive water sources needed to shift depend

ence away from Colorado River water, but 

they also contain perils. First, the rapid 

growth of populations and water use in 

other Lower Basin states may lead to 

increasing strife between Nevada, Arizona, 

California and Mexico while the state 

atte~pts to implement the 4.4 Plan. 

Second, if the current severe drought is 

sustained along the Colorado system, there 

simply will not be enough water in the river 

to satisfy the needs of California alone, 



The specter of s.evere and sustained dn:mght beyQnd 

the magnitude of any drousht experienced in the last 

100 years could create a massive water and power crisis. 

much less to be shared with the other states 

and Mexico. Should such a severe and sus

tained drought occur we could see one of 

the biggest water and power crises ever to 

confront the Southwest. 

PO·LlCY RJ;COMME'NDATIONS 

In light of the possibility of resource bat

tles because of the low average flow of 

the Colorado, the potential for long term 

drought, and increasing regional popula

tions, we make the following recommen

dations: 

l. Aggressive implementation of the 

4.4Plan;· 

2. Continued efforts to increase water 

conservation and recycling in agri

cultural and urban districts; 

3. Comprehensive planning for emer

gency water conservation, alterna

tive supplies and reallocation of 

water between users within water 

management districts and between 

water management districts; 

4. An integrated drought response 

strategy that examines the potential 

for, and response to, severe and sus

tained droughts. 

GRADES 

For water conservation and other meas

ures taken following recent California 

droughts and the 4.4 Plan in response to 

current demands for Colorado River 

water. Grade B+ 
For long-term planning for the dou

ble threats of rapidly increasing popula

tion and water demand and the potential 

for severe and sustained drought of 

greater magnitude than any experienced 

in the past 100 years. Grade D 

NQTES 

l. River flow versus population data from 
US Bureau of Reclamation and US Census 
Bureau. 

2. Data from Stockton, C.W. and G.C. Jacoby. 
1976. Long-term surface water supply and 
streamflow levels in the upper Colorado River 
basin. Lake Powell Research Project Bulletin 
No. 18, Inst. of Geophysics and Planetary 
Physics, University of California, Los 
Angeles, 70 pp and Hidalgo-Leon, H.G., 
Piechota, T.C. and Dracup, J.A. 2000. 
Alternative principal components regression 
procedures for dendrohydrologic reconstruc
tions, Water Resources Research, 36: 324~-
3249. 
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As the previous article demonstrates, 

water supply is of extraordinary concern 

to the long term health, welfare and 

economy of Southern California. But sup

ply is not our only concern. The quality 

of the water we use-to drink, to swim, to 

irrigate-is also key to the region's 

future. Our previous Report Cards have 

dealt in various ways with the quality of 

our water: wastewater treatment plants 

and water conservation (1998), stormwa

ter (1999), drinking water (2000), bottled 

water (2001), reclaimed water (2002) and 

stormwater regulations (2004). These 

reports have generally praised our region 

for its efforts to manage our water quali

ty, although each report details at least 

some problems that require innovative 

solutions. But each of these Report Card 

articles examined only an individual 

piece of the water quality picture. In this 

report we integrate issues described in 

the previous Report Cards and discuss 

how water research, regulation and treat

ment systems are crucial not only for the 

Southern California environment but also 

for our long term economic health. 

WASTEWATER TREATMENJ 

Southern Californians live primarily on 

the coastal plain. In order to provide ade

quate sewage treatment for our regional 

population, various jurisdictions have 

created large treatment plants, called 

coastal plants, that service this communi

ty. These plants discharge effluent into 

salt water through submerged pipelines 

that are several miles long. Traditionally, 

these plants have operated at lower effi

ciency than inland plants, based upon the 

belief that ocean discharge and the large 

dilution provided by the long pipe lines 

would mitigate environmental impacts. 

Inland communities are served by small

er plants, generally operating at higher 

efficiency and in many cases, providing 

source water for reclamation facilities. 

In RC 1998, we gave treatment 

plants inland to the coast of California A 

grades because of their high treatment 

efficiency needed to provide reclaimed 

water. Since 1998, new regulations have 

required these plants to improve even 

more and to remove nitrogen, an impor

tant stimulus to eutrophication and a 

potential toxic material to human infants, 
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fish and wildlife. The Sanitation Districts 

of Los Angeles County (LACSD) have 

largely completed the conversion of their 

inland plants for nutrient removal. The 

Inland Empire Utilities District has also 

met the challenge. The City of Los 

Angeles has begun conversion of its two 

inland plants. The "A" grade for inland 

plants in RC 1998 was well deserved and 

our treatment agencies have continued to 

build and maintain advanced technology 

wastewater treatment plants for environ

mental protection and water reclamation. 

By contrast, the grade for coastal 

wastewater treatment plants in 1998 was 

low, only a C. The Report Card article 

described a long protracted process of 

legal battles, delays and e1.-pensive or 

failed projects. Major treatment agencies 

such as the City of Los Angeles and 

LACSD had not met Clean Water Act 

(CWA) goals other cities had generally 

achieved in 1977. The Orange County 

Sanitation Districts and the City of San 

Diego were operating with permits requir

ing only partial secondary treatment. 

This situation has dramatically 

changed in the intervening seven years. 

The City of Los Angeles and LACSD 

-----
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The Hyperiori Wastewa:tertreatment plant was the first large plant in the .United States to 
achieve new EPA standards for land application of biosolids. The .new "egg" shaped" digesters 
at the. plant, while not required for thermophilic digestio~, faCilitate high temperature 
digestion by providing better mixing and reduced cleaning frequency. 

have each implemented full secondary 

treatment at their two major coastal 

plants and are now tackling the associat" 

ed problems of secondary treatment

energy conservation and biosolids dis

posal. The City of Los Angeles has done 

well in being one of the first major US 

cities to achieve Biosolids A treatment. 

Biosolids A is a US EPA classification 

for biosolids that meet especially high 

standards for reduced pathogen and 

heavy metal content, and is generally 

required before biosolids can be applied 

beneficially for uses such as soil amend

ments. The City received an award for its 

use of high temperature solids treatment, 

called thermophilic digestion, at its 

Hyperion Treatment Plant. The plant 

' 
recovers energy from biogas by treating it 

to remove sulfur compounds and burning 

it at the City's Scattergood power plant. 

This reduces Hyperion's power consump

tion from outside sources by 75 percent. 

The situation has improved in other 

southern California locations as well. 

Voters in Orange County approved the 

conversion of county treatment facilities 

from partial secondary to full secondary. 

This contrasts with e:>..-perience in Los 

Angeles that involved a 22-year legal 

battle. The Orange County Sanitation 

District is moving quickly to implement 

full secondary treatment at its two major 

treatment plants. The City of San Diego, 

while still believing that secondary treat

ment is not necessary, has been proactive 
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Thermophilic digestion 

reduces Hyperion's power 

consumption from outside 

sources by 7 5 percent. 

in testing new technologies for secondary 

treatment in the event the City is 

required to upgrade its major plant at 

Point Lorna. These plants are also partic

ipating in water reclamation projects, 

which are discussed below. 

The treatment .agencies are also 

making progress in reducing chlorine 

usage at treatment plants. Chlorination 

has traditionally been the most effective 

and least expensive way of disinfecting 

effluents. Over the past 20 years, 

however, research has shown that 

byproducts of chlorination can be harm

ful to the environment. Transportation of 

the chlorine from production facilities to 

consuming facilities is also a problem, 

and one or more fatal chlorine spills are 

reported each year in the United States. 

We are pleased to report our treatment 

agencies are making good progress to 

reduce chlorine usage by adopting more 

advanced technologies such as ultra

violet (UV) light disinfection. This tech

nology is more expensive but has the 

advantage of reduced byproducts and 

the elimination of the transport of a haz

ardous chemical. 



'J:he Balloha Wetlands and ~he fre$h Wat~r marsh, a ~ciJity .de~jgned to treat storm water runoff from surroun<;ling areas anp protect the saltwater 
marsh from excessive fresh water iritr~:~s.iori. 

We concluded in the RC 1998 article 

on wastewater treatement that the region's 

environmental regulatory agencies had to 

"drag our treatment agencies, screaming 

and kicking" into new construction pro

grams. The situation is quite different now, 

with goals accomplished in Los Angeles 

and Los Angeles County, and pro-active 

voters in Orange County voluntarily seek

ing improved wastewater treatment. 

STORMWATER MANAGEMENT 

We described Stormwater management in 

RC 1999 and RC 2004, noting major 

challenges, many of which were institu

tional as opposed to technical. We are 

pleased to report progress on all areas of 

stormwater management. 

A major advance in stormwater 

management occurred when the Los 

Angeles Regional Water Quality .Control 

Board enacted runoff controls for new 

and modified developments. In the past, 

new developments had no special require

ment to mitigate stormwater runoff, other 

than to ensure no flood damage occurred. 

Every new development-by increasing 

impervious surfaces that do not absorb 

water-increases runoff to the Santa 

Monica Bay and taxes the existing sur

face drainage systems. This situation 

changed when the Regional Board 

required all new developments to treat or 

mitigate the impacts of the first 0.75 

inches of rainfall: This means 60 to 70 

percent of all storms will be completely 

treated, and the larger storms will be par

tially treated. 

The new regulations have been 

criticized by developers as being too 

costly and having undefined benefits. 
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Developers also criticized the regula

tions for being unscientific in failing to 

differentiate between high and low rates 

of rainfall, which may require different 

types of mitigation teohniques. We dis

agree with these criticisms and believe 

the regulations are a large step forward 

for environmental protection. Though the 

new regulations cannot reverse the 

amount of impervious surface created by 

development, they will cap total runoff 

rate. And many of the stormwater man

agement options required to implement 

the regulations, called best management 

practices (BMPs), will provide additional 

benefits. Grassy swales and infiltration 

areas create open space and, in the case 

of very large projects, habitat for birds. 

A good example of environmental 

mitigation on new developments is the 

Playa Vista Project in Playa del Rey. 



Wastewater Sources 

Sanitary Sewer Network 

Low Flow 
Diversion Pump 

Wastewater 
Treatment Plant 

Stormwater Sources 

Stormwater To Beaches 

Treated Wastewater 
To Ocean Outfalls 

The separate sewer systems in Southern California are being converted to "hybrid systems" in order to divert summer low flow runoff into the 
wastewater treatment system via low flow diversion pumps. 

Although the project was highly contro

versial and the topic of extensive litigation, 

it created several important enviromnental 

benefits that have been overlooked. The 

first is the stormwater management con

trols installed by the developer, which far 

exceed those required of other develop

ments and set a good example for future 

developers to meet. The second is the 

construction of a freshwater marsh. The 

marsh was controversial because it occu

pied space formerly occupied by salt 

water marsh. The marsh provides treat

ment for runoff from the Playa Vista 

Project as well as surrounding areas such 

as Loyola Marymount University. In the 

case of the Playa Vista Development, 

runoff is treated by state-of-the-art 

source controls even before it enters the 

fresh water marsh. The fresh water marsh 

provides habitat, buffers the runoff flow 

rate, and improves its quality before 

being released to Ballona Creek. Bird 

watchers are already "seeing" the bene

fits of the new habitat. Finally, the fresh 

water mar,sh also p;rotects parts ofthe salt 

water wetlands from fresh water runoff, 

which can be toxic to a salt water marsh. 

There are other accomplishments. 
' ' The City of Los Angeles has committed 

to providing the low flow diversions of 

runoff to the H yperion treatment plant for 

its storm drains entering Santa Monica 

Bay. This technology and several others 

were described in RC 1999. This is an 

example of a simple technology that uti

lizes existing infrastructure in a new and 

innovative way, at low cost to taxpayers. 

This method. of tr~ating low flow runoff in 

a separate sewer system, called a hybrid 
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sewer system, is being copied around the 

State, and other agencies, such as the 

Orange County Sanitation District, have 

adopted the concept. The days of 

stormwater puddles on public beaches, 

like the beach south of the Santa Monica 

pier, from stormdrains like the Pico

Kenter drain, are over. 

Beach water quality continues to be 

a problem, but we are making progress. 

New regulations enacted by AB4ll 

require more frequent and improved 

monitoring. The regulations created more 

postings and it initially appeared our 

beach water quality was· getting worse. 

Closer examination of beach postings 

and closures, such as those in Huntington 

Beach, revealed that many problems 

were either loi1g term issues exposed by 
the new regulations, or problems the reg-
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It is remarkable that litter management remains an 

environmental problem. It is entirely preventable. 

ulations created. For this reason the 

results have been mixed and technologi

cal barriers remain. 

Beach water quality is quantified by 

a suite of bacterial measurements. The 

two most common are coliforms and ente

rococcus, which are not true pathogens 

but associated with pathogens, and for 

this reason are called indicator organ

isms. Coliforms (strictly fecal and thermo 

tolerant coliforms) were used over the 

past century with great success in pre

dicting the pathogenic content of drink

ing water and treated wastewater. They 

are problematic in surface waters such as 

stormwater, and often appear even when 

pathogens are not present. More impor

tantly, they require too much time to 

measure. An analysis by the Southern 

California Coastal Water Research 

Project (SCCWRP) showed that as many 

as 70% of the beach postings due to high 

bacterial counts could be in error. The 

reason is described as follows: a sample 

is taken on day l and analyzed by a lab

oratory; on day 2 the laboratory reports a 

high bacteria count, the beach is posted 

and additional samples are collected; on 

day 3 the laboratory reports that the bac-

terial counts are low, the beach is safe 

and the posting is removed. The problem 

is that the beach should have been posted 

on day l when counts were high, but was 

posted on day 2 when counts were low. 

Our technology is not adequate to imple

ment the spirit of the new regulation. 

In spite of this problem, the new 

regulations have had major benefits. 

They have exposed chronic infrastruc

ture problems at Avalon, on Catalina 

Island, which have now been repaired. In 

some locations they have quantified the 

positive impacts of BMPs such as low 

flow diversions. They have stimulated 

research on new methods for quantifying 

beach water quality, and we look forward 

to rapid, molecular biology techniques to 

cure the monitoring problems. The topic 

of beach water quality will be explored 

more fully in a future Report Card article. 

We continue to struggle with other 

stormwater problems. In RC 2004, we 

described the total maximum daily load 

(TMDL) regulatory concept, and the ben

efits it is providing. Litter management 

was one example. We continue to strug

gle with litter and the TMDL is still 

opposed by some cities and groups. 1t is 
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AC;~lliMlation of ~itter at 11 storm drain in 
downtown Los Angeles. 

remarkable that litter management 

remains an environmental problem. It is 

entirely preventable. The photo above 

shows an all too familiar situation. 

Caltrans also reports the most common 

items recovered in highway litter are cig

arette butts. The enactment of a one cent 

per pack tax on cigarettes or other high 

litter potential items, with revenues 

given to the agencies responsible for 

clean up, such as Caltrans, would help 

mitigate our litter problems. 

TMDLs are being used by regulatory 

agencies to create consensus solutions 

to reduce pollution emissions at reduced 

cost. In RC 1999, we noted the major 

source of many pollutants was stormwa

ter, and suggested focusing efforts and 

funds on solving stormwater problems 
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rather than on improving wastewater 

treatment for those plants that have 

achieved full secondary treatment and 

implemented nutrient removal. The new 

TMDL for mercury pollution enacted in 

the San Francisco Bay area is a good 

example of how the process can work. 

There are many sources of mercury, as 

well as legacy pollution from past prac

tices such as gold mining that are still 

having significant impacts. The TMDL 

reviewed known sourc.es of mercury and 

found the most cost effective and most 

sustainable methods to reduce mercury 

discharge. An old mining area was iden

tified as a high emitter, stormwater 

runoff was targeted-taking advantage 

of the BMPs that will be implemented to 

reduce emissions for a large number of 

pollutants-and pollution prevention 

practices were stressed. Reducing emis

sions from dental amalgams, reducing 

the mercury content of fluorescent bulbs 

and ensuring they are properly recycled, 

are all promising alternatives. The dis

charges from treatment plants were not 

reduced, recognizing that emissions 

were already low and additional reduc

tions would not be cost effective. A chal~ 

lenge still exists from mercury emissions 

from coal-burning power plants. This is 

~mother example of how more scientific 

regulations can help us attain our goals. 

The most gratifying report we make 

is on the passage of Proposition 0. Last 

year Los Angeles voters approved by a 

74% majority the expenditure of $500 

million for environmental improvements. 

This is undeniable proof the public 

wants, and will pay for, environmental 

improvements. This measure, and the 

others discussed, go a long way toward 

making it safe to swim in Santa Monica 

Bay after a storm. 

WATER RECLAMATION 

RC 2002 described water reclamation 

efforts in Southern California, ·giving 

agencies an A for their efforts and the 

public a failing grade for not under

standing the technology, and its risks 

and benefits. Water reclamation is an 

imp.ortant resource because of the water 

supply problems described in-the previ

ous article. 

There is some positive water recla

mation news to report. The pioneering 
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work at Water Factory 21 by the Orange 

County Water District, which reclaimed 

wastewater to prevent salt water intrusion 

and augment ground water supplies (a 

technology called indirect potable recla

mation, see RC 2002) is being replaced 

by a project that is more than 10 ·times 

larger. The new project will receive treat

ed wastewaters from the Orange County · 

Sanitation District, reducing their dis

charge to the ocean. The new plant will 

treat the wastewater with new technolo

gies, including micro-filtration, reverse 

osmosis and UV disinfection. The net 

result will be increased water supplies, 

reduced environmental impact on ocean 

waters, and reduced construction costs 

associated with deferring the need for an 

additional ocean diffuser. 

Another example is the West Basin 

project, near El Segundo, which is using 

Hyperion Treatment Plant effluent to 

produce Title 22 reclaimed water, barrier 

water and industrial use water. Three 

major refineries· have displaced large 

fractions of their fresh water use with 

reclaimed water. Ironically, this was done 

not to save money, but to create a secure 

water supply during the next drought. 



The failure of the East Vall~y Water Reclamation Project 

has taught us that we need to b~tter inform the public 

and politicians about th~ safety, risks and b~nefits 
of water reclamation. 

Agencies like the West Basin Facility 

will be providing water even during the 

next serious drought. This is one exam

ple of environmental improvements cre

ating a better climate for business-a 

sustainable water supply. 

Another positive development is the 

experience we have gained with failed 

projects. The failure of the East Valley 

Water Reclamation Project has taught us 

we need to better inform the public and 

politicians about the safety, risks arid 

benefits of water reclamation. The plan 

died when it became a political football, 

with candidates for City offices wooing 

voters with statements like "toilet to tap" 

(see RC 2002 to learn why water recla

mation is not toilet to tap). Voters and 

candidates need to understand that our 

water supplies already contain reclaimed 

wastewater, that we need to reclaim more 

in the future, and that it's low risk. 

THE G.RADES 

We give mixed grades for the various 

responsible parties. 

• The wastewater treatment agencies 

receive an A for complying with the 

Clean Water• Act, being proactive in 

building new treatment plants and 

committing to improvements without 

lengthy legal fights. 

• Our regulatory agencies, such as the 

Los Angeles Regional Water Quality 

Board, receive an A for adopting far 

reaching strategies that are sustain

able, and using newer, more scien

tific approaches to regulation. 

• The public receives a mixed 

grade-an A for supporting environ

mental improvements, such as 

Proposition 0. and secondary treat

ment at the Orange County 

Sanitation District, but an F for not 

working harder to solve problems 

like litter. 

Researchers receive a C for not 

being able to provide the needed 

technology to implement beach 

water quality regulations. 
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As human use of ocean resources has 

grown over the past few decades, so has 

concern about impacts to these resources. 

At the national level, two blue-ribbon 

commissions have recently concluded 

that marine resources have declined to 

crisis levels, and that traditional manage

ment approaches must be changed radi

cally to meet the challenge of protecting 

the nation's marine resources into the 

future. No similar comprehensive assess

ment has been conducted for marine 

resources in southern California, although 

there have been a number of narrower 

studies. This article focuses on Santa 

Monica Bay as an indicator of the state of 

southern Califomia's marine resources. 

Located adjacent to one of the largest 

urban areas in the United States, Santa 

Monica Bay is a popular area for recre

ation by residents and visitors alike. Each 

year, the Bay's beaches attract 50-60 mil

lion people who contribute more than 

$200 million to the local economy. 

Stretching from the Palos Verdes 

Peninsula to Malibu, the Bay's most con

spicuous amenity is its broad sandy beach

es for bathing and swimming, but it also 

supports abundant biological resources. 

The value of Santa Monica Bay was 

recognized for thousands of years by the 

native Chumash and Gabrieleno/Tongva 

tribes, who had dense settlements along 

its coast. After losing to San Pedro in a 

bid for a deepwater port in the 1890s, 

the Santa Monica area was developed to 

attract tourists. With good access from 

Los Angeles through a network of elec

tric trolley cars, the areas of Santa 

Monica, Playa del Rey and Venice 

increased in popularity. Initially attract

ed by the climate and beaches, early 

Los Angelinos soon discovered the rich 

marine resour~es, including fishing 

and harvesting invertebrates such as 

abalone. 

As elsewhere in the United States, 

the rising population of Los Angeles 

along with increased industrialization 

created environmental damage to the Bay, 

and pollution became severe. The Bay 

was used as the repository for millions of 

gallons of untreated sewage and industri

al discharges, including dangerous 

chemicals such as DDT, and the living 

resources of the Bay were degraded. At 

the same time, commercial and recre

ational fishing pressure increased and, 
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as elsewhere, fish populations declined, 

After several decades of environmental 

regulations and other efforts to reverse 

damage to the Bay, what is the status of 

its important marine resources? 

RESOURCE STATUS 
AND TRENDS 

Kelp Beds Kelp beds are restricted to 

rocky bottom habitats, which are concen

trated around the Palos Verdes Peninsula 

and Malibu coastline. Kelp beds are 

naturally dynamic, being particularly 

affected by El Nino events when storms 

rip out large areas of kelp. In Santa 

Monica Bay, however, these natural fluc

tuations have been overridden by two 

long term trends. Around Palos Verdes, 

kelp beds were practically eliminated in 

the l950-60s, due largely to pollution 

from wastewater discharges and the asso

ciated population explosion of kelp-eating 

sea urchins. However, following large

scale restoration efforts and the clean-up 

of the wastewater discharges, the Palos 

Verdes kelp beds have partly recovered, 

and they now represent a valuable 

resource in the region (see Figure 1). 
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Kelp is an important resource in the Santa Monica .Bay. 

Along the .Malibu coastline, kelp 

beds experienced a precipitous decline 

during the 1980s-which itself was a 

continuation of a long-term decline from 

the early 1900s-from which they have 

not yet recovered. The cause of the 

decline is not known, but is believed to 

be related to increased development, and 

perhaps sedimentation, in the region. 

Recent surveys of hard bottom habitat 

along the Malibu coast shows much less 

rocky habitat than existed 100 years ago. 

Although the kelp beds off the Palos 

Verdes Peninsula appear somewhat more 

stable, these beds, like the Malibu beds, 

are substantially less extensive than they 

were in the early 1900s. Thus, kelp bed 

resources are much less abundant than 

they were a century ago. 

Although today's giant kelp forests 

support a rich and varied community of 

fish, invertebrates and algae, the kelp 

forest community is dramatically differ

ent from the one present 100 years ago. 

Before being driven locally extinct due to 

hunting for the fur trade, sea otters were 
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Rocky intertidal sites in Santa 

Monica Bay are heavily used; 

popular sites may receive up to 

50,000 visitors per year along 

one 100 meter stretch of coast. 

keystone predators who fed voraciously 

on sea urchins, crabs, abalone, and other 

bottom-dwelling species. Other top pred

ators, especially black sea bass, have 

been reduced to such low abundances by 

fishing that they are ecologically extinct; 

that is, they no longer play the roles they 

once did in the natural ecosystem. These 

ecosystem effects from harvesting top 

predators persist today. 

Rocky Intertidal Like kelp beds, rocky 

intertidal habitats o.ccur in Palos Verdes 

and Malibu. These rocky areas are under 

water during high tide, but during low 

tide a rich variety of marine animals and 

plants are exposed to the air, making 

these two areas popular places to view 

marine life up close. Rocky intertidal 

sites in Santa }ionica Bay are heavily 

used; popular sites may receive up to 

50,000 visitors per year along one 100 

meter stretch of coast (see Figure 2). 

Long-time visitors to rocky intertidal 

habitats often comment on how much the 

rocky intertidal community has changed, 

and recent studies have confliTIJ,ed some 

species are less common at heavily used 

sites compared to ·light1y used sites. 



In spite o.f a qecades.,oLd 

ban, DDT concent,:at1ons 

remain hi:gh arountl the 
Palps Vetdes ·Peninsula. 

Other species, such as black abalone, 

have disappeared completely due to 

overharvesting. Few large individuals are 

found of a conspicuous limpet, the owl 

limpet, also due to overharvesting. The 

loss oflarge individuals may have greater 

population consequences for this species 

than one might expect because of its 

interesting life history: owl limpets start 

life as males and then change sex to 

females when they grow larger. Thus, 

harvesting the largest limpets removes 

most of the females from a population, 

reducing the population's chance to sus

tain itself. Other species are sensitive to 

trampling by visitors to the tidal area. 

Although it is clear that collecting 

and trampling have affected many 

species, we don't know how much water 

quality problems are affecting intertidal 

organisms. Studies done in the 1950s 

indicated wastewater discharges reduced 

algal species diversity, and many studies 

have shown that intertidal organisms can 

be affected by water pollution. However, 

there are no recent studies to show 

whether intertidal organisms in Santa 

Monica Bay are currently being affected 

by poor water quality. 
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Figure 1. Change in kelp bed areas iri Palos Verdes and Malibu over time. Data from 
California Department of Fish and Game and MBC AppLied Environmental Sdences. 

Soft Bottom Most of Santa Monica Bay 

consists of soft-bottom habitat. Until 

recently, the animals living in this habi

tat were severely affected by wastewater 

discharges, with areas around discharge 

points having degraded communities. 

Following improvements in sewage treat

ment beginning in the 1970s, these 

communities recovered well, and today 

the animals close to sewage discharge 

points are similar to those in other areas 

of the Bay. 

DDT has had a particularly severe 

impact on the organisms of Santa 

Monica Bay, an impact felt throughout 

southern California. Montrose Chemical 

Corporation, a major manufacturer of 

DDT, discharged millions of pounds 

of DDT through the municipal sewer 
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system and onto the Palos Verdes Shelf. 

Recent surveys estimate that more than 

100 tons of DDT remain in the sediments 

off of Palos Verdes. DDT, which is bio

concentrated up the food chain, resulted 

in nea~;-extinctions of some species 

(peregrine falcons, brown pelicans, bald 

eagles) and serious human health risks to 

people eating some fish species caught in 

the Bay. In spite of a decades-old ban, 

DDT concentrations remain high around 

the Palos Verdes Peninsula, and fish 

advisories still warn fishers not to con

sume a number of species caught in 

Santa Monica Bay. 

Nonpoint source pollution is cur

rently the major source of impact to the 

soft bottom community. This pollution 

source includes stormwater runoff as well 
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Figure 2. Visitor use a~ California intertidal sites. Datafor Santa Monica Bay (dark bars) 
from Ambrose and Smith (2004); for other sites from various sources as summarized in 
Tenera (2003). 

as dry weather flows resulting from irri

gation and other types of runoff. As the 

regional human population grows, the 

amount of nonpoint source pollution 

grows, and efforts to cont;ol nonpoint 

sources have not been as effective as past 

efforts to control point source pollution. 

The previous article on water quality 

,Provides some reason for optimism m 

controlling nonpoint source pollution. 

Fish In the 1960s and 1970s, concern 

about the health of Smta Monica Bay 

was heightened by the regular occur

rence of clearly unhealthy fish with 

tumors, lesions and fin erosion. 

Following passage of the. Clean Water 

Act and subsequent reduction of contam

inants in wastewater discharges, water 

quality in the Bay improved (see below) 

and the number of fish with conspicuous 

anomalies decreased. Currently, individ

ual fish appear to be healthy, although 

some species continue to have high con

centrations of contaminants in their 

tissues (see DDT di~cussion ~ov~). 
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Although . the health of individual 

fish is better than 30 years ago, the sta

tus of fish populations is largely 

unknown. The Bay once supported a 

commercial fishery, but commercial fish

ing has been banned from the Bay. 

Recreational fishing, however, is still 

popular from the shoreline, piers and 

boats. Surprisingly, there has been no 

systematic scientific assessment of fish 

populations in the Bay. As in many 

places, our information about fish popu

lations in the Bay comes from fisheries 

data, principally the catch per unit effort 

of fishing. Since fishing effort and catch 

vary in response to changes in climate, 

availability of alternative fish species, 

and economic and other factors unrelat

ed to the size of fish pop~lations, fish

eries data may not reflect the true status 

of fish populations. Since no fisheries

independent data are available, we do 

not know the status of fish stocks in 

Santa Monica Bay. What we do know 

about the fisheries suggests that some 

fish stocks are healthy, while others are 

likely depleted. 
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MANAG.EMENT 

Concern about the health of Santa 

Monica Bay and its marine resources 

captured the public's attention in the 

1960's, mirroring concerns throughout 

the United States about environmental 

degradation. Although not as dramatic as 

the 1969 conflagration of Cleveland's 

Cuyal10ga River, tumors and lesions sim

ilar to those observed for Santa Monica 

Bay fish were found in fish throughout 

the country, and were partly responsible 

for the public concern that culminated in 

the passage of the Clean Water Act of 

1972 (CWA). The CWA resulted in a 

rapid reduction in the contaminants in 

wastewater discharged to Santa Monica 

Bay (see Figure 3). However, the CWA 

was less successful at controlling the 

more diffuse non-point sources of con

tamination (such as ~torm drains). 

Although currently a number of efforts 

are underway to control pollution from 

non-point sources, this discrepancy 

reveals a limitation with the approach of 

using national legislation to protect local 

marine resources. As a consequence, the 
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effectiveness of the Los Angeles 

Regional Water Quality Control Board, 

which implements most sections of the 

CWA in Santa Monica Bay, has been 

mixed. 

In part because of these limitations, 

there have a number of key legal actions 

that have influenced the health of Santa 

Monica Bay. Lawsuits by environmental 

'groups such as Heal the Bay, Natural 

Resources Defense Council and the 

Santa Monica Baykeeper have resulted 

in improved sewage treatment and the 

implementation of important water qual-
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Black abalone was so. heavily overharvested 'thaUt can no lonf!Jer be 
found in the Santa Monica. Bay. 

Black.sea bass are now ecologically extinct in the Sarita Monica Bay. 

ity regulations. As noted earlier, one of 

the most critical sources of pollution in 

Santa Monica Bay is the large deposit of 

DDT off ·the Palos Verdes Peninsula. In 

1990, the U.S. Government and State of 

California filed suit under the federal 

Superfund law against Montrose 

Chemical Corporation (the manufacturer) 

and many other entities. The lawsuit was 

settled in 2000 for $140 million, to be 

used to restore affected bird and fish 

populations and to restore opportunities 

to fish for uncontaminated fish, as well as 

to address the contaminated sediments 

offshore and public health risks. 

Since 1988, government efforts to 

clean up Santa Monica Bay have been 

guided by an unusual coordination of 

local, state and federal agencies and 

other local stakeholders through the 

Santa Monica Bay Restoration 

Commission (SMBRC). The SMBRC has 

created a vision for improving the Bay 

ecosystem, produced a management 

plan, coordinated efforts by various 

groups, and funded research to fill data 

gaps and projects.to improve water qual-. 

ity or restore habitats. 

Although substantial progress has 

been made towards reducing water pol- . 

lution in the Bay, past efforts have 

focused less on protecting and restoring 

marine habitats. The scientific commu

nity has focused recently on the value of 

using Marine Protected Areas (MP As) 

for both ecosystem protection and fish-
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eries management, and the recent 

Marine Life Protection Act has initiated 

a process for developing a network of 

marine reserves in California. Despite 

good scientific evidence for the ecologi

cal benefits of marine reserves, their 

implementation has been controversial, 

particularly among sportfishing groups. 

Several MP As already exist in Santa 

Monica Bay, but they provide little real 

protection to marine resources. There 

currently are no no-take marine reserves 

in the Bay that prohibit harvesting of all 

species. Moreover, even though collect

ing is prohibited at many of the popular 

rocky intertidal sites, there is little 

enforcement and collecting is rampant. 

Existing regulations also do nothing to 
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Perhaps the most encouraging sign about the future of marine resources in 

Santa Monica Bay is the tremendous public support for improving conditions in the B.ay. 

The Bay enjoys substantial stakeholder involvement from organized environmental groups 

such as Heal the Bay and the Santa Monica Baykeeper as well as from many individuals. 

reduce the impacts of trampling in the 

intertidal areas. 

There have been relatively few 

attempts to restore the Bay's marine 

resources. Kelp restoration helped the 

Palos Verdes kelp beds to recover in the 

1970s, and there are again efforts to 

restore kelp beds along the Malibu and 

Palos Verdes coastlines. The money from 

the settlement of the DDT lawsuit will be 

used for a variety of purposes, including 

restoring fishing opportunities and fish 

h'abitat in Santa Monica Bay, possibly by 

constructing artificial reefs in the Bay. 

Restoration of the Bay's rocky intertidal 

resources will depend on the elimination 

of both collection of intertidal organisms 

and trampling from visitors. Although 

this has been accomplished elsewhere in 

California, it would require a dramatic 

shift in attitude about open access to 

coastal habitats and there are currently 

no specific plans for implementing such 

a management technique in the Santa 

Monica Bay. It might be politically sim

pler to restore key intertidal species. For 

example, black abaione disappeared 

from Santa Monica Bay intertidal habi

tats after extensive harvesting, and they 

might be re-established at sites with 

ad~quate enforcement against collecting. 

However, their restoration is complicated 

· by the fact that a disease has since virtu

ally eliminated black abalone from 

southern California, so restoration would 

depend on the availability of resistant 

individuals. 

Perhaps the most encouraging sign 

about the future of marine resources in 

Santa Monica Bay is the tremendous 

public support for improving conditions 

in the Bay. The Bay enjoys substantial 

stakeholder involvement from organized 

environmental' groups such as Heal the 

Bay and the Santa Monica Baykeeper as 

well as from many individuals. Recently, 

there has been an influx of funds from 

bond acts and legislation for safer beach

es, improved water quality, and preserv

ing and restoring habitats. In 2000, State 

Propositions 12 and 13 passed, providing 

$2 billion for the acquisition and 

improvement of parks, including $700 

million to the County and City of Los 

Angeles. In 2002, State Propositions 40 

and 50 passed, providing $5 billion for 

clean drinking water, safe beaches and 

coastal waters, and wildlife and open 

SOUTHERN CALIFORNIA ENVIRONMENTAL REPORT CARD 2005 

space protection. Most recently, in 

November 2004 the voters of Los 

Angeles passed a $500 million bond act 

to help the City clean up stormwater. 

There are currently many projects 

focused on implementing actions to 

improve the quality of water in the Ba,y as 

well as projects to restore kelp forests in 

the· Bay. The challenges remaining are 

many, since the simplest and least 

expensive approaches have already been 

implemented. It is likely some species 

will not return to their former promi

nence for decades, if ever. Even in these 

cases, though, there is reason to be opti

mistic about their long-term prospects. 

For example, black sea bass have begun 

to recover after decades of low abun

dances through a combination of closure 

of the fishery and a ban on nearshore 

gillnet fishing that had been catching 

black sea bass incidentally. Most impor

tantly, the commitment to protecting the 

marine resources of the Bay is strong and 

widespread, and with the recent avail

ability of funds for water quality improve

ment and restoration, the prospects for 

improving the status of marine resources 

in the Bay are excellent. 



Kelp forest in Ma:Libli following restoration 
efforts. 

GRADES 

Status Of The Resources The marine 

resources of Santa Monica Bay (and else

where in southern California) suffer from 

being so close to a large metropolis. The 

Bay's oceanography coupled with recent 

management actions result in a rich 

marine fauna and flora, certainly in bet

ter condition than it was 30 years ago but 

still suffering the effects of historic. (e.g., 

remov·al of top predators) and recent 

(e.g., harvesting and trampling of rocky 

intertidal organisms) impacts. There are 

also critical gaps in our understanding 

about the status of some resources. The 

grade might drop to a C if, for example, 

· The commitment to protecting the marine resources of the 

Bay i.s strong and widespread, and with the recent availability 

of funds for water quality improvement and restoration, 

the .prospects for improving the status of marine resources 

in the Bay are excellent. 

studies demonstrate ongoing impacts of 

water quality on rocky reef organisms or 

depressed fish populations. Grade B-

Agencies Marine resources in Santa 

Monica Bay are managed and influenced 

by the actions of a broad array of local, 

state and federal agencies. Many of these 

have· been effective at protecting and 

restoring the resources of the Bay. For 

example, the Santa Monica Bay 

Restoration Commission is focused 

entirely on the Bay, and the Los Angeles 

Regional Water Quality Control Board 

has been working hard to implement 

stormwater regulations that would pro

tect the health of the Bay (given a grade 

of A in the 2004 Environmental Report 

Card). Some municipalities, such as 

Santa Monica, have acted decisively to 

minimize their impact on the Bay's 

resources. These agencies have had 

mixed success in protecting the Bay, 

however, in part because of the complex

ity of the environmental· and political 

conditions. Moreover, a number of local 

governments (often those away from the 

c.oast, whose watersheds nonetheless 

drain into theBay) have chosen to resist 
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regulatory attempts to improve water 

quality. In addition, critical information 

gaps remain and the protection of rocky 

intertidal communities has been ineffec

tive. Grade B 

Community Support Santa Monica Bay 

enjoys tremendous support from the com

munity. Non-profit groups such as Heal 

the Bay and the Santa Monica Bay keeper 

have played a critical role in focusing the 

public's attention on the problems of the 

Bay and in encouraging (sometimes 

through litigation) agencies to act to pro

tect the Bay. These organizations provide 

a model for how science-based l).dvocacy 

can influence environmental policy, with 

significant effects on the resources of the 

Bay. Local citizens have literally voted 

with their wallet, passing state and local 

propositions that are providing much

needed fpnds to improve the resources of 

the Bay. On the other hand, many mem

bers of the public remain ignorant or 

apathetic about their impacts on the 

resources of Santa Monica Bay, and the 

resulting non-point source pollution is a 

serious problem for the Bay. It is a diffi

cUlt task; but agencies ana non-profits 



Yet many members of the public remain ignorant o.r 

ap:ath:etic about their impacts on the resources of 

Santa Monica Bay, and the resulti:tl9 non-p.oint 

source pollution is a seriOIJS problem for the Bay. 

must do a better job educating the gener

al public about how their activities 

impact Santa Monica Bay, and why they 

should care. Grade A-

Much of the information in this chapter 

was compiled by the Santa Monica Bay 

Restoration Commission (SMBRC) for its 

2004 State of the Bay report. 

I thank the SMBRC staff and my fel

low Technical Advisory Committee mem

bers for their help in compiling these 

data. The SMBRC also supported the 

research on the impacts of visitors on 

rocky intertidal communities. The opin

ions expressed are those of the author. 
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Southern California has experienced a 

varie.ty of crises resulting from the 

release of hazardous waste and toxic sub

stances. The mishandling of hazardous 

waste by industry has created the 

region's 23 superfund sites. Leaks from 

underground storage tanks, owned prima

rily by gas stations, have contaminated 

important sources of drinking water from 

groundwater. Soil contamination has led 

to difficult problems with urban redevel

opment and school placement. These 

problems are particularly important 

because they degrade water and land 

resources, both of which are in short sup

ply in Southern California. 

Recently California restructured its 

regulatory approach to try to deal more 

effectively with these hazardous waste 

releases. We describe this effort, focus

ing upon the regulation of underground 

storage tanks and hazardous waste 

generators, and compare the regulatory 

performance of county and city govern

ments in Southern California. Although 

we show that hazardous waste releases 

and underground storage tank leakages 

are declining, we document areas of 

inadequate rates of inspection, enforce-

ment actions and compliance s;trategies. 

We conclude by recommending specific 

changes in 1) the targeting of oversight 

efforts towards counties rather than 

cities, 2) setting fees to more adequately 

support local staffing needs, 3) creating 

monitoring systems to track progress 

towards compliance once a violation is 

detected and 4) strengthening local legal 

capacity for enforcement. 

REGULATORY 
RESTRUCTURING 

Until 1993, the public response to 

problems of hazardous waste manage

ment was incomplete and fragmented. 

The prior approach was a poorly 

designed system of delegation to local 

governments. Under the overlapping 

jurisdiction of the State Water Quality 

Control Board, the Department of Toxic 

Substances Control, and CalEPA, over 

1300 local government agencies had 

fragmented jurisdiction. Each agency 

regulated some aspect of hazardous 

waste generation or treatment, or storage 

by firms. This "let a thousand flowers 

bloom" approach to local regulation pro-
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duced some excellent regulatory pro

grams, but led to a lack of consistency 

and unifmmity, Many businesses com

plained of confusing and contradictory 

requirements from multiple regulators 

with often overlapping responsibilities. 

In 1993, then-Governor Pete Wilson 

supported legislation for the Certified 

Unified Program Agency (or CUPA) pro

gram, which mandated the consolidation 

of six major hazardous waste programs by 

1997 into one agency in each responsible 

local government. I This push was driven 

in part by a desire to ease the regulatory 

burden on business by decreasing the 

number of overlapping inspections, fees, 

and permits. However, the legislation also 

contained provisions intended to improve 

the monitoring and enforcement of haz

ardous waste laws, requiring that every 

area be under the jurisdiction of a county 

or city CUPA and instituting minimum 

inspection procedures and frequencies. 

The CUPA program generally oper

ates under the auspices of the Federal 

Resource Conservation and Recovery 

Act (RCRA). RCRA mandates the track

ing and monitoring of hazardo11s waste 

from its generation to its disposal. The 



Leaking underground storage 

tanks and hazardous waste 

generators represent the two 

Largest toxic threats in 

South.ern California. 

Department ofToxics Substances Control 

(DTSC) is charged with ensuring that 

RCRA requirements are fol~owed in 

California. It delegates authority to local 

governments who implement the CUPA 

program through inspections and 

enforcement actions in four areas: stor

age tanks, hazardous waste generating 

facilities, safety plans for hazardous 

waste releases, and treatment and recy

cling facilities. The DTSC then oversees 

CUPA efforts and is directly responsible 

for some larger facilities. 

An interesting feature of the CUP A 

program is that cities can assume respon

sibility for implementing hazardous 

waste programs if they petition their sur

rounding county and it approves. This 

selection process has produced a set of 

cities with distinctive characteristics. 

One might expect that volu11teer cities 

are likely to prefer a higher level of reg

ulation than their surrounding county. 

The state and the surrounding county are 

likely to veto cities that might want lower 

levels in light of the state minimum 

inspection regime and other performance 

requirements. As we will see shortly, this 

conjecture turns out to be true in the case 

:-·,Non-Drinking Water Groundwater 

--Other 

-- Drinking Water Well(s) 

Figure 1. Reported leaks from underground storage tanks by media affected. 

of the underground storage tank (UST) 

and hazardous waste generator (HWG) 

programs, where various indicators of 

regulatory effort show the involved cities 

are doing a better job of regulation than 

.counties. 

LEAKING UNDERGROUND 
STORAGE TANK REGULATION 

Each of the seven Southern California 

counties has designated one ofits agen

cies (commonly their environmental, 

public health, or fire departments) as its 

CUP A agency. In addition, ll cities have 

. volunteered to run CUPA agencies. 

Among CUPA programs, the leaking 
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underground storage tanks and haz~ 

ardous waste generators represent the 

two largest toxic threats in Southern 

California. The principal public concern 

about underground storage tanks .in 

recent years has been the contamination 

of groundwater supplies with MTBE, a 

gasoline additive. In response to the 

MTBE crisis, California increased the 

required inspection frequency for tanks 

from triennially to annually, effective in 

FY 2000-0l. Another concern about 

CUPAs is whether they have the ability 

to carry out their enforcement responsi

bilities, in part because localities must 

involve the local District Attorney for 

many types of violations. In response, 
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Figure 2. Re}Dorteo leaks from underground storage tanks. 

there are ongoing efforts to provide all 

CUPAs with an administrative enforce

ment ability to avoid using the DA and to 

save costs. 

Issues of groundwater contamina

tion, especially by MTBE, have grown in 

importance. The CUPAs are the front-line 

regulators of USTs, which are responsible 

for the lion's share of MTBE contamina

tion, as well as contributing to other soil 

and water contamination.· A key event in 

UST regulation was the requirement that 

all tanks be upgraded to new, more leak

proof standards by the end of 1998. By 

the end of 1999, most tanks were in com

pliance. The data from Southern 

Califomia show that the tank standards 

upgrade seems to have reduced the num

ber of leaks substantially. 

Because most of the leaks from USTs 

occur in the county CUP.Ns jurisdiction 

(as opposed to in the ll cities), it is not 

surprising these declines in leaks mostly 

occurred in the County CUPA. Figure 2 

shows a similar trend for the average 

number of leaks per facility with a UST. 

The average rate of leaks has 

declined in boti1 the city and county 

CUP As since tanks were upgraded to the 

1998 requirements. The graphs also 

raise several interesting questions. For 

example, the decrease in the leak rate is 

much more substantial for counties. The 

graph also shows that cities .on average 
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Cities on average do far 

more inspections per 

underground storage tank 

facility than. counties. 

have fewer leaks per UST facility, even in 

the post 1999 period, at a time when 

there should not be significant differ

ences in tank construction. It is also 

difficult to attribute these differences to 

differences in the size or type of facilities 

between cities and counties, since well 

over 90% of the UST facilities are gas 

stations which almost all have the same 

number of USTs (3 to 4 on average). 

What accounts for the differences 

between cities and counties? The inten

si):y of regulation may account for some of 

this observed difference in leak rates. 

Cities on average do far more inspections 

per UST facility than counties. Over the 

entire period of CUPA operation, cities 

conducted close to double the number of 

inspections that counties did (about 1.1 

inspections/year for cities versus about 

0.6 inspections/year by counties). For the 

recent period of FY 2001-2003, cities 

conducted approximately 1.2 inspections 

per year while counties have improved 

to 0.63 inspections per year. Our data 

show counties are not meeting the State 

requirement of annual inspections 

whereas cities are sl~!#ly above the 

requirement. In FY 2003 only 1 of 6 



Figure 3. Hazardous waste environmental releases. 

counties averaged at least l 

inspection/year while 8 of ll cities 

averaged at least annual inspections in 

the UST program. These proportions 

persist to the present time. 

Of course inspections are just one 

part of the enforcement story. For effec

tive enforcement, local governments must 

follow up on inspections by correcting 

any violations they find through formal or 

informal enforcement actions. Again, it 

appears cities are outperforming coun

ties when we look: at the ratio of enforce

ment actions to violations. In recent 

years (FY 2001-2003), the weighted 

average2 of enforcement actions/viola-

tions shows cities respond with almost 

twice as many enforcement actions for 

each violation. Counties do pursue more 

formal enforcement actions-civil, crim

inal, or administrative cases-which are 

more likely to produce larger fines. This 

may be because lower levels of monitor

ing mean that violations become more 

egregious before they are discovered. 

The City CUP A programs appear to 

be generally in compliance with state 

requirements and to be pursuing vigorous 

UST regulatory enforcement programs. 

However, the county CUPAs have much 

more work to do to raise their inspection 

frequency up to state-~andated mini-
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mums. In addition, it appears the County 

CUPAs can do more to pursue the viola

tions they do uncover in their inspections. 

Recently introduced State legislation that 

would give all CUP As the ability to assess 

administrative penalties might assist the 

counties in increasing their enforcement. 

The combination of greater inspection 

and enforcement frequency could help 

counties lower the tank leak incidence 

rate to city levels and slow further degra

dation of Southern California's soil and 

water. 

HAZARDOUS WASTE 
MANAG.EMENT REGULATION 

The Hazardous Waste Generators and 

Large Quantity Generators programs reg

ulate a wide variety of businesses from 

small paint shops to dry cleaners to large 

manufacturing concerns. Unlike the UST 

program, the state does not track all 

releases of pollutants from facilities in 

these programs. However, the federal 

Toxics Release Inventory (TRI) database 

tracks hazardous waste releases from a 

wide variety of (mostly manufacturing) 

facilities .. The TRI database overlaps con-
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Fig.ure 4. Mean inspettions per facility for hazardous waste 
generators. 

Figure 5.. Enforcement rates per violation for hazardous waste 
generators. 

siderably with the finns in these programs 

and gives us our best picture of toxic pol

lutant trends in Southern California. 

Figure 3 shows total tons of haz

ardous waste environmental releases in 

Southern California.3 For all years, about 

80% of environmental releases are air

borne, with the rest split between under

ground injection and soil. Since the 

inception of the CUPA program, total 

releases are down 27%. The CUPA 

program may be responsible for some 

portion of that decline, but it is likely 

that larger economic factors such as the 

decline in industrial output in Southern 

California explains some of the decline. 

An examination of inspection rates 

again shows cities doing more than coun

ties. Over FY 2001-2003, cities averaged 

0.81 inspections/facility per year while 

counties averaged 0.43. Although this 

gap is narrowing it is due to a drop in 

cities' inspection rates, declining to 0.65 

inspections/facility per year while coun

ties remained at a rate of 0.43. 

For the large quantity generators, 

there are not large city-county differ

ences. Counties undertake slightly more 

inspections per year but this is probably 

because cities have few or no Large 

Quantity Generators. 

Figure 4 shows the inspection rate 

trends for Hazardous Waste Generators. 

We computed a 3-year ;:tverage of inspec

tions/facility to determine whether juris

dictions were on average completing 

enough inspections to meet state reguire

ments. Under this measure, by 2003 9 of 
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the ll cities and 4· of 7 counties were 

maldng enough inspections to fulfill state 

requirements. Cities are doing better 

than counties on this measure, but a 

slight majority of counties are qompleting 

enough inspections to fulfill their 

requirements. 

Our final measure of regulatory 

effort is the enforcement rate. Figure 5 

shows the distribution of enforcement 

rates. The median enforcement rates for 

both cities and counties hover around 

l.O, meaning on average Hazardous 

Waste Generator violations are followed 

up by at least one informal or formal 

enforcement action. There are no signifi

cant differences between cities and 

counties on this measure. 



Local governments must follow up on inspections 

by correcting any violations they find through 

formal or informaL enforcement actions. Again, 

it appears cities are outperforming counties. 

RECOMMEN.DATIONS .AND 
CONCLUSIONS 

In Southern California, there has been a 

substantial reduction in environmental 

releases of hazardous waste since the 

inception of the CUPA program but sig

nificant improvements are needed to 

achieve uniform compliance with the 

goals of the Resource Conservation and 

Recovery Act and state statutes. 

Cities are by and large putting 

enough effort into their inspection pro

grams to fulfill state requirements, 

alth01.1.gh the declining inspection rates 

for cities in the past several years bear 

watching. However, a much smaller pro

portion of counties are conducting 

enough inspections to satisfy state 

requirements. Clearly, the remaining 

counties need to improve their efforts, 

especially since the triennial inspection 

s.tandard that we used to judge their per

formance is a low bar to meet. 
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Two policy changes would improve 

inspection behavior by CUPA. First, 

many CUPAs implement inspection fee 

structures that partially or fully support 

the staffing levels needed to achieve 

compliance. One way to increase CUP As' 

enforcement capacity is for the State (via 

the Department of Toxic Substance 

Control) to set minimum fees based on 

the cost of fully-compliant inspection 

rates. This minimum fee structure should 

be based on the CUPA with the lowest 

statewide costs and indexed to the state 

rate of wage inflation. Second, the 

Department of Tox).c Substance Control 

needs to increase its technical assistan,ce 

and its oversight to counties. Both 

actions are needed since counties appear 

less able and willing to undertake ade

quate inspections. 

The adequacy of CUPA enforcement 

behavior is much harder to evaluate.4 

This is because no firm-specific violation 

or enforcement data are currently 
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The combination of greater inspection and enforcement 

frequency could he~p counties lower the tank leak 

incidence rate to city Levels and slow further degradation 

of Southern California's soil and water degradation. 

reported. More critically, the CUPAs do 

not have a system to monitor whether 

compliance occurs after a violation is 

identified. The Department of Toxic 

Substance Control should support the 

creation of a common uniform database 

that tracks firms' progression from the 

initial discovery of violation through 

enforcement, if any is needed, and back 

into a state of compliance. In addition, 

the State has long recognized the need to 

strengthen CUPA's legal capacity to 

develop the evidentiary basis for prose

cuting violators. Better tracking and doc

umenting the extent of firms' non-com

pliance behavior would also strengthen 

CUPA legal capacity. 

GRADES 

Cities B+ 

Counties B-

NOTES 

1. Under and above-ground storage tanks, 
Hazardous Waste Generators, California 
Accidental Release Prevention Program 
(CalARP), Hazardous Release Response 
Plans and Inventories (HMMRP), Permit by 
Rule, and Large Quantity Generators. 

2. Weighting by number of UST facilities, so 
that small jurisdictions do not overly sway the 
mean. 

3. These facilities also generate waste that is 
transferred off-site for recycling or disposal, 
but we do not include this waste because it 
may not end up in Southern California and 
because there may be some double-counting 
of these transfers in the current TRI database. 

4. Both the Legislative Analyst's Office 
("Analysis of the 2000-01 Budget Bill: State 
Agencies Can Do More") and the California 
State Auditor ("DTSC: The Generator Fee 
Structure is Unfair, Recycling Efforts Require 
Improvements, and State and Local Agencies 
Need to Fully Implement the Unified 
Program") have noted weaknesses in CUPA 
enforcement capabilities and performance. 
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WHAT IS THE IOE? 

We are a community of scholars focused 

on finding sustainable solutions to major 

environmental problems. Our members 

and constituents represent a broad array 

of academic disciplines, research inter

ests, policy concerns and outreach 

avenues. Los Angeles is our home, and it 

provides a rich mixture of urban environ

mental health challenges and opportuni" 

ties for enhanced resource management. 

But our interests span the globe, from 

tropical ecosystems to innovative energy 

technologies. 

WHAT DO WE DO? 

• We create partnerships for new 

research that cross the traditional 

boundaries of science, social sci

ence, humanities, law, business, 

public health and public policy, to 

name a few. 

• We develop new policy solutions that 

affect the global, regional and local 

environments, and work with non

governmental organizations, includ

ing businesses and environmental 

organizations, as well as government 

agencies to maintain a lively debate. 

• We develop educational programs to 

meet the needs of today's students, 

whether they are environmental pro

fessionals or citizens of the world. 

UCLA 
THE NEW "GREEN" 
HEADQUARTERS FOR 
THE UCLA IOE 

In June, 2005, the UCLA Institute of the 

Environment moved its headquarters 

into the third floor of the newly con

structed La Kretz Hall, a three-story, 

20,000-square-foot facility named for 

UCLA alumnus Morton La Kretz, the 

principal donor to the $8.5 million 

project. It is the first certified "green" 

building on the UCLA campus. 

La Kretz Hall will provide classrooms 

for undergraduate education and distance 

learni~g, r office space, and facilities for 
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academic conferences. A: conference cen

ter on the first floor includes a 350-seat 

auditorium, two 20-seat breakout seminar 

rooms, and a 45-seat classroom that can 

be equipped for distance-learning classes. 

La Kretz Hall was designed by 

The Smith Group architectural firm and 

constructed by West Coast Nielsen. 

WHAT DOES Ii MEAN TO BE 
"GREEN"? 

Rapidly renewable an? low-emitting 

materials, operable windows, and low 

e1;1ergy consumption will make La Kretz 

Hall the first UCLA facility certified by 

the prestigious U.S. Green Building 

Council LEED (Leadership in Energy 

and Environmental Design) Green 

Building Rating System. 

The efficient mechanical systems in 

La Kretz Hall have sensors to measure 

and verify carbon dioxide content and 

overall air quality, providing a better 

working environment and lowering the 

building's energy consumption. The design 

includes infrastructure for future instal

lation of building-integrated photovoltaic 
- ·-- -·. 

(BIPV) panels to provide a renewable 



source of energy. A displacement air sys

tem, which supplies ventilation from the 

floor rather than the ceiling, will reduce 

electricity usage even further. To encour

age bicycle commuting, members of the 

Institute of the Environment will have 

access to protected bicycle storage, 

changing rooms and showers. 

The building sits on top of an exist

ing 5-million gallon tank, which supplies 

chilled water to UCLNs air conditioning 

systems. Stacking the new construction 

above an existing structure allowed the 

university to save valuable land space 

and avoid the environmental impact of 

developing a new site. 

Other "green" design aspects of 

La Kretz Hall that satisfy certification 

standards of the US Green Building 

Council include: 

• Use of recycled materials in con

struction. The building steel contains 

80% recycled content. Other materi

als, such as rebar, concrete, gypsum 

wall board, miscellaneous metals, 

and concrete treads also use recycled 

content 

La Kretz Hall 

• Reuse of existing land, reducing 

the environmental impact of the new 

construction 

• Light colored paving based on the 

UCLA standard, and an Energy Star 

roof to eliminate the "heat island 

effect" 

• Interior and exterior lighting is 

designed to permit views of the night 

sky and reduce the impact on the 

nocturnal environment 

• Carbon dioxide monitors guarantee 

indoor air quality 

• Drought-tolerant plants instead of 

paving, and vines to cover the water 

tank and minimize storm water 

runoff, increase on-site filtration 

and reduce contaminants 

• Premium water efficiency inside 

the building, which uses 20% less 
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water than ·required by the Energy 

Policy Act o0992, including water

conserving plumbing fixtures that 

exceed EPA requirements 

Heating, ventilation, air conditioning, 

service hot water, lighting, and other 

regulated systems are all designed to 

reduce energy use and cost 

• Natural ventilation and displacement 

supply in the auditorium 

• Accessible areas are dedicated to 

separation, collection and storage for 

recycling paper, glass, plastics and 

metals generated by building users 

Low-emitting materials including 

adhesives, paints, coatings, carpet, 

and composite wood 

• Use of recycled furniture and floor

ing throughout the IoE offices. 
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From the Director, continued 

Behind the Report Card are two very tal

ented editors, Ann Carlson and Arthur 

Winer. These two professors took on the 

responsibility of selecting the authors 

and working with them to put the articles 

into a format that includes high -level 

graphics and illustrations, then shep

herding the whole document through 

publication and release, for the second 

consecutive year. Their dedication to the 

environment is remarkable. Happily, they 

are not alone at UCLA in their enthusi

asm for tackling multi-disciplinary, 

multi-faceted environmental problems. 

This has been a landmark year for 

UCL.A:s Institute of the Environment. 

Our new office, atop La Kretz Hall, gives 

us a light-filled, highly functional, ener

gy efficient space from which to carry out 

our mission of bringing people together 

to think about ways to address important 

environmental issues through interdisci

plinary research, teaching and public 

s.ervice. Nearly 400 guests (including our 

benefactor Morton La Kretz and his 

family) attended the opening ceremony 

in the new science lecture hall that fills 

most of the lower two floors. The guests 

were treated to a provocative lecture by 

Professor Jared ·Diamond, whose latest 

book, Collapse, reminds us of the ways in 

which many formerly vital societies in 

the past have vanished because they 

failed to recognize the need to change in 

the face of a loss of important natural 

resources. The Report Card essays remind 

us that while. there is much to encourage 

us in Southern California's efforts to 

grapple with the threats of pollution, 

waste and ·changing climate, we have a 

long way to go to achieve a healthy and 

sustainable envirol).ment. The authors 

have provided some of their own ideas 

and proposals; to continue the conversa

tion, please visit the IoE website and feel 

free to communicate with us at our new 

address, shown inside the front cover. 

UCLA INSTITUTE OF THE ENVIRONMENT 
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ABSTRACT 

Stmmwater monitoring generally uses flow-weighted composite samplers to collect a 
representative sample of an entire stonn event. Composite samplers are convenient but 
unfortunately they can be expensive, especially for temporary sampling needs or for research 
projects. An altemative method is to use a series of grab samples. This paper examines the 
relationship between a.finite number of grab samples and an automated composite sampler. 
Both sampling techniques were simulated using runoff data collected from a three-year 
investigation of three highway sites. It is shown that a large number of grab samples is needed to 
approximate the flow weighted composite sample. Thi1iy grab samples per stonn event provided 
a good estimate of a composite sample. To detect a first flush, it is necessary to take even more 
samples or to weight the samples towards the beginning of the storm. The superiority ofthe 
automatic sampling equipment is demonstrated. 

INTRODUCTION 

Event mean concentrations (EMCs) have been extensively used in the past to characterize 
stonnwater pollutant loads. The EMC, by its name, represents the average concentration of the 
pollutant throughout the sto1m event. They differ from grab samples in that they estimate ai) 
entire event, as opposed to a single point in an event. EMCs are generally required for most 
monitoring programs. 

Practically, an EMC is estimated from either an automated composite sampler or a series of grab 
samples taken during a sto1m event. When estimating EMCs from grab samples, each grab 
sample represents an instant concentration of pollutants within a storm event, and the EMC is 
calculated from these instant concentration values. A reasonable calculation method, used by 
many authors (Charbeneau and Barrett, 1998; Wu et al., 1998, among others) is to use a 
discharge-weighted average of these instant concentrations. 

Automatic samplers are often.preferred because they can be operated remotely and can be 
. programmed to respond to a va1iety of conditions, including the start of a rainfall even±. They 
operate by collecting a large number of individual samples (1 00 or more), fanning a series of 
instant concentration samples. The EMC is equal to the result ofanalyzing the single, large 
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sample. However, in this case, EMCs can still mathematically be viewed as a result from instant 
concentTation measurements. 

The goal of this paper is to compare the reliability ofEMC data from the aspect of their 
estimation. A mathematical definition and its related calculation fonns will be introduced first. 
Next a stochastic approach with computer simulations will be used to evaluate the error 
associated with limited numbers of samples. In the theory part, the objective is toward general 
cases, not parameter or site specific. In the computer simulation pmi, a pre-described 
concentmtion model will be used for a pa1iicular case, in which the field data were collected 
fi:om three highway-monitoring sites for two seasons (1999-2001). Therefore, the simulation 
results m·e representative and useful in designing sto1111 water monitoring programs. This paper 
presents only the methods and results of a more in-depth study (Ma, 2002), which should be 
consulted for additional information. 

METHODOLOGY 
Mathematically, EMCs can be defined as total pollutant mass (M) discharged during an event 
divided by total volume (V) discharge of the stonn event. · 

M I C(t)Q(t)dt 
EMC =- = -=---=----

V IQ(t)dt 
(1) 

In equation 1, C(t) is a smooth real-valued function oftime that represents the pollutant 
concentration curve, and Q(t) is also a smooth real-valued function oftime that represents the 
stonnwater discharge flow rate curve. However, in practice, we estimate the integrals not by the 
functions of Q(t) and C(t) but by the measurements of Q(t) and C(t). We estimate the EMC fi:om 
discrete values. If we assume we measure the concentration and the discharge rate based on 
equal time-interval in a storm event, the EMC can be estimated as 

(2) 

where q1 and c1 are the measurements for the discharge rate and pollutant concentration in the i 117 

interval. From the point of view of approximating the continuous functions in equation 1, the 
more measurements we take, the more accurate approximation we can obtain by equation 2. 

When we view the measurements of the discharge rate as the weights, equation 2 becomes the 
discharge-weighted average throughout the stom1 event. 

EMC = ""w.c. ~II 
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"'" where wi is the flow weight, and L..i=l w; = 1. In practice, one common situation is the number of 

concentration measurements does not match the number of discharge measurements. Generally 
there are many fewer concentration measurements, because concentration measurements are 
much more expensive and time consuming; discharge measurements can be easily and 
automatically obtained by the instrument. For most situations we have to adjust the weights for 
each concentration measurement in equation 3. One of the reasonable ways to adjust the weights 
is to use the discharge volume. One approach (Charbeneau and Barrett, 1998) splits the 
discharge volume from the mid-point between two consecutive concentration measurements. 
Figure 1 shows this approach, and the adjusted weight can be written as: 

v 
W=-~-

i :L~ 
(5) 

where V; is the corresponding discharge volume for the i 111 concentration measurement. This 
mid-discharge splitting method can also be applied for measurements at unequal time-interval 
bases. Altematively, if the concentration measurements are based on constant discharge volume, 
the weighted average ofwici from is reduced to the arithmetic average. Ideally, automated 
samplers can collect samples in proportion to discharge volume. Additionally there are always 
slight errors (noise) in sample volume and pace that change the equal weights. Thus, EMC is 
still an inherent weighted average of concentration measurements. 
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Figure 1 Determination of Flow Weights (wl to wlO) for Grab Samples 
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COMPUTER SIMULATIONS OF EMCS 

A previously developed COD regression model will be used in this simulation, described as 
follows: 

E(logCOD I x) = 6.08- 0.60logCumRs + 0.40logAtDry- 0.161ogAtRs 

where, 
COD= 
CumRs= 

AtDry = 
AtRs= 

chemical oxygen demand concentration (mg/L), 
cumulative rainfall, corresponding to grab sample collection time, (0.01 inch 
increments), 
antecedent dry period before monitored events, days and 
previous event's precipitation before the monitored event, (0.01 inch increments) 

(6) 

Figure 2 shows the model's fitted values vs. the observations. The COD model can be used to 
predict any number of concentTations for a given hydro graph. In this way, collecting any munber 
of grab samples can be simulated. A random component is added (white noise) which has mean 
zero and a variance equal to the variance in the original data. A special simulation will use 
equation 6 to generate COD concentrations at one-minute intervals. This special simulation will 
be used as the benchmark in simulation tasks and is the shortest possible sampling frequency, 
since the rainfall and flow data are collected at one-minute intervals. The EMC is then calculated 
using equation 3, where the weights are the discharge rates. 

0 

0 
0 

0 

N 

2 4 6 8 
CODReg:Fit-Values 

Figure 2 Regression's Fitted Values vs. Observation 
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In order to illustrate this qne-minute simulation, one real event is used for demonstration. Figure 
3 shows the original and the smoothed event hydrographs. The smoothed hydrograph will be 
used in simulation to conect fluctuations in original data. Figure 4 shows the histogram of 1000 
simulated EMCs. The original sample mean is 116.36 (mg/L), and the mean of the simulations is 
116.25 (mg/L). 

To compare other sampling strategies, simulations were performed using different numbers and 
different strategies for collecting samples during typical storm events (e.g., random, equally 
spaced in time, equal volume, etc.). A total of35 different rainfall patterns, conesponding to 
actual observed pattems in our monitoring program, were used. Table 1 summaries the events. 
Each type of simulation will generate a distribution ofEMCs after multiple runs. Simulations 
that use more samples will produce EMCs that are closer to the original sample EMC. The value 
of differing numbers of samples as well as the strategy can be compared. 

Five types of sampling strategies were evaluated. Type 1 used random timing of the samples. 
The simulation assumes a sample set with specified size (n) that is randomly collected from all 
possible time elements during each tested event. It is a random pennutation of size n for a 
sequence. Theoretically, this is the most general case for a sample set with fixed size. The 
influence of sample size on EMC results is evaluated simulating 10, 20, 40, 60, and 100 samples 
per event. Type 2 used equal-time sampling. To avoid the extreme result of a sample sequence, 

· each selected sample sequence was randomly shifted forward or backward in a range (1 0 
minutes). Type 3 used equal-rainfall interval sampling by simulating the sample collection at 
equal intervals of rainfall depths. Type 4 used equal discharge-volume sampling. No weighting 
noise was assumed in this task (i.e., the weightings are perfectly known, without measurement 
enor). Type 5 was similar to Type 4, except that random noise was applied to the weighting 
factors (i.e., the discharged volumes cannot be perfectly measured). 

Table 1 H~drologic Characteristics for 35 Monitored Events 

Hydrologic Property Average StdDev Minimum Median Maximum 

Total Rainfall (in) 1.17 1.54 0.08 0.67 6.14 

Max Rain Intensity (in/hr) 0.31 0.33 0.02 0.19 1.28 

Discharge Volume (gal) 75022 99293 1799.5 36808 374217 

Max Discharge Rate (gpm) 340 304 17 258 1465 

Rain Duration (min) 660.5 512.7 93 610 2376 
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/-·-~ RESULTS AND DISCUSSION 

The results of the various simulations for different types of sampling strategies are presented in a 
series of figures. The figures show the distribution of simulated EMCs for each number of 
samples. Figure 5 (top) is a box plot and shows the results for Type 1. The worst error 
percentage can be up to 80% for n = 10. The average error percentages for n = 10, 20, 40, 60, 
and 100, are 47.0%, 30.2%, 19.5%, 15.3%, and 11.6% respectively. The medians of errors are 
slightly lower than the averages. The corresponding standard deviations are 13.9%, 7.2%, 4.1 %, 
2.9% and 2.2%. Type 1 is a benchmark on the influence of sample size for estimating EMCs, 
and is the most general sampling strategy. 

Figure 5 (middle) shows the sample distributions Type 2. Only one outlier was found for each n. 
The worst case is for n = 10 with error of approximately 66%, which is much improved over 
Type 1. The average error percentages for n = 10, 20, 40, 60, and 100, are 37.2%, 21.7%, 15.2%, 
12.4%, and 9:2% respectively. The medians of errors are generally the same as the averages. 
The corresponding standard deviations are 11.1 %, 4.4%, 2. 7%, 2.8% and 1. 7%. These statistics 
show an improvement over random sampling. 

Figure 5 (bottom) shows the sample distributions from Type 3. Although several outliers were 
fourid for n = 10, the worst case is approximately 30%, which is much improved over Type 2. 
The average error percentages for n = 10, 20, 40, 60, and 100, are 23.9%, 17.5%, 13.5%, 11.9%, 
and 10.5% respectively. The medians of errors are generally the same as the averages. The 
corresponding standard deviations are 2.2%, 2.2%, 2.6%, 3.2% and 3.7%, a large improvement 
over time sampling. 

Figure 6 (top) shows the sample distributions from Type 4. It is obvious on plot that this is the 
best result from the aspect of outliers, averages, or variances. The average error percentages for 
n = 10, 20, 40, 60, and 100, are 23%, 16.6%, 12.0%, 9.7%, and 7.5% respectively. The medians 
are generally the same as the averages. The corresponding standard deviations are 2.5%, 1.6%, 
1.2%, 1.0% and 0.7%. Figure 6 (bottom) shows the sample distributions for Type 5. This is the 
same strategy as Type 4, except that the weights are not perfectly measured. The average error 
percentages for n = 10, 20, 40, 60, and 100, are 23.5%, 17.1 %, 12.3%, 10.1 %, and 7.8% 
respectively. The corresponding standard deviations are 2.1 %, 1.6%, 1.3%, 0.9% and 0.8%. The 
effect of imperfect weights is not very large. 
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Figure 6 Sampling Distributions for Perfect Equal-Discharge Volume Sampling (top) and Equal-Discharge 
Volume Sampling with Noise (bottom) (as n = 10, 20, 40, 60, and 100) plus One-Minute Simulation. 

CONCLUSIONS 

This paper has shown that a flow weighted composite sample can be viewed as a series of grab 
samples summed with weights that reflect the flow. To evaluate the error of using a limited 
number of grab samples and the strategy for collecting the samples, a series of simulations was 
performed using a COD correlation, random noise and hydrographs from 35 different stonn 
events. 

The results show that a series of 10 grab samples provides a relatively poor estimate of the EMC, 
with median errors of 40% for randomly timed samples to 23% for samples collected at equal 
flow volumes. If the number of grab samples increases to 20, the error is reduced to 30% for 
randomly timed samples to 16% for samples collected at equal flow volumes. Even if 1 00_ 
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. samples are collected, the enor is still nearly twice as large as the minimum possible error, when 
samples are collected each minute. 

The best strategy is to collect the grab samples at equal flow volume intervals. Equal rainfall 
interval is the second choice, with equal timing and random timing being less desirable stTategies. 

The results show that automatic flow weighted composite samples, which can be programmed to 
collect several hundred samples per storm, are far superior than a collection of grab samples, 
even if 1 00 grab samples are used. If automatic composite samplers can be used without 
chemical or physical biases (e.g., such as the concems of sample CatTy-over when sampling for 
oil and grease, or the introduction of artifactual toxicity), they are always prefened. 
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Recommended analytical methods for AB 411 Page 1 of 4 

Recommended Methods for the Analysis of Recreational 
Marine Water to Comply with AB 411 

Last Update: March 28, 2000 

The following methods are recommended by the Environmental Laboratory Accreditation Program 
(ELAP) and the Microbiological Disease Laboratory (MDL) for the analysis of recreational marine wa 
for compliance with Health and Safety Code §115880 [Assembly Bill 411 (AB 411), Statutes of 199 
Chapter 765]. 

I Recommended Methods for the Analysis of Recreational Marine Water for AB 411 

I TOTAL COLIFORM BACTERIA 

!Total Coliform by Multiple Tube Fermentation (MTF) !IsM 9221 s c1 , 2) 

Total Coliform by Membrane Filtration (MF) 
IsM 9222 s c1, 2 ) 

Using m-Endo 

See comments below on Coliiert™ 18 Medium (IDEXX) (Quanti-Tray™) for total 
coliforms 

I FECAL COLIFORM BACTERIA I 
Fecal Coliform* by Multiple Tube Fermentation 

IsM 9221 c, E Cl,,J 

I 
(MTF) 

Using EC Medium 

Fecal Coliform* by Membrane Filtration 
IsM 9222 D c1 ,2) 

I Using m-FC (?,S) 

* With the written approval of the local health officer and with data showing comparative 
numbers for fecal coliforms and E. coli, a laboratory may instead test for E. coli, a subset of 
fecal coliforms (US EPA's definition), using Colilert™ 18 Medium (IDEXX). Guidance on 
comparative testing is available in DHS Salt Water Beaches Guidance. 

Comparative testing must be performed only by laboratories certified by ELAP for the 
methods being compared. Laboratories must retain the results of the parallel testing in 
their files, consistent with their record retention procedures, and must make these data 
available for review upon request by the State. 

I ENTEROCOCCUS BACTERIA I 
Enterococci by Membrane Filtration (MF) SM 9230 C (1,2 ) 

Using mE C9) or mEI (U) EPA Method 1600 ( 10) 

!Enterococci by Enterolert™ C3,4 ,S) IIIDEXX Co. I 

JUSTIFICATION: 

• The US EPA in its publication Ambient Water Quality Criteria for Bacteria -1986 C13l has recommended thE 
use of E. coli or enterococci for testing fresh waters and enterococci only for marine waters. 

http://www.dhs.ca.gov/ps/ddwem/beac: 11/3/2005 



Recommended analytical methods for AB 411 Page 2 of 4 

• AB 411 and its implementing regulations require that marine water be tested for total coliforms, fecal colifo 
and enterococci. 

• Testing for three groups of indicator organisms with traditional methods for water testing requires much stc: 
time, media and equipment space. Streamlined test methods with fast turnaround times and acceptable de: 
are desired. 

• Because of these concerns, ELAP and MDL reviewed the published literature to see if we could justify the 
of two rapid methods using chromogenic/ flu orogenic substrates, one that identifies both total collforms an1 
coli (5•1 0l and the other, enterococci. {3.4,5) 

• A number of laboratories have indicated a desire to test for E. coli in place of fecal coliforms. In US EPA's 
Action Plan for Beaches and Recreational Waters (14l, E. coli is defined as "a subset of the fecal coliform 
group that is part of the normal intestinal flora in humans and animals and is, therefore, a direct indicator o 
fecal contamination of the water." E. coli is considered to be a more specific indicator of fecal contaminatio 
(6,13) 

• Colilert™ 18 Medium (IDEXX) (Quanti-Tray™) is being used by these laboratories to report E. coli in place 
fecal coliforms. 

Each method has its advantages and its shortcomings. Since California is examining marine water for thr 
groups of indicator organisms, it is felt that, based on EPA's definition of E. coli, public health will not be 
compromised if ELAP is flexible on the substitution of E. coli for fecal coliforms. 

• Colilert 18 is not recommended for the enumeration of total coliforms from marine water. Published studie~ 
suggest there are substantial false positives, yielding higher total coliform counts from marine water. (5•12l 
However, it is recognized that this method is easy to use, gives rapid and sensitive results, and has greate 
precision, when used for quantitative information, than the multiple tube fermentation test. 

• · If Colilert 18 is to be used for AB 411 monitoring for total coliforms it must be acknowledged that this methc 
may result in an overestimation of true total coliform numbers, which errors in favor of protecting public he< 
Total coliform results that repeatedly exceed the AB 411 standards should be verified with a more 
conservative method. Such tests must be performed only by laboratories certified by ELAP for the method. 

• Enterolert™ medium in Quanti-Trays TM (IDEXX) is a 24-hour method for enterococci. Published literature 
supporting the use of this medium is available (3.4.5l. The medium is approved for use in some states forth· 
testing of marine recreational water. 

Review of Available Methods: 

I 
Methods 

II 
Pros 

II 
Cons 

Total Coliforms 

Multiple Tube Much historical data. Requires up to 4 days for 
Fermentation (MTF) Substantial scientific support. completion. 

Allows testing of all kinds of Requires increase in tubes, media 
waters, including colored and incubator space, labor and time. 
turbid. Imprecision of MPN enumeration. 

95% confidence limits are broad. 

Membrane Filtration Substantial scientific support. Can require up to 3 days for 
(MF) Much historical data. completion. 

A direct count of organisms. Verification of colonies required . 

.;::..,.~~.~~·&:~ 
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Greater precision and accuracy. May not pick up viable but stressE 
organisms. 
Not all waters can be filtered. 
Technically more complex than 
other methods. 
Labor intensive. 

Colilert™ 18 Quanti- Easy to use. Substantial false positives with 
Tray More sensitive. marine water yielding higher 

Results in 24 hrs. counts than MTF method.(12) 
Greater precision in quantitation 
compared with MTF (5 tube mpn) 
Less staff time, media and 
incubator space required. 

Fecal Coliforms or E. coli 

Multiple Tube Much historical data. Requires up to 4 days for 
Fermentation (MTF) for Substantial scientific support. completion. Requires increase in 
fecal coliforms Allows testing of all kinds of tubes, media, incubator space, 

waters, including colored and labor and time. 
turbid. Not all thermal tolerant fecal 

coliforms are E. coli . (1,2) 

Imprecision of MPN enumeration. 
95 % confidence limits are broad. 

Membrane Filtration Much historical data. Can require up to 3 days for 
(MF) for fecal coliforms Substantial scientific support. completion. 

Provides direct count of Verification of colonies required. 
organisms. Not all waters can be filtered. 

Technically more complex than 
other m\=thods. 
Not all thermal tolerant fecal 
coliforms are E.coli 

Colilert™ 18 Quanti- Easy to use. Not listed as one of the organism 

Tray ™ for E. coli Results in 24 hrs. required by AB 411. 
Greater precision in quantitation Not all E. coli are mug positive -
compared with MTF. false negatives; not all fluorescen 
Sensitive organisms are E. coli - false 
E. coli is a (usually major) subset positives. (12) 

of fecal coliforms. 

June Kani, ELAP, and Dan Mills, Ph.D., MDL 
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Evaluation of NPDES Phase I Municipal Stormwater Monitoring Data 

USGS Stormwater Monitoring Station in Madison , 
WI 

Recent Papers and Presentations 

There have been serious concerns about the reliability 
and utility of Phase 1 stormwater NPDES monitoring 
data, mainly due to a wide variety of experimental 
designs, sampling procedures, and analytical techniques 
used. On the other hand, the cumulative value of the· 
monitoring data collected over almost a ten year period 
from hundreds of municipal outfalls and streams has 
great potential value to characterize the quality of 
stormwater runoff, and compare it against historical 
benchmarks (such as the NVRP and USGS national 
datasets). This project will create a national database of 
Phase 1 storm water monitoring data, provide a scientific 
analysis of the data, and provide recommendations for 
improving the quality and management value of future 
NPDES monitoring efforts. 

Click in the following link to visit the recent papers and presentations of the: 

l 

National Stormwater Quality Database. 

National Stormwater Quality Database (NSQD). Version 1.1 --Spreadsheets 

Click on the image to open or save the spreadsheet 

http:/ /unix. eng. ua. edul~rpitt!Researc 

NSQD Version 1.1 Spreadsheet. 

This is the latest version of the NPDES MS4 database. It 
contains the data for more than 1 00 constituents in 64 
communities for a total of370_0 events in 360 sites. The 
table is organized for different land uses and seasons. 

Total size: 4.78 Mb 

Updated: 03/04/05. Version 1.1 
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Total size: 572 Kb 

Click on the image to open or save the spreadsheet 
Updated: 04/30/05. Versionl.l 

Site Descriptions 

ARIZONA CALIFORNIA ALABAMA 

Huntsville, Jefferson 
Cmmty, Mobile, 
Montgomery. 

Maricopa County, Tucson Alameda, Caltrans 

GEORGIA 

Atlanta, Clayton County, 
Cobb County, Fulton 
County. 

MASSACHUSETTS 

Boston 

OREGON 

Clackamas County, Eugene, 

IDAHO 

Ada County Highway 
District 

MARYLAND 

Anne Arundel County, 
Baltimore County, 
Baltimore City, Carroll 
County, Charles County, 
Harford County, Howard 
County, Montgomery · 
County, Princes Georges 
County. State Highway 

PENNSYLVANIA 

Gresham, Portland, Salem, Philadelphia 
ODOT 

VIRGINIA 

Arlington County, 

http:/ /unix. eng. ua. edu!~rpitt!Research!rr: 

KANSAS 

Topeka, Wichita 

MINNESOTA 

Minneapolis 

TENNESSEE 

Knoxville, Memphis 

COLORADO 

Colorado Springs, Denver 
Metro 

KENTUCKY 

Jefferson County
Louisville, Lexington 

NORTH CAROLINA 

Charlotte, Fayetteville, 
Greensboro, Raleigh 

TEXAS 

Arlington, Dallas, Dallas 
County, Forth Worth, 
Gargland, Harris County, 
Houston, Irving, Mesquite 
Plano·, Tarrant County 
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~,, The University of Alabama and the Center for Watershed Protection were awarded an EPA Office of Water 1 04(b )3 grant in 2001 to 
collect and evaluate stormwater data from a representative number ofNPDES (National Pollutant Discharge Elimination System) MS4 
(municipal separate storm sewer system) storrnwater permit holders. The initial version ofthis database, the National Storrnwater 
Quality Database (NSQD, version 1.1) is currently being completed. These stormwater quality data and site descriptions are being 
collected and reviewed to describe the characteristics of national storrnwater quality, to provide guidance for future sampling needs, and 
to enhance local stormwater management activities in areas having limited data. 

The monitoring data collected over nearly a ten-}'ear period from more than 200 municipalities throughout the country have a great 
potential in characterizing the quality of stormwater runoff and comparing it against historical benchmarks. This project is creating a 
national database of storrnwater monitoring data collected as part of the existing stormwater permit program, providing a scientific 
analysis of the data, and providing recommendations for improving the quality and management value of future NPDES monitoring 
efforts. 

Each data set is receiving a quality assurance/quality control review based on reasonableness of data, extreme values, relationships 
among parameters, sampling methods, and a review of the analytical methods. The statistical analyses are being conducted at several 
levels. Probability plots are used to identify range, randomness and normality. Clustering and principal component analyses are utilized 
to characterize significant factors affecting the data patterns. The master data set is also being evaluated to develop descriptive statistics, 
such as measures of central tendency and standard errors. Regional and climatic differences are being tested, including the influences of 
land use, and the effects of storm size and season, among other factors. The data will be used to develop a method to predict expected 
stonnwater quality .for a variety of significant factors and will be used to examine a number of preconceptions concerning the 
characteristics of stormwater, sampling design decisions, and some basic data analysis issues. Some of the issues that are being 
examined with this data include: the occurrence and magnitude of first-flushes, the effects of different sampling methods (the use of 
grab sampling vs. automatic samplers, for example) on storrnwater quality data, trends in storrnwater quality with time, the effects of 
.infrequent wrong data in large data bases, appropriate methods to handle values that are below detection limits, the necessary sampling 
effort needed to characterize stormwater quality, for example. This paper describes the data collected to date and presents some 
preliminary data findings. 

When this Natio:n.al Storrnwater Quality Database (NSQD) is completed (populated with most of the NPDES stonnwater monitori..ng 
data), the continued routine collection of outfall stonnwater quality data in the U.S. for basic characterization purposes may have limited 
use. Some communities may have obviously unusual conditions, or adequate data may not be available in their region. In these 
conditions, outfall monitoring may be needed. However, stormwater monitoring will continue to be needed for other purposes in many 
areas having, or anticipating, active stormwater management programs (especially when supplemented with other biological, physical, 
and hydrologic monitoring components). These new monitoring programs should be designed specifically for additional objectives, 
beyond basic characterization. These objectives mayinclude.receiving water assessments to understand local problems, source area 
monitoring to identify critical sources of stormwater pollutants, treatability tests to verify the performance of stormwater controls for 
local conditions, and assessment monitoring to verify the success of the local stormwater management approach (including model 
calibration and verification). In many cases, the resources being spent for outfall monitoring could be more effectively spent to better 
understand many of these other aspects of an effective stormwater management program. 

Project Description and Background 
The importance of this project is based on the scarcity of nationally summarized and accessible data from the existing U.S. EPA's 
NPDES stormwater permit program. There have been some local and regional data summaries, but little has been done with nationwide 
data. A notable exception is the Camp, Dresser, and McGee (CDM) national stormwater database (Smullen and Cave 2002) that 
combined historical Nationwide Urban Runoff Program (NURP) (EPA 1983), available urban U.S. Geological survey (USGS), and 
selected NPDES data. Their main effort has been to describe the probability distributions of these data (and corresponding EMCs, the 
event mean concentrations). They concluded that concentrations for different land uses were not significantly different, so all their data 
were pooled. 

Between 1978 and 1983, the EPA conducted the NURP that examined stormwater quality from separate storm sewers in different land 
uses (EPA 1983). This project studied 81 outfalls in 28 communities throughout the U.S. and included the monitoring of approximately 
2300 storm events. The data was presented for several land use categories, although most,ofthe information was obtained from 
residential lands. Since NURP, other important studies have been conducted that characterize stormwater. The USGS created a database 
with more than 1100 storms from 98 monitoring sites in 20 metropolitan areas. The Federal Highway Administration (FHW A) analyzed 
stonnwater runoff from 31 highways in 11 states during the 1970s and 1980s (Cave 1995). Strecker (personal communication) is also 
collecting information from highway monitoring as part of a current NCHRP-funded project. The city of Austin also developed a 
database having more than 1200 events (Smullen 2003) . 

http ://unix. eng.ua. edul-rpitt/Research/ms. 
..;. .=...=::..=."""""""-"' :1 ~ .....,.,._ ... -.. .... -=-·"'-- c:"' c.--: 
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Ot;b.er regional databases also exist, mostly using local NPDES data. These include the Los Angeles area database, the Santa Clara apr1 
1 

Alameda County ( Califomia) databases, the Oregon Association of Clean Water Agencies Database, and the Dallas, Texas, area 
stormwater database. These regional data are (or will be) included in the NSQD national database. However, the USGS or historical 
NURP data will not be included in the NSQD database due to lack of consistent descriptive information for the older drainage areas and 
because of the age of the data from those prior studies. Much of the NURP data is available in electronic form at the University of 
Alabama student American Water Resources Association web page at: http://www.eng.ua.edu/-awra/download.htm. The results 
(especially the storm water characteristic prediction procedures) from these other databases will be compared to similar fmdings from the 
fmal analyses using this expanded database to indicate any important differences. 

Outside the U.S., there have been important efforts to characterize stonnwater. In Toronto, Canada, the Toronto Area Watershed 
Management Strategy Study (TA WMS) was conducted during 1983 and 1984 and extensively monitored industrial stormwater, along 
with snowmelt in the urban area (Pitt and McLean 1986), for example. Numerous other investigations in South Africa, the South 
Pacific, Europe and Latin America have also been conducted over the past 30 years, but no large-scale summmies of that data have been 
prepared. About 3,500 intemational references on stormwater have been reviewed and compiled since 1996 by the Urban Wet Weather 
Flows literature review team for publication in Water Environment Research (Field, et al. 1997, 1998; 0 'Collllor, et al. 1999; Fan, et al. 
2000; Clark, et al. 2001, 2001, 2003). An overall compilation of these literature reviews is available at: 

http://www.eng.ua.edu/-rpitt/Publications/Publications.shtml 

The reviews include short summaries of the papers and are organized by major topics. Besides journal articles, many published 
conference proceedings are also represented (including the extensive conference proceedings from the 8th Intemational Conference on 
Urban Storm Drainage held in Sydney, Australia, in 1999, the 9th Intemational Conference on Urban Storm Drainage held in Portland, 
OR, in 2002, and the Toronto Stormwater and Urban Water Systems Modeling conference series, amongst many other specialty 
conferences). 

The NSQD is unique in that detailed descriptions of the test areas and sampling conditions are also being collected, including aerial 
photographs and topographic maps that are being obtained from public domain Intemet sources. Land use information used is as 
supplied by the communities submitting the data, although aerial photographs and maps are also used to help clarify questions 
conceming specific development characteristics. Most of the sites have homogeneous land uses, although many are mixed. These 
characteristics are all fully noted in the database. 

Stormwater runoff data from existing NPDES permit applications and allllual monitoring reports are being collected during this project. 
This project also includes extensive QA/QC (quality assurance/quality control) evaluations of these data; and performing statistical 
analyses and summaries of these data. The fmal information will be published on the Internet (such as on an EPA OW -OWM, Office of 
Water and Office of Wastewater Management, site and on the Center for Watershed Protection's SMRC, Stormwater Manager's 
Resources Center, site at: htt.p://www.stormwatercenter.net/). Some of the information is currently located at Pitt's teaching and research 
web site at: 

htt.p:/ /www .eng. ua.edu/-rpitt/Research/ms4/mainms4.shtml 

The Phase I NPDES communities included areas with: 

• A stotmwater discharge from a MS4 serving a population of 250,000 or more (large system), or 
• A stormwater discharge from a MS4 serving a population of 100,000 or more, but less than 250,000 (medium system). 

More than 200 municipalities, plus numerous additional special districts and governme1,1tal agencies were included in this progrmn. Part 
2 of the NPDES discharge permit application specified that sampling was needed and that the following items were to be included in the 
application: 

• Proposed monitoring program for representative data collection during the term of the permit; 
• Quantitative data from 5 to 10 representative locations; 
• Estimates of the allllual pollutant load and event mean concentration (EM C) of system discharges; and 
• Proposed schedule to provide estimates of seasonal pollutant loads and the EMC for certain detected constituents during the 
term of the permit. 

The permit applications were due in 1992 and 1993. For Part 2 of the application, municipalities were to submit grab (for certain 
pollutants having severe holding time restrictions, such as bacteria) and flow-weighted smnpling data from selected sites (5 to 10 
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outfalls) for three representative storm events at least one month apart. In addition, the municipalities must have also developed 
programs for future sampling activities that specified sampling locations, frequency, pollutants to be analyzed, and sampling equipment. 

Numerous constituents were to be analyzed, including typical conventional pollutants (TSS, TDS, COD, BOD5, oil and grease, fecal 

coliforms, fecal strep., pH, Cl, TKN, N03, TP, and PO 4), plus many heavy metals (including total forms of arsenic, chromium, copper, 

lead, mercury, and zinc, plus others), and numerous listed organic toxicants (including PARs, pesticides, andPCBs). Many communities 
also analyzed samples for filtered forms of the heavy metals. This database currently includes information for about 125 different 
stormwater quality constituents, although the current database is mostly populated with data from 35 of the commonly analyzed 
pollutants (as summarized later in Table 1). Therefore, there has been a substantial amount ofstormwater quality data collected during 
the past 10 years throughout the U.S., although most of these data are not readily available, nor have detailed statistical analyses been 
conducted and presented. 

Data Collection and Analysis Efforts to Date 
As of mid-summer 2003, 3,770 separate events from 66 agencies and municipalities from 17 states have been collected and the data 
entered into NSQD. Figure 1 shows the locations of these municipalities on a national map, along with EPA Rain Zones. Excellent 
national coverage is anticipated, although there will be few municipalities from the northern, west-central states of Montana, Wyoming, 
and North and South Dakota (where cities are generally small, and few )¥ere included in the Phase 1 NPDES program). This current 
database (NSQD, Version 1.1) covers areas mostly in the southern, Atlantic, central, and western parts of the US. Anticipated future 
project phases will help extend the national coverage. 

Some of the municipalities that have been contacted (and some in which data was received) have information that could not be used for 
various reasons. One of the most common reasons was that the samples had been collected. from receiving waters (such as Washington 
state, Nashville, and Chattanooga). Only data from well-described stormwater outfall locations are being used for the database. These 
can be open channel outfalls in completely developed areas, but are more commonly conventional outfall pipes. The other major 
problem is that the sampling locations and/or the drainage areas were not described. Data with some missing information is being used 
for now, with the intention of obtaining the needed information later. However, there will likely still be some minor data gaps that will 
not be able to be filled. In addition, the list of constituents being monitored has varied for different locations. Most areas evaluated the 
common stormwater constituents, but few have included organic toxicants. The most serious gap is the frequent lack of runoff volume 
data, although all sites have included rain data. Finally, if all the data were collected that was requested, the current project resources 
will not permit their full utilization, as it requires a great deal of time to enter and review this information. About 10% of the collected 
data needed verification during the QA/QC process. If that potentially faulty data remained in the database, spurious statistical analyses 
would have resulted. The collection and review of the data is a necessary first step to facilitate later analyses. 

The assembled data was entered into NSQD, including site descriptions (state, municipality, land use components, and EPA rain zone), 
sampling information (date, season, rain depth, runoff depth, sampling method, sample type, etc.), and constituent measurements 
(concentrations, grouped in categories). In addition, more detailed site, sampling, and analysis informaticm has been collected for most 
sampling sites and is also included ~s supplemental information. The reported la:O:d use information supplied by the communities is 
being used, with verification of some areas with aerial photographs and maps. In many cases, the sampled watersheds have multiple 
land uses and those designations are included in the database (the database lists the percentages of the drainage as residential, 
commercial, industrial, freeway, institutional, and open space). The fmal data analyses will consider these mixed sites also, especially 
for verification for the model development activities, although the following preliminary results are only for the homogeneous land use 
sites. 

Preliminary Summary of U.S. NPDES Phase 1 Stormwater Data 
Additional site information is being acquired to complete most of the missing records before the fmal data analyses. The following data 
and analysis descriptions should therefore be considered preliminary and will change with this additional data and analyses. However, 
this presentation on:ly uses the most basic and robust analyses· for preliminary consideration. The fmal report and data presentations will 
obviously be much more comprehensive. 

Table 1 is a summary of the Phase 1 data collected and entered into the database as of mid-summer 2003. The data are separated into 11 
land use categories: residential, commercial, industrial, institutional, freeways, and open space, plus mixtures of these land uses. 
Summaries are also shown for mixed land use areas (indicating the most prominent land use), and for the total data set combined. On:ly 
data having at least 50 total detected observations and at least 10 detected observations per land use category are shown on this table. 
The full database includes all of the data. In most cases, many more than these minimum numbers are available. The total number of 
observations and the percentage of observations above the detection limits are also shown on this summary table. However, some 
constituents were not monitored by very many stormwater permit holders, and some constituents were mostly all in the "not detected" 
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category, and those data are not shown. As an example, filtered heavy metal observations, and especially organic analyses, have manv 
fewer detected values than other constituents. 

The total number of individual events included in the database is 3,770, with most in the residential category (1,069 events). For most 
common constituents, detectable .values are available for almost all monitored events. The median and coefficient of variation (COV) 
values are only for 1hose data having detectable concentrations. If the non-detected results were used in these calculations, extreme 
biases would invalidate many of the calculations. The final analyses will further examine issues associated with different detection 
linlits, multiple laboratories, and varying analytical methods on the repm"ted results and statistical analyses. Bmton and Pitt (2002), and 
the many included references in that book, contains further discussions on these impm"tant issues. 

Figure 1. Communities from which data has been obtained and entered in the NSQD, along with EPA Rain Zones. 

Table 2 is a summary of methylene chloride and bis(2-ethylhexyl) phthalate, the most commonly reported and detected organic 
constituents. There were up to several hundred events that included P AH and pesticide data. The percentage of samples that had 
observable concentrations of these constituents ranged from 15 to 35%, about the same detection rate as in previous stormwater 
investigations, such as Pitt, eta!. 1995. 

Statistical analyses are being conducted in stages. Probability plots were used to identify range, randomness, and normality. Figure 2 is 
an example oflog-normal probability plots for some of the constituents and for all data pooled. Probability plots shown as straight lines 
indicate that the concentrations can be represented by log-normal distributions. This is impm"tant as it indicates that data 
transformations, or the use ofnonparametric statistical analyses, will be needed. Plots with obvious discontinuities imply that multiple 
data populations may be included. The future analyses will identify the significance of these different data categories (such as land use, 
region, and season). - -
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Table 1. Summary of Available Stormwater Data Included in NSQD, version 1.1 
Con d. Hardness Oil and 

Area Precip. Runoff (uS/em (mg/L Grease Temp. TDS T 
(acres) % lm~erv. De~th (in) De~th (in) @25°C) CaC03) {mg/L) ~H (C) {mg/L) {r 

Overall Summary (3765) 

Number of observations 3759 2202 3186 1454 685 1082 1834 1665 861 2957 

% of samples above detection 100 100 100 100 100 98.7 66.1 100 100 99.3 

Median 57.0 53.0 0.47 0.18 121 38.0 4.3 7.50 16.5 80 

Coefficient of variation 3.7 0.4 1.0 2.0 1.6 1.4 9.7 0.1 0.4 3.4 

Residential (1 081) 

Number of observations 1077 658 915 422 106 250 533 325 205 861 

% of samples above detection 100 100 100 100 100 100 57.8 100 100 99.2 

Median 57.3 37.0 0.46 0.11 96.5 32.0 3.9 7.3 16.4 72.0 

Coefficient of variation 4.7 0.4 1.0 1.9 1.5 1.0 .7.7 0.1 0.4 1.1 

Mixed Residential (615) 

Number of observations 617 281 441 216 105 157 258 322 141 471 

% of samples above detection 100 100 100 100 100 98.1 68.2 100 100 99.2 

Median 150.8 44.9 0.54 0.18 112 39.7 4.4 7.50 16.0 86 

Coefficient of variation· 2.1 0.3 0.8 1.4 1.2 1.2 2.4 0.1 0.3 5.2 

Commercial (503) 

Number of observations 503 264 421 135 66 139 308 171 79 399 

% of samples above detection 100 100 100 100 100 100 70.8 100 100 99.5 

Median 38.8 83.0 0.39 0.23 119 38.9 4.7 7.30 16.0 74 

Coefficient of variation 1.2 0.1 1.0 1.2 1.0 1.1 3.2 ·0.1 0.4 1:9 

Mixed Commercial (311) 

Number of observations 311 238 284 109 44 88 122 143 84 256 

% of samples above detection 100 100 100 100 100 98.9 82.0 100 100 99.6 

Median 49.0 60.0 0.47 0.34 101 35.0 5.0 7.60 14.7 70 

Coefficient of variation 2.1 0.3 1.0 1.1 0.6 1.8 2.9 0.1 0.4 1.9 

Industrial (525) 

Number of observations 525 320 438 2012 108 138 327 234 140 413. 

% of samples above detection 100 100 100 100 100 96.4 65.1 100 100 99.5 

Median 39.0 75.0 0.49 0.14 136 39.0 5.0 7.50 17.9 92 

Coefficient of variation 1.6 0.3 1.0 2.7 1.3 1.5 12.0 0.1 0.3 3.6 
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The National Stormwater Quality Database NSQD Vl.l Page 7 of32 

Table 1. Summary of Available Stormwater Data Included in NSQD, version 1.1 (continued) 
Cond. Hardness Oil and 

Area Precip. Runoff (uS/em (mg/L Grease Temp. TDS f 
(acres) % lmperv. Depth (in) Depth (in) @25°C) CaC03) (mg/L) pH (C) (mg/L) (r 

Mixed Industrial (251) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation 

Institutional (18) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation 

Freeways (185) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation 

Mixed Freeways (20) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation 

Open Space (49) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation 

Mixed Open Space (189) 

Number of observations 

% of samples above detection 

Me.dian 

Coefficient of variation 

251 

100 

127.7 

2.0 

18 

100 

36.0 

0 

185 

100 

1.6 

1.4 

20 

100 

63.1 

0.3 

49 

100 

85 

1.5 

189 

100 

115.4 

0.9 

133 

100 

44.0 

0.3 

18 

100 

45.0 

0 

154 

100 

80.0 

0.13 

37 

100 

2.0 

1.0 

97 

100 

34.0 

0.2 

226 

100 

0.45 

0.8 

17 

100 

0.18 

0.9 

182 

100 

0.54 

1.1 

20 

100 

0.68 

0.6 

41 

100 

0.52 

1.2 

188 

100 

0.43 

0.9 

117 

100 

0.29 

1.2 

14 

100 

0.00 

2.1 

144 

100 

0.41 

1.7 

11 

100 

0.05 

1.4 

81 

100 

0.16 

1.2 

57 

100 

111 

0.8 

86 

100 

99 

1.0 

13 

100 

418 

0.6 

2 

100 

113 

0.5 

83 

100 

204 

1.7 

83 

94.0 

33.0 

0.5 

127 

100 

34.0 

1.9 

12 

100 

83 

0.3 

'a 
100 

150 

0.6 

70 

100 

64.2 

1.3 

80 

77.5 

4.75 

1.9 

60 

71.7 

8.0 

0.6 

15 

100 

4.0 

1.6 

19 

36.8 

1.3 

0.7 

96 

62.5 

6.0 

1.6 

179 

100 

7.70 

0.1 

111 

100 

7.10 

0.1 

19 

100 

7.80 

0.06 

19 

100 

7.70 

0.08 

128 

100 

7.9 

0.07 

Table 1. Summary of Available Stormwater Data Included in NSQD, version 1.1 (continued) 

Overall Summary (3765) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation 

Residential (1069) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation 

Mixed Residential (615) 

Number of observations 

Fecal 
Coliform 
(mpn/100 
mL) 

1704 

91.2 

5091 

4.61 

446 

88.3 

8345 

5.0 

313 

Fecal 
Strep. 
(mpn/100 
mL) 

1141 

94.0 

17000 

3.8 

305 

89.5 

24600 

1.8 

156 
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Total Total E. 
Coliform Coli 
(mpn/1 00 (mpn/1 00 
mL) mL) 

83 

90.4 

12000 

2.4 

26 

67 

95.5 

1750 

2.3 

14 

100 

700 

1.6 

11 

N02+N03 
NH3 (mg/L) (mg/L) 

1909 

71.7 

0.44 

1.4 

595 

81.5 

0.32 

1.1 

259 

3076 

97.3 

0.6 

1.1 

927 

97.4 

0.6 

1.1 

535 

Nitrogen, 
Total 
Kjeldahl 
(mg/L) 

3192 

95.6 

1.4 

1.3 

7 

96.8 

1.4 

1.1 

525 

Phos., 
filtered 
(mg/L) 

2477 

85.1 

0.13 

1.6 

738 

84.2 

0.17 

0.9 

410 

70 

1CiO 

18.1 

0.4 

31 

100 

14.0 

0.4 

19 

100 

16.0 

0.3 

2 

100 

14.6 

0.7 

76 

100 

16.0 

0.3 

Phos., 
total 
(mg/L) 

3285 

96.6 

0.27 

1.5 

963 

96.9 

0.30 

1.1 

556 

222 

99.6 

80 

0.8 

18 

100 

52.5 

0.7 

97 

99.0 

77.5 

0.8 

17 

100 

174 

0.4 

45 

0.7 

148 

99.3 

109 

2.2 

Sb, total A 
(ug/L) (I 

874 

7.2 

3.0 

1.7 
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% of samples above detection 

Median 

Coefficient of variation 

Commercial (497) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation 

Mixed Commercial (303) 

Number of observations 

% of samples above ·detection 

Median 

Coefficient of variation 

Industrial (524) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation 

94.9 

11000 

3.3 

233 

88.0 

4300 

2.8 

109 

94.5 

4980 

3.3 

297 

87.9 

2500 

5.6 

98.1 

26000 

2.2 

181 

91.7 

10285 

2.7 

88 

98.9 

11000 

2.8 

195 

93.9 

13000 

6.9 

84.6 

5667 

1.31 

90.9 

1050 

2.1 

57.9 

0.39 

1.6 

299 

83.3 

0.50 

1.2 

170 

68.2 

0.60 

1.0 

254 

85.8 

0.50 

1.2 

98.1 

0.6 

0.8 

425 

98.1 

0.6 

1.1 

275 

96.7 

0.58 

0.7 

418 

96.2 

0.73 

0.9 

95.1 

1.35 

1.8 

449 

97.3 

1.6 

0.9 

267 

96.3 

1.39 

0.9 

440 

95.9 

1.4 

1.2 

Table 1. Summary of Available Stormwater Data Included in NSQD Database, version 1.1 (continued} 

Mixed Industrial (252) 

Number of observations 

1 % of samples above detection 

Median 

.Coefficient of variation 

Institutional (18) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation 

Freeways (185) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation· 

Mixed Freeways (20) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation 

Open Space (68) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation 

Mixed Open Space (159) 

Number of observations 

Fecal 
Coliform 
(mpn/100 
mL) 

115 

95.7 

3033 

2.5 

49 

100 

1700 

2.0 

16 

81.3 

730 

2.0 

23 

91.3 

7200 

1.1 

95 

Fecal 
Strep. 
(mpn/100 
mL) 

Total Total E. 
Coliform Coli 
(mpn/100 (mpn/100 
mL) · mL) 

70 39 

97.1 89.7 

10000 16000 

2.6 2.4 

25 16 

100 100 

17000 50000 

1.2 1.5 

12 

93.8 

19000 

1.1 

22 

90.9 

24900 

1.0 

75 

13 

100 

1900 

2.2 
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N02+N03 
NH3 (mg/L) (mg/L) 

125 

31.2 

0.43 

0.7 

18 

88.9 

0.31 

0.5 

79 

87.3 

1.07 

1.3 

32 

18.8 

0.18 

1.24 

71 

213 

98.6 

0.57 

0.7 

18 

100 

0.6 

0.6 

25 

96.0 

0.28 

1.2 

14 

100 

0.6 

0.7 

44 

84.1 

0.59 

0.9 

172 

Nitrogen, 
Total 
Kjeldahl 
(mg/L) 

196 

93.9 

1.0 

1.5 

18 

100 

1.35 

0.5 

125 

96.8 

2.0 

1.4 

16 

100 

1.6 

0.9 

45 

71.1 

0.74 

0.9 

144 

Phos., 
filtered 
(mg/L) 

82.4 

0.12 

1.1 

323 

81.1 

0.11 

1.2 

223 

93.3 

0.12 

2.1 

325 

87.1 

0.11 

1.2 
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96.2 

0.27 

1.7 

446 

95.7 •. 

0.22 

1.2 

281 

98.6 

0.26 

1.5 

434 

96.3 

0.26 

1.4 

80 

12.5 

15.0 

1.0 

164 

14.6 

3.7 

1.4 

Phos., 
total 
(mg/L) 

Sb, total A 
(ug/L) (1 

215 

87.0 

0.08 

2.2 

. 17 

82.4 

0.13 

0.5 

22 

95.5 

0.20 

2.1 

13 

100 

0.04 

0.8 

44 

79.6 

0.13 

0.9 

148 

217 

96.3 

0.20 

1.5 

17 

94.1' 

0.18 

1.0 

128 

99.2 

0.25 

1.8 

14 

100 

0.26 

0.8 

46 

84.8 

0.31 

3.5 

173 

3/15/2006 
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% of samples above detection 

Median 

Coefficient of variation 

97.9 

2600 

2.3 

100 

21000 

2.4 

22.5 

0.51 

1.2 

97.7 

0.7 

0.8 

91.0 

1.12 

1.3 

Table 1. Summary of Available Stormwater Data Included in NSQD, version 1.1 (continued) 

Overall Summary (3765) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation 

Residential (1 069) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation 

Mixed Residential (615) 

Number of obserilations 

% of samples above detection 

Median 

Coefficient of variation 

Commercial (497) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation 

Mixed Commercial (303) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation 

Industrial (524) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation 

Cd, total 
(ug/L) 

2575 

40.8 

1.0 

3.7 

723 

30.3 

0.5 

3.4 

432 

39.6 

0.8 

3.9 

358 

43.0 

0.89 

2.7 

178 

48.3 

0.9 

1.1 

395 

49.4 

2.0 

2.3 

Cd, filtered Cr, total Cr, filtered Cu, total 
(ug/L) (ug/L) (ug/L) (ug/L) 

389 

30.3 

0.50 

1.1 

30 

40.0 

0.30 

0.6 

47 

23.4 

0.30 

1.34 

30 

40.0 

0.40 

0.8 

42 

54.8 

0.60 

1.1 

1599 

70.2 

7.0 

1.5 

435 

55.4 

4.6 

1.4 

187 

81.3 

7.0 

1.5 

235 

58.7 

6.0 

0.9 

124 

87.9 

5.0 

1.1 

256 

72.7 

14.0 

1.2 

261 

60.5 

2.1 

0.7 

21 

52.4 

2.0 

0.8 

27 

40.7 

2.0 

0.6 

22 

72.7 

2.5 

0.7 

36 

55.6 

3.0 

0.7 

2724 

87.4 

16 

2.2 

799 

83.6 

12 

1.8 

448 

84.4 

17 

1.1 

387 

92.8 

17 

1.5 

182 

93.4 

17 

2.9 

416 

89.9 

22 

2.0 

Cu, filtered Pb, total 
(ug/L) (ug/L) 

411 

83 

8.0 

1.6 

90 

63.3 

7.0 

2.0 

29 

72.4 

5.5 

0.9 

48 

79.2 

7.57 

0.8 

30 

83.3 

10 

0.6 

42 

90.5 

8.0 

0.7 

2950 

77.7 

17.0 

1.8 

788 

71.3 

12.0 

1.9 

516 

79.7 

18.0 

1.4 

377 

85.4 

18.0 

1.6 

235 

87.7 

17.0 

1.5 

412 

76.5 

25.0 

1.8 

Table 1. Summary of Available Stormwater Data Included in NSQD, version 1.1 (continued) 

Mixed Industrial (252) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation 

Institutional (18) 

Number of observations 

% of samples above detection 

Median 

Coefficient of variation 

Cd, total 
(ug/L} 

182 

49.5 

1.6 

1.91 

Cd, filtered Cr, total Cr, filtered Cu, total 
(ug/L) (ug/L) (ug/L) (ug/L) 

25 

92.0 

0.60 

0.6 

124 

91.1 

8.ci 
1.7 

15 

66.7 

2.0 

0.7 

183 

85.8 

18 

0.9 
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Cu, filtered Pb, total 
(ug/L) (ug/L) 

24 

100.0 

6.0 

0.6 

246 

78.1 

20.0 

1.4 

18 

77.8 

5.75 

0.8 

85.8 

0.09 

1.1 
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96.5 

0.27 

1.0 

N 
Pb, filtered Hg, total Ni, total fil 
(ug/L) (ug/L) (ug/1) (l 

446 

49.8 

3.0 

2.0 

108 

33.3 

3.0 

1.9 

30 

46.7 

3.0 

0.7 

59 

52.5 

5.0 

1.6 

30 

70.0 

5.25 

0.7 

51 

52.9. 

5.0 

1.6 

1014 

10.2 

0.20 

2.5 

297 

7.41 

0.20 

0.9 

106 

14.2 

0.20 

0.9 

160 

6.9 

0.20 

0.8 

211 

12.8 

0.20 

2.7 

1431 

59.8 

8.0 

1.2 

419 

45.4 

5.4 

1.2 

136 

62.5 

7.9 

0.8 

232 

59.5 
"'I) 

98 

80.6 

5.0 

1.3 

250 

62.4 

16.0 

1.0 

N 
Pb, filtered Hg, total Ni, total fi 
(ug/L) (ug/L) (ug/1) (l 

25 

92.0 

5.0 

1.0 

65 

21.5 

0.25 

0.6 

82 

85.4 

9.0 

0.9 
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Freeways (185) 

Number of observations 95 114 76 101 97 130 107 126 99 

% of samples above detection 71.6 26.3 98.7 78.2 99.0 99.2 100 50.0 89.9 

Median 1.0 0.68 8.3 2.3 34.7 10.9 25 1.8 9.0 

Coefficient of variation 0.9 1.0 0.7 0.7 1.0 1.5 1.5 1.7 0.9 

Mixed Freeways (20) 

Number of observations 15 15 17 17 

% of samples above detection 80 100 94 82 

Median 0.5 6.0 8.5 10.0 

Coefficient of variation 0.7 1.1 1.1 0.9 

Open Space (68) 

Number of observations 38 36 39 45 

o/o of samples above detection 55.3 36.1 74.4 42.2 

Median 0.38 5.4 10 10.0 

Coefficient of variation 1.9 1.7 2.0 1.7 

Mixed Open Space (159) 

Number of observations 128 88 126 176 51 

% of samples above detection 16.4 81.8 91.3 66.5 72.6 

Median 2.0 6.0 10 10· 8.0 

Coefficient of variation 1.4 1.3 1.5 2.3 1.1 

http:/ /unix. eng. ua.edu!~rpitt!Research/ms 3/15/2006 
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Figure 2. Log-normal probability plots of stormwater quality data for selected constituents. 

Table 2. Summary of Selected Organic Information in NSQD, version 1.0 

All Data Combined 

Number of observations 

% of samples above detection 

Median of detected values 

http:/ /unix. eng. ua.edul~rpitt/Researchlm 

Methylene-chloride 
(J.Lg/L) 

251 

36 

11.2 

Bis(2-ethylhexyl) 
phthalate (J.lg/L) 

250 

30 

9.5 

Page 11 of32 
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Coefficient of variation 0.77 1.13 

Simple Data Relationships 
The master data set will also be evaluated to develop descriptive statistics, such as measures of central tendency and standard errors. The 
runoff data will then be evaluated to detel'llrine which factors have a strong influence on event mean concentrations, including sampling 
methods. Tests for regional and climatic differences will be conducted, including the influences ofland use and the effects of storm size, 
among other factors. Figure 3 includes example scatter plots of COD vs. BOD5, ammonia vs. TKN, fJ.ltered copper vs. total copper, and 

filtered zinc vs. total zinc, illustrating close relationships between these pairings, as expected. 

Figure 4 shows scatter plots of suspended solids, phosphorus, fecal coliforms, and total zinc concentrations for different rain depths. 
Little variation of these concentrations with rain depth are seen when all of the data are combined, implying little likelihood of 
important "first-flush" effects at stormwater outfall locations. If a frrst-flush was evident, one would expect higher concentrations 
associated with smaller rain depths (see Maestre, et al. 2003 for more detailed analyses of frrst-flush effects using the NSQD database 
information). A simple plot of COD concentrations vs. percentage imperviousness of the drainage area (Figure 5) doesn't indicate any 
obvious trends. Each vertical set of observations represent a single monitoring location (all of the events at a single location have the 
same percent imperviousness). The variation of COD at any one monitoring location is seen to vary greatly, typically by about an order 
of magnitude. These large variations will make trends difficult to identify. All of the lowest percentage imperviousness sites are open 
space land uses, while all of the highest percentage imperiousness sites are freeway and commercial land uses. As indicated below in 
Figure 6, many of the constituents have significant concentration differences by land uses. Therefore, it is expected that these other 
constituents will show an obvious trend because of the strong correlation between percentage imperviousness and land use. In addition, 
currently there is little data in the NSQD showing how the impervious areas are connected to the drainage systems. Some historical data 
shows much smaller concentrations (and especially yields) for areas that are drained by grass swales compared to concrete curbs and 
gutters. With this additional information, the imperviousness data can be adjusted ("effective" imperviousness is commonly used to 
designate directly cormected paved areas) to potentially identify more obvious data trends. 

Figure 6 contains examples of grouped box and whisker plots for several constituents for different major land use categories. The TKN, 
plus copper, lead, and zinc observations are lowest for open space areas, while the freeway locations generally had the highest median 
values, except for phosphorus, nitrates, fecal coliforms, and zinc. The industrial sites had.the highest reported zinc concentrations. 
Preliminary statistical ANOV A analyses for all land use categories {using SYSTAT) found significant differences for land use 
categories for all pollutants. The fmal analyses will further investigate this important fmding and will also examine possible 
confounding factors. 

The seasonal variations for the example residential data shown in Figure 7 are not as obvious, except that the bacteria values appear to 
be lowest during the winter season and highest. during the summer and fall (a similar conclusion was obtained during the NURP, EPA 
1983, data evaluations). The database does not contain any snowmelt data, so all of the data corresponds to rain-related runoff. 

Figure 8 presents example plots for selected residential area data for different EPA rain zones for the country. Zones 3 and 7 (the wettest 
areas of the country) had the lowest concentrations for most of the constituents. 
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Figure 3. Example scatter plots of stormwater data (line of equivalent concentration shown). 
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Figure 4. Example scatter plots of concentrations vs. rain depth. 
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Figure 5. Plot COD concentrations against watershed area percent imperviousness values for different land uses (CO: 
commercial; FW: freeway; ID: industrial; OP: open space; and RE: residential) 
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Figure 6. Example stormwater data sorted by land use (no mixed land use data included in plots). 
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Figure 6. Example stormwater data sorted by land use (no mixed land use data included in-plots) (continued). 
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Figure 7. Example residential area stormwater pollutant concentrations sorted by season. 
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Figure 8. Example residential area stormwater pollutant concentrations sorted by geographical area. 

We are also examining trends of concentrations with tinie. A classical example would be for lead, which is expected to decrease over 
time with the increased use of unleaded gasoline. Older stormwater samples from the 1970s typically have had lead concentrations of 
about 100 (.lgiL, or higher, while most current data indicate concentrations in the range of 1 to 10 (.lg/1. Figure 9 shows a plot of lead 
concentrations for residential areas only (in rain zone 2), for the time period from 1991 to 2002. This preliminary plot shows likely 
decreasing lead concentrations with time. Statistically however, the trend line is not significant due to the large variation in observed 
concentrations (p=0.41; there is insufficient data to show that the slope term is significantly different from zero). The similar COD 
concentrations in Figure 9 also have an apparent downward trend with time, but again, the slope term is not significant (p=0.12). 
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Figure 9. Residential lead and COD concentrations with time (EPA Rain Zone 2 data only). 

As part of their MS4 phase 1 applications, Denver and Milwaukee both returned to some of their earlier sampled monitoring stations 
used during the local NUR.P projects. In the time between the early 1980s (NURP) and the early 1990s (MS4), they did not detect any 
significant differences, except for large decreases in lead concentrations. Figure 10 compares suspended solids, copper, lead, and zinc 
concentrations at the Wood Center NURP monitoring site in Milwaukee. The average site concentrations remained the same, except for 
lead, which decreased from about 450 down to about 110 (.lg/L. 
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Figure 10. Comparison of pollutant concentrations collected during NURP.(1981) to MS4 application data (1990) at the same 
location (personal communication, Roger Bannerman, WI DNR). 

Similar comparisons were made in the Denver Metropolitan area by the Urban Drainage and Flood Control District. Table 3 compares 
stormwater quality for commercial and residential areas for 1980/91 (NURP) and 1992/93 (MS4 application). Although there was an 
apparent difference in the averages of the event concentrations between the sampling dates, they concluded that the differences were all 
within the normal range of stormwater quality variations, except for lead, which decreased by about a factor of four. 

Table 3. Comparison of Cornmercial and Residential Stormwater Runoff Quality from 1980/81 to 1992/93 (Urban Drainage 
District, Flood Hazard News, Dec1993.) 

Constituent 
Total suspended solids (mg/L) 
Total nitrogen (mg/L) 
Nitrate plus nitrite '(mg/L) 
Total phosphorus (mg/L) 
Dissolved phosphorus (mg/L) 
Copper, total recoverable (J,Jg/L) 
Lead, total recoverable (J,Jg/L) 
Zinc, total recoverable (J,JglL) 

Commercial 
1980/81 1992/93 

251 165 
3.0 .3.9 
0.80 1.4 
0.46 0.34 
0.15 0.15 
27 81 
200 59 
220 290 

Residential 
1980/82 1992/93 

226 325 
3.2 4.7 
0.61 0.92 
0.61 0.87 
0.22 0.24 
28 31 
190 53 
180 180 

Example Statistical Analyses of Data Comparing First Flush and Composite Sample Concentrations 
As part of their NPDES stormwater permit, some communities collected grab samples during the first 30 minutes of the event to 
evaluate a "first flush" in contrast to the flow-weighted composite data. More than 400 paired samples representing the first flush and 
composite samples from eight communities (mostly located in the southeast U.S.) from NSQD were reviewed. Box and probability plots 
were prepared for 22 major constituents. Nonparametric statistical analyses were then used to measure the differences between the 
sample sets. This discussion summarizes the results of this preliminary analysis, including the effects of storm size and land use on the. 
presence and importance offrrst flushes. Only concentration data were available for these analyses, so traditional accumulative mass 
curves could not be developed. 

First flush refers to an assumed elevated load of pollutants discharged in the frrst part of a runoff event. First flush has been observed 
more in small catchments than in large catchments (Thompson, et al. 1995; WEF arid ASCE 1998). In large catchments (>162 ha, or 
>400 acres) the highest concentrations have been observed at the times of flow peak (Soeur, et al. 1994; Brown, et al. 1995). The 
presence of a fust flush has been reported to be associated with runoff duration by the City of Austin, TX (Swietlik, et al. 1995). An 
observed fust flush may be present for some pollutants, but not others (Ellis 1986; Adams 2000). Adams (2000) and Deletic (1998) both 
concluded that the presence of a fust flush depends on numerous site and rainfall characteristics. 

/ It is expected that peak concentrations generally occur during periods of peak flow (and highest rain energy). On relatively small paved 
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areas, however, it is likely that there will always be a short period ofrelatively high concentrations associated with washing off of the 
most available material near the beginning of the runoff event (Pitt 1987). This peak period of high concentrations may be overwhf-
by pe!i.ods of high rain intensity that may occur later in the even.t. In addition, in :more complex drainage areas, the routing of these, 
periods of peale concentrations may blend with larger flows and may not be noticeable. A first flush in a separate storm drainage system 
is therefore most likely to be seen if a rain occurs at relatively constant intensity over a paved area having a simple and small drainage 
system. 

A total of 417 storm events with paired first flush and composite storm samples were available from the NSQD. The majority of the 
events were located in North Carolina (76.2%), but some events were also from Alabama (3.1 %), Kentucky (13.9%) and Kansas (6.7%). 
All of the data were from end-of pipe samples in separate storm drainage systems. 

The initial analyses were used to select the constituents and land uses that meet the requirements of the statistical comparison tests. 
Probability plots, box plots, concentration vs. precipitation, and standard descriptive statistics, were performed for 22 constituents for 
each land use, and for all land uses combined. Nonparametric statistical analyses were perfom1ed after the initial analyses .. Mann 
Whitney and Fligner Policello tests were most commonly used. Minitab and Systat statisticalprograms, along with Word and Excel 
macros, were used for the analyses. 

The Mann-Whitney and Fligner-Policello non-parametric tests were selected to detemline if there wete statistically significant 
differences between the fust flush and composite data sets for each land use and constituent. These tests are very useful because they 
require only data symmetry, not normality, to evaluate the hypothesis. The null hypothesis during the analysis was that the median 
concentrations of the first flush and composite data sets were the same. The alternative hypothesis was that the medians were different, 
with a confidence of at least 95%. 

A complete description of these analyses is presented in Maestre, et al. (2004). Table 4 summarizes the results of the analysis. The">" 
sign indicates that the median of the frrst flush data set is higher than for the composite storm data set. The "=" sign indicates that the 
there is not enough information to reject the null hypothesis. Events without enough data for the analyses are represented with an "X". 
Also shown on this table are the ratios of the medians of the frrst flush and the composite data· sets for each constituent and land use. The 
frrst flush samples were larger than fo;r the composite samples if the ratio is great than one. Generally, a statistically significant fust 
flush is associated with a median concentration ratio of about 1.4, or greater (the exceptions occurred when the number of samples in a 
specific categmy is small). The largest significant ratios are about 2.5, indicating that the frrst flush concentrations may be about 2.~ 
times greater than the composite concentrations. More of the larger ratios are found in the commercial and institutional land use 
categories, areas where larger paved areas are likely to be found. The smallest ratios are associated with the residential, industrial, and 
open space land uses, locations where there may be larger areas of unpaved surfaces. 

Results indicate that for 55% of the evaluated cases, the medians of the frrst flush data sets were significantly larger than for the 
composite sample sets. In the remaining 45% of the cases, both medians were expected to be the same, or the concentrations were 
possibly greater later in the events. About 70% of the constituents in the commercial land use category had frrst-flushes, while about 
60% of the constituents in the residential, institutional and the mixed (mostly commercial and residential) land use categories had frrst 
flushes, and about 45% of the constituents in the industrial land use category had frrst-flushes. In contrast, no constituents were found to 
have fust-flushes in the open space category. 

COD, BOD5, TDS, TKN, and Zn all had frrst flushes in all areas (except for the open space category). In contrast, turbidity, pH, fecal 

coliforms, fecal strep., total N, dissolved and ortho-P never showed a statistically significant frrst flush in any category. The conflict 
with TKN and total N implies that there may be some other factors involved in the identification offrrst flushes besides land use. If 
additional paired data become available during later project periods, it may be possible to extend these analyses to consider rain effects, 
drainage area, and geographical location. 

T able 4. Presence of Significant First Flushes (ratio of first flush to composite median concentrations) 
Para·meter -Commercial Industrial - Institutional Open Space Residential All Combined 

Turbidity = 1.32 X X X = 1.24) - 1.26 
pH - 1.03 = (1.00) X X = 1.01) = 1.01 
COD > 2.29 > (1.43) > (2.73) - (0.67) > 1.63) > 1.71 
TSS > 1.85 = (0.97) > (2.12) - (0.95) > 1.84) > 1.60 
8005 > 1.77) > (1.58) > (1.67) = (1.07) > (1.67 > (1.67) 
TDS > 1.82) > (1.32) > (2.66) - (1.07) > (1.52 > (1.55) 
O&G > 1.54) X X X = (2.05 > (1.60) 
Fecal Coliform - 0.87) X X X - (0.98 -(1:21) 
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Fecal Strep. = (1.05) X X X = (1.30) = (1.11) 
Ammonia > (2.11) - (1.08) > (1.66) X > (1.36) > (1.54) 

N02 N03 > (1:73) > (1.31) > (1.70) = _(_0.96) > (1.66) > (1.50 
Total N - (1.35) - (1.79) X = (1.53) = (0.88) - (1.22 
TKN > (1.71) > (1.35) X - (1.28) > (1.65) > (1.60 
Total P > (1.44) ·= 1.42) = (1.24) - (1.05) > (1.46) > (1.45 
P Dissolved - (1.23) = (1.04) = (1.05) - (0:69) > (1.24) = (1.07) 
Phosphate Ortho X = (1.55) X X = (0.95) = (1.30) 
Cd > (2.15) = 1.00) X - (1.30) > (2.00) > (1.62) 
Cr > (1.67) - 1.36) X - _(1.70) = (1.24 >(1.47) 
Cu > (1.62) > 1.24) = (0.94) - (0.78) > (1.33 > (1.33) 
Pb > (1.65) > 1.41) > (2.28) = (0.90) > (1.48 > (1.50) 
Ni > (2.40) = 1.00) X X - (1.20 > (1.50) 
Zn > (1.92) > (1.540 > (2.48) = (1.25) > (1.58) > (1.59) 

Modeling Building using the NSQD 
As indicated earlier, an important objective of the NSQD is to develop a predictive tool to enable stormwater managers to determine the 
likely stormwater quality for their area. In many cases, . .adequate data may be available in the NSQD to fit their situation. However, it is 
also expected that some will need to establish a local monitoring program to obtain reliable estimates of their stormwater quality. The 
next subsection provid,es some monitoring guidance for this situation, while this subsection presents an example of the model building 
process that we are currently using. 

Factors Potentially Affecting Stormwater Pollutant Concentrations 
The database contains information for the monitored watersheds, along with the outfall runoff quality. Each sample is labeled with the 
land use, season, geographical area, percent imperviousness, rain amount, and many other attributes in the database. The first phase of 
the NSQD project focused on the mid Atlantic and Gulf coast areas, although additional data has been collected for other locations. 
About 54% of the existing data in the database is from communities located in Maryland, Virginia, Pennsylvania, North Carolina, 
Kentucky and Tennessee. The followi..ng factors may affect the reported stormwater pollutant concentrations: 

• Landuse: All of the watershed areas were separated into residential, commercial, industrial, open space and freeway land 
uses. Data are also available from mixed landuse areas which will be used later to verify the prediction methods. 

• EPA Rain Zone: As shown in Figure 1,.the.country is divided in 9 rain/climatic regions representing all combinations of 
areas having warm summers,. cold w:iil.ters, large rainfalls, and little rain. 

• Seaspn: Poll[ seaso:q.s were identified by the llJ.()nth.-w:hen the sa:tl)ples were collected: Winter (December to February); Spring 
(March to May); Summer (June to August); and Fall (Septemberto November). · 

• Percentage In:tperviousness: About 2/3 .of the monitoring sites currently have percentage imperviousness data. 
• Rainfall: Almost all of the events have the rainfall amount associated with the monitored event. 
• Type of sample collection: Some of the events represent special "first-flush" and composite sample pairs for the same event. 

These data were evaluated previously tq identify these effects on runoff water quality. The type of sampler and sampling 
method has been identified for about Y.. of the sampling locations. 

• Runoff amount: About 1/3 of the events have the runoff amounts associated with the monitored events. 
• Watershed area: All of the monitored locations have the watershed areas identified. 
• Date of sample collection: All of the data are associated with the date of sample collection. In addition·to the seasonal effects, 

this information can be used to examine any trends in concentration that may have occurred during the 10 years qf sample 
collection represented in the NSQD. 

• Type of conveyance system: About 1/3 of the sites have the conveyance system identified. 
• Aerial photographs and topographic maps have been obtained for almost all of the monitoring areas. 

Figu:re 11 is a probability plot for the observed COD concentrations separated by land use. This plot is similar to the previously 
presented box and whisker plots for the different constituents separated by land use. These plots do show additional information that is 
useful for developing predictive models. As typically assumed, the COD values closely follow log-normal probability plots for much of 
the data range (Figure 2 illustrates log-normal probability plots for many of the constituents available in the NSQD, but grouped for all 
factors combined). Figure 11 shows significant differences by land uses. The open space COD concentrations are the lowest, and the 
freeway COD concentrations are the largest for most all of the data range. The residential, commercial, and industrial areas are very 
similar for the lower half of the distribution, while the residential areas are lower than the commercial and industrial areas in the upper 
portion of the distribution. The effects of some of the above listed factors on concentrations have been previously illustrated. The 
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following shows how we plan to develop the predictive tool for the main watershed factors listed above. In this example, we will 
examine COD concentrations as a function of EPA rain zones and season, for the residential areas. 
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Figure 11. Probability plots of COD concentrations for different land. uses. 
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It is possible to identify statistically significant differences in the COD concentrations for residential land uses in different EPA zones 
and seasons. Table 5 shows the total number of storm events collected which has residential COD values for the different rain zones and 
seasons. 

Table 5. Number of Events with Detected COD Values in Residential Land Use Areas in the NSQD 
EPA Rain 

Zone 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Total 

6 
490 
53 
43 
95 
44 
49 
7 

Spring 

1 
116 
12 
9 

39 
7 
15 
3 

Summer 

5 
102 
10 
15 
5 
19 
1 
1 

Fall 

135 
14 
8 

22 
6 
18 
3 

Winter 

137 
17 
11 
29 
12 
15 

Table 5 shows that EPA rain zone 2 has about 62% of the total number of COD observations in the database. This unbalance of sample 
numbers can potentially lead to confusing results if the other areas do not adequately represent the actual conditions in their areas and is 
a violation of the data assumptions needed for a successful ANOV A test. It is possible to see if there is a difference in the COD 
concentrations for the different seasons in each zone during the four seasons using a one-way analysis of variance test, as the numbers of 
samples in each season for each main zone are relatively even. 
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The analysis of variance requires that the residuals are normally distributed and there is the same variance for each of the seasons. After 
log transforming the data, it was found that the residuals can be considered normal with a p-value of 0.8 using the Kohnogorov"Smirnov 
Goodness of fit test. To test if the variances are the same for the four seasons, Barlett's test was used. This test is powerful when the 
normality assumption of the residuals is achievec1, as in this example. The results indicated that the variance can be considered the same 
for each season in EPA rain zone 2, with a p-value of 0.44. The results of the AN 0 VA found that there is a significant difference in the 
COD concentrations during the four seasons. The COD concentration in EPA rain zone two during winter seems to be smaller than 
summer and spring. The pooled standard deviation of the observations was calculated as 0.677 

Power Calculations as a Function of Numbers of Data Observations 
Figu:(e 12 is a set of power curves showing the difference in the mean COD concentrations for the different subgroups that can be 
identified for different numbers of samples. If the AN OVA test indicated a significant difference with a confidence of five percent 
( a=0.05), these mean differences can be detected for the noted sample sizes. Table 6 lists the sample sizes needed, for a power level of 
0.8 and a confidl?nce of0.05, to det~ctthe noted differences in mean concentrations. If a goal of at least a ~5% difference was desired, 
then about 120 samples in each season would be needed. This is approximately the conditions for EPA rain zone 2 residential land uses. 
However, if only 10 samples are available for each season, then the "detectable" difference would be relatively large (larger than 50%). 

Power of the AN OVA. COD Concentration in Residential 
Area for EPA Zone 2. Samples Required to detect a 
percentage difference among seasons 

1.0 

0.8 

0.6 

0.4 

0.2 

---
0.0 

------
~-~--

0 25 50 75 100 125 150 175 200 225 

Size 

Figure 12. Power of the one way AN OVA test for COD in EPA rain zone 2. 

Table 6. Samples required to detect specific differences in the COD for different seasons 
Percentage difference Samples Required 

between the mean values (%) 
5 
10 
20 
25 
30 
40 
50 
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Multivariate Analyses of Factors 
A two~way analysis can also be conducted to examine the effects of both seasons and rain zones together, and their interaction. In 
following example, rain zones 3, 4, 5, 6, and 7 were evaluated for all four seasons. Rain zone 2 was excluded from this preliminary 
analysis because it had many more samples than the other regions and could have overly emphasized those conditions. The first step in 
this analysis is to check the distributions and variances of the data sets~ The r~;Jsiduals (the differences oftb.e observation~ from the mean) 
can be considered nonnal as they had a p"value higner than 15% (no significant difference from a normal distribution). Barlett's test 
also indicated that the variance for the different groups can be considered 'the same with a p~value of 0.35. A two~way AN OVA can 
therefore be used to identify any differences between fue seasons and EPA rain zones, plus their interaction, because fue data were 
nonnally disb.ibuted and they have the same variance with41 each group. 

The 2~way ANOVA results indicated that 'there are no significant differences between fue different seasons (p~value = 0.091), but that 
'there is a difference between the EPA rain zones (p~value < 0.001). Figure 13 contains probability plots of 'the residential COD values 
for each season, showing no clear distinction of these concentrations for the different seasons. The AN OVA test also found no 
significant interaction betweenrain zone and season (p~value = 0.25). 
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Figure 13. Probability plots of residential COD concentrations for different seasons. 
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Figure 14 shows probability plots of residential area COD concentrations for each EPA rain zone. There are likely three distinct 
groupings for residential COD values, based on their geographical location. Samples collected in zone 6 had fue highest mean 
concentrations and were c.ollec.tedinArizona. Samples collectedinzones 2, 4.and 5 wer.e intennediate in COD concentration and were 
collected in the mid Atlantic states and Texas. Samples collected in zones 3 and 7 had the lowest COD concentrations and were 
collected in Alabama, Georgia, and in Oregon. 
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) Figure 14. Probability plots of residential COD concentrations in different EPA Ran Zones. 

) 

Therefore, COD residential area concentrations can be divided into the following three groups, based on EPA rain zone: 

Zones 3 and 7: average: 44.4 mg/L, standard deviation: 41.9 (102 observations) 
Zones 2, 4 and 5: average: 72.8 mg/L, standard deviation: 61.6 (628 observations) 
Zone 6: average: 162.1 mg/L, standard deviation: 100.0 (44 observations) 

Overall residential COD: average: 74.1, standard deviation:-69.2 mg/L 

The statistical analyses of the available NSQD COD residential area data did not identify any significant differences in any rain zones 
that can be explained by season. There was insufficient data in zones 1, 8, and 9 to be evaluated by season and the overall residential 
COD values should therefore. be used for those areas until additional data is collected and evaluated .. 

Clustering and principal component analyses (PCA) are also being used to identify expected factors influencing sample variability. 
Figure 15 is an example dendogram from a cluster analysis of all of the preliminary data combined. However this analysis did not 
include most of the site characteristics when it was conducted; only rain depth, watershed size, and percentage imperviousness were 
included for this analysis, in addition to the runoff concentrations. This plot indicates very close relationships between rain depth and 
the nutrients (total phosphorus, dissolved phosphorus, nitrite plus nitrate, ammonia, and Total Kjeldahl Nitrogen). Some of the heavy 
metals (cadmium, nickel, and chromium) are closely related to each other, but copper, lead and zinc are much more independent. BOD 5, 

COD, dissolye~solids_, .aJ:ld Sl1~rended solids are _}le>_or!yr~lated tootherpoll11tants for the _pool~d ~ata. Pearsoncorrelatiop ap~lyses did 
show relatively strong relationships between suspended solids and the total forms of most of the heavy metals, substantiating the 
observation that most of the stormwater metals are not in filtered forms. 
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Figure 15. Clusteranalysis (dendogram) showing relationships between stormwater pollutants. 

Sampling Guidance for Stormwater Mqnitoring 
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A number of sampling issues can be statistically investigated using the information contained in the NSQD. The following discussion is 
a summary of the types of monitoring guidance that can be developed and refmed using the database information. 

Numbers of Samples Needed 
An important aspect of any research is the assurance that the samples collected represent the conditions to be tested and that the number 
of samples to be collected are sufficient to provide statistically relevant conclusions. An experimental design process can be used that 
estimates the number of needed samples based on the allowable error, the variance of the observations, and the degree of confidence and 
power needed for each parameter. The number of samples needed is therefore dependent on the objectives of the data (characterization, 
comparison, trends, etc.), the variation of the concentrations in the category being investigated (typically described by the coefficient of 
variation, or the ratio of the mean to the standard deviation), and the allowable errors (the confidence and the power). 

A basic equation that can be used to estimate the number of samples to characterize a set of conditions (given in Burton and Pitt 2001) is 
as follows: 

where: 

n = number of samples needed 

a= false positive rate (1-a is the degree of confidence. A value of a of 
· 0.05 is usually considered statistically significant, corresponding to 
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a 1-a degree of confidence of 0.95, or 95%.) 

~=false negative rate (1-~ is the power. If used, a value of~ of 0.2 is 
common, but it is frequently and improperly ignored, corresponding to a~ of 0.5.) 

Z1_a = Z score (associated with area under normal curve) corresponding to 

1-a. If a is 0.05 (95% degree of confidence), then the 
corresponding Z1_a score is 1.645 (from standard statistical tables). 

Z1_~= Z score corresponding to 1-~ value. If~ is 0.2 (power of 80%), then 

the corresponding Z 1_~ score is 0.85 (from standard statistical 

tables). However, if power is ignored and~ is 0.5, then the 
corresponding Z1 _~ score is 0. 

error= allowable error, as a fraction of the true value of the mean 

COY= coefficient of variation (sometimes noted as CV), the standard deviation 
divided by the mean (Data set assumed to be normally distributed.) 
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This equation assumes a normal distribution of the data, which would require a log transformation of most storm water quality data. If an 
allowable error of about 25% is desired and the COY is estimated to be 0.4, then about 20 samples would have to be analyzed. The use 
of stratified random sampling can usually be used to advantage by significantly reducing the COY of the sub-population in the strata, 
requiring fewer samples for characterization. 

Typical Numbers of Samples Needed for a Basic Stormwater Monitoring Program 
The COY values for many constituents shown in Table 1 for the NPDES database range from unusually low values of about 0.1 (for 
pH) to highs between 1 and 2. There are a few COY values that are larger. One objective of a data analysis procedure is to categorize 
the data into separate stratifications, each having small variations in the observed concentrations. The only stratification in Table 1 is 
land use. However, Figure 6 shows many d~fferences by geographical area (refer to Figure 1 for the EPA Rain Zone map). It is expected 
that the fmal data analyses for this project will identify separate stratifications of data (possibly considering the combination ofland use, 
geographical area, and season factors) to significantly reduce the variations in each category. It is expected that cov values m the ran.ge 
of 0.5 to 1.0 will be common for many of these data stratifications. With a reasonable confidence .of 95% (a= 0.05) and power of 80% 
(~= 0.20), and a commonly accepted allowable error of25%, the number of samples needed to characterize conditions would likely 
range from about 25 to 50. If only 12 samples are obtained for each category (strata), the allowable errors would range from about 50% 
to 100%. Burton and Pitt (2001) present many additional experimental design equations and plots for other data quality objectives, 
including the effects of log tra11sforrning the data for more appropriate sampling effort approximations. In many c:ases, the actual errors 
in presenting data are larger than expected, due to relatively small numbers of samples. A continuing monitoring program (such as the 
Phase I stormwater NPDES permit monitoring effort) will result in better data as more samples are obtained with time. ~ 

Detection Limits of Analytical Methods 
The NSQD can also be useful when selecting analytical methods. There are many important factors that must be considered when 
selecting an analytical method (availability, cost, detection limit, repeatability, safety and disposal problems, comparisons with 
historical data, etc.), but the detection limit is likely most important when ensuring the suitability ofthe data. In many cases, analytical 
methods are used that have detection limits that are actually larger than a criterion value, making accurate exceedence frequ.encies 
impossible (Burton and Pitt 2001). 

Environmental researchers need to .be concerned with many attributes of numerous analytical methods when selecting the most 
appropriate methods to use for analyses of their samples. The main factors that affect the selection of an analytical method include: cost, 
reliability (the "data quality objectives," or DQO which includes sensitivity, selectivity, repeatability), and safety. Most of these issues 
are not well documented in the literature for environmental sample analyses. Aspects· of analytical reliability have received the most 
attention in the literature, but most of the other aspects noted above have not been adequately discussed for the many analytical 
alternatives available. It is therefore difficult for a water quality analyst to decide which methods to select, or even if a choice exists. 

The selection of the appropriate analysis procedure is dependent on the use of the data and how false negatives or false positives would 
affect water use decisions or regulatory questions. The QA objectives for the method detection limit (MDL) and precision (RPD) for the 
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compounds of interest have been shown to be a function of the anticipated median concentrations in the samples (Pitt, et al. 1993). The 
:MDL objectives should generally be about 0.25, or less, of the median value for sample sets having typical concentration variatior 
(COV values ranging from 0.5 to 1.25), based on many Monte Carlo evaluations to examine the rates offalse negatives and false 
positives. Table ?lists the typical median stormwater runoff constituent concentrations and the associated calculated MDL goals, for a 
typical stormwater monitoring project. 

Using analytical methods having these detection limits, at least, will result in relatively few "non-detected" values. In most cases, 
analytical methods are available that can easily meet these goals. However, common problems are associated with some of the heavy 
metals, as most modem laboratories use ICP (inductively-coupled plasma) instruments that are capable of analyzing a broad range of 
metals simultaneously, but may not be able to meet these detection limit goals. When dissolved forms of the heavy metals need to be 
analyzed, the detection limits must be much smaller. 

The NPDES stormwater database can be used to indicate the likely concentrations of interest for conditions similar to those that will be 
monitored. These expected values are a good start in determining the needed detection limits. 

Sampling Methods 
Details for all monitoring locations are desired for the database. Basic information (land use, season, geographic location, and if the 
sample is a first-flush or a composite sample) is available for all events in NSQD, and relatively complete sl.te and monitoring 
descriptions are available for about 1/3 of the events. This data includes sampling methods (automatic samplers vs. manual samplers; 
manufacture and :model of sampler; etc.). Investigations of how these factors may influence the monitoring results will be made, as 
illustrated in the initial evaluation offrrst-f1ush vs. composited sa111ples. The effects of automatic vs.. manual sampling will also be 
exa:inined when suf:ficient information has been collected. One example of a previous investigation on stormwater sampling methods 
was conducted by Roa-Espinosa and Bannerman (1995). They collected samples from five industrial sites using different monitoring 
methods. They concluded that many time-composited subsamples combined for a single analysis can provide improved accuracy 
compared to fewer samples associated with flow-weighted samplers, and especially compared to samples only taken during a portion of 
an event. 

Conclusions 
A major goal of this project is to provide guidance to stormwater managers and regulators. Especially important will be the use of 
data as an updated benchmark for comparison with locally collected data. These comparisons will enable local monitoring data to b~ 
compared to typical values that should be expected for similar situations. If the local stormwater quality is significantly worse than 
expected, then it may be possible to quantify a treatment goal that should be attainable. In addition, this data may be useful for 
preliminary calculations :when using the "simple method" for predicting mass discharges for unmonitored areas. This data can also be 
used as guidance when designing local stortilwater monitdrin:g programs (Burton and Pitt 2002), espeCially when deterri:iining the 
needed sampling effort based on expected variations. The fmal data analyses will expand on these preliminary examples and will also 
investigate other stormwater data and sampling issues. 

Table 7. Example QA Objectives for a Stormwater Characterization Project 

Constituent Units Typical COV Typical Median Estimated MDL 
category1 Cone. Goal 

Turbidity NTU low 5 4 
COD mg/L medium 50 12 

suspended solids mg/L medium 50 12 

nlt~ates mg/L low 0.6 0.4 
chromium J.LQ/L medium 7 1.5 

-copper J.LQ/L . ,-medium 15 3.5 

lead J.LQ/L , medium 15 3.5 

nickel J.L9/L medium 10 2.3 

zinc J.L9/L medium 100 23 
1,3-diohlorobenzene J.LQ/L medium 10 2 
benzo(a) anthracene J.LQ/L medium 30 8 
bis(2-ethylhexyl) phthalate J.L9/L medium 10 2.3 

butyl benzyl phthalate J.L9/L medium 15 3 
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fluoranthene 

pentachlorophenol 

pyrene 

lindane and chlordane 

COVvalue: 

<0.5 (low) 

0.5 to 1.25 (medium) 

>1.25 (high) 

from: Burton and Pitt 2001 

J.LQ/L 

J.LQ/L 

J.LQ/L 

J.LQ/L 

Multiplier for MDL 

0.23 

0.12 

medium 

medium 

medium 

medium 

0.8 

Page 30 of32 

6 1.4 

10 2 

5 1 

1 0.2 

The example investigation of first-flush conditions indicated that a frrst flush effect was not present in all the land uses and certainly not 
for all the constituents. Commercial and residential areas V{ere more likely to show the phenomenon, especially if the peak rainfall 
occurred near the beginning of the event. It is expected that the effect will be more likely in watersheds with larger amounts of 
imperviousness. However, the industrial category had large amounts of imperviousness, but indicated frrst-flushes less than 50% of the 
time. All the metals evaluated show a higher concentration at the beginning of the event in the commercial land use category. 

Suggested Role for Continued Stormwater Monitoring 
The current data and information contained .in NSQD indicates the potential value that a completed database (containing most of the 
NPDES stormwater data) can provide. The excellent U.S. national coverage, along with the broad representation ofland uses, seasons, 
and .other factors, makes this inforniation highly valuable for numerous basic stormwater management needs. Monitoring with no 
specific objective, except for general characterization in an area, is not likely to provide any additional value beyond the data and 
information contained in NSQD. After a sufficient amourit of data has been collected 1:>y a Phase 1 community for representative land 
uses and other conditions, outfall characterization monitoring resources should be re-directed to other specific data collection and 
evaluation needs. Burton and Pitt (2001) provide much additional information on determining an adequate outfall monitoring program. 

,j Similarly, communities thathave not initiated a stormwater monitoring program (such as the Phase II NPDES small communities) may 
not require general characterization monitoring (monitoring is not specifically required as part of the Phase II regulations), if they can 
identify a regional Phase I community that has compiled extensive monitoring data as part of their required NPDES stormwater perlnit. 
Obviously, there will be some situations that are riot well represented in NSQD and additional characterization monitoring may be 
warranted. These situations will be identified in the final data analyses. 

This is not to say that storm water quality monitoring has no role as part of a storm water man<~gement program. Burton and Pitt (200 1) 
present extensive examples and procedures showing the importance of a balanced monitoring program. This publication is available 
from CRC Press, and a version is available at: 
http://civil.eng.ua.edu/~mitt!Publications/BooksandReports/Stormwater%20Effects%20Handbook%20by%20%20Burton%20and% 

20Pitt%20book!Main.EDFS Book.html 

Stormwater quality monitoring is a crucial component of local programs. Specific objectives for these include: 

• Receiving water assessments to understand local problems. Receiving water monitoring is needed to identify local problems, 
especially when identifying beneficial use impairments. Assimilative capacity calculations (TMDLs) require knowledge oflocal source 
discharges. The NSQD data and information can be used for preliminary designs and cost estimates, but it is also important to invest a 
small amount of resources to accurately determine local discharge conditions before expensive controls are designed. 

• Source area monitoring to identify critical sources. In many cases, source area controls may be more cost-effective than regional 
controls. The identification of critical source areas is therefore needed as part of a comprehensive stormwater management program. 
Monitoring within a critical drainage area should be.conducted to identify_the sources ofpollutants, while s:im:ultg~;p.eo_us outfa)J. 
monitoring is needed to verify these source area measurements. 

• Detailed monitoring at selected outfalls, with complete monitoring of rainfall and runoff, with high-resolution data to examine time
variability characteristics of certain problem pollutants. This would be especially important at small, highly paved areas where "first
flush" conditions are most likely. This information is needed to evaluate the benefits and to quantify design approaches of critical source 
area controls. 
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• Treatability teste; to verify perfonnance of stonnwater controls for local conditions. In areas where stonnwater controls are being 
installed, local mea:;:tU"ements of performance are a good investment. Before and after monitoring, or parallel monito:r;ing, is usuall; 
needed to measure the performance of many types ofstonnwater controls. The ASCE National Stonnwater Biv!P database 
(h:@://www.bmJ2database.org0 is a good place to start in predicting the perfonnance of controls, but site-specific validations in an area 
where the controls have not been previously used should be conducted. 

• Assessment monitoring to verify success of stonnwater management approach. Stom1water quality monitoring is a critical component 
of an assessment monitoring effort. Receiving water monitoring needs to focus on beneficial use impainnents, and associated chemical, 
physical, and biological monitoring. In many cases, source area or outfall controls are being used as part of comprehensive management 
programs. Therefore, outfall monitoring may also be needed. 
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ITEMS 

ALBHA001 



Conveyance 

d_ Time (min of day) 

Use 2 1 for 
curb and gutter/seal drainage; GS for 
grass swale or OT for others. Use the 
comments column to add more 
information 

Structure Control located above. the 
lri;,,,-h"m'"' Use WP for detention pond, 

ry Ponds, DT for detention 
or OT for others. Use the 

comrnents field to add more information 

lnclude.all the comments that you 
consider relevant in the site .Don't use 
colons, semicolons, or commas. Use 
double underline instead period. 

Identify. the end.time of the EVENT_ID. 
**NOTE: If you don~t have this 
information but have the .duration, 
assign the start time at 00_00 of the 
storm. day and a~sign the duration as 
end time. Additionally assign the start 
day as.the end day. 

CG 

WP 

Low_Density_residential_in_Arlington_ 
· _5_dwelling_units/acr 

Dl 

25.3 

NO 



X it 

PARAMETER inc;luded Total Observations Percentage Detected 
'C Conductivity (uS/em @ 25C) 
Cll 
C/1 DO (mg/L) 

;::l 

,::. Hardness (mg/L CaC03) 
l!1 I': Oil and Grease (mg/L) 
Cll 0 

'lii E pH 
E E Temperature (C) 
~ 

0 
(.) Turbidity (NTU) 

8'. - TDS (mg/L) 
iii 0 TS (mg/L) I': (() 
0 TSS (mg/L) 

i -0 
BODS (mg/L) 

'' COD (mg/L) 
0 -u Fecai·Coliform (oolonles/1 00 ml) 

1..) Fecal Streptococcus (colonles/100 ml) 
ell 

Dl Iotai Coliform (oolonles/100 ml) 
Total E. Coli (colbnles/100 ml) 

. Ammoni<l (ITJg/L) 
N02+N03 (mg/L) 

$ Nitrogen Dissolved (mg/L) 
I': Nitrogen Total (mg/L) Cll :s Nitrqgen KJeldahl Total (mg/L) -:::1 

.z Phosphate Ortho (mg/L) 
Phosphorous Di~s.olved (mg/L) 

.. PhosphbrmlsTotal (mg/L) 
Antjrpon.y Toh;!l (4g/L) 
Antimony Dissolved (ug/L) 
ArsenicTotal (ug/L) 
Arsenic Dissolved (ug/L) 
Beryllium Total (ug/L) 
Beryllium Dissolved (ug/L) 
Cadmium Total (ug/L) 
Cadmium Dissolved (ug/L) 
Chromium Total (ug/L) 
Chromium Dissolved (ug/L) 

$ 
Copper Total (ug/L) 

I': Copper Dissolved (ug/L) 
ell byanic!e Tota] (ug/L) 1..) 

·~ Cyanide Dissolved (ug/L) 
I-" Lead Total (ug/L) 
'd· Lead Dissolved (ug/L) I': 
ell Mercury Total (l!g/L) C/1 

:ffi Mercury Dissolved (ug/L) 
Cll Nickel Total (ug/L) :a 

Nickel Dissolved (ug/L) 
Selenium Total (ug/L) 
Selenium Dissolved (ug/L) 
Silver Total (ug/L) 
Silver Dissolved (ug/L) 
Thallium Total (ug/L) 
Thallium Dissolved (ug/L) 
Toxicity Test Total (125% RED) 
Toxicity Test Dissolved (125% RED) 
Zinc Total (ug/L) 
Zinc Dissolved (ug/L) 
Acrolein (ug/1.,) 
Acrylonitrile .(ug/L) 
Benzene (ug/L) 

_ Bromoform.(ug/L) 
Carbon Tetrachloride (ug/L) 
Chlorobenzene (Ug/L) 
Chlorbdibromomethane (ug/L) 
Chloroethane (ug/L) 
2-Chloroethylvinyl ether (ug/L) 
Chloroform (ug/L) 
Dichlorobromoethane (ug/L) 
1,1 ,Dichloroethane (ug/L) 

C/1 1 ,2-Dichloroethane (ug/L) 
.2! 1, 1-Dichloroethylene (ug/L) :;:::: 
ell 1 ,2-Dichloropropane (ug/L) 0 
> 1 ,3-Dichloropropylene (ug/L) 



Ethylbenzene (ug/L) 
Methylbromjde.(ug/L) 
Methylchloride (ug/L) 
Methylenechloride .(ug/L) 
1,1 ,2,2-Tetrachloroethane (ug/L) 
Tetrachloroethylene (ug/L) 
Toluene (ug/L) 
1 ,2-Trans-dichloroetylene (ug/L) 
1,1, 1-Trlchloroethane (ug/L) 
1,1 ,2-trichloroethane (ug/L) 
Trichloroethylene (ug/L) 
Vinylchloride (ug/L) 
Alkalinity, total as CaC03 (mg/1) 
pH Field (S.U.) 
Fecal Coliform/Fecal Strep Ratio 
Oil and Grease Hidrocarbon (mg/1) 
Total_hydrocarbon_fingerprint (mg/1) 
Totai_Petroleum_hydrocarbon (mg/1) 
Totai_Organic_Carbon (mg/L) 
Chloride (mg/1) 

~ trans-1 ,3~Dichloropropene '* Bromomethane 
E Chloromethane 
~ Trichlorofluoromethane 
a..· Tetrachloroethene(ug/1) 
~ BODS Carbonaceous (mg/1) 
w Hardness as calcium(mg/L) 

Hardness, Magnesium(mg/L) 
Nitrogen Nitrate (mg/1) 
Nitrogen]Jitrite (mg/1) 
Nitrogen_ Total_ Organic (mg/1) 
Barium, total as Ba (ug/1) 
Iron, total as Fe (ug/1) 
Iron, Dissolved as Fe (ug/1) 
Days since last rain 



X IT 

PARAMETER included Total Observations Percentage Detected 
'C Conductivity (uS/em @ 25C) 
Ql 
Ill DO (mg/L) 

::::> 
~ Hardness (mg/L CaC03) 

l!! s:: Oil and Grease (mg/L) 0 

'* E pH 
E 5 Temperature (C) 
f! 2.. Turbidity (NTU) Ill c.. TDS (mg/L) 
iii 0 TS (mg/L) s:: 1/) 
0 TSS (mg/L) :;:; :...-s:: 

BODS (mg/L) 
~ 0 

COD (mg/L) 
0 :...-

(.) Fecal Coliform (colonies/1 00 ml) 
() Fecal Streptococcus (colonies/100 ml) 
Ill 
00 Total Coliform (colonles/100 ml) 

Total E. Coli (colonies/100 ml) 
Ammonia (mg/L) 
N02+N03 (mg/L) 

J!l Nitrogen Dissolved (mg/L) 
s:: Nitrogen Total (mg/L) .!!! .::· Nitrogen Kjeldahl Total (mg/L) ::s z Phosphate Ortho (mg/L) 

Phosphorous Dissolved (mg/L) 
Phosphorous Total (mg/L) 
Antimony Total (ug/L) 
Antimony Dissolved (ug/L) 
Arsenic Total (ug/L) 
Arsenic Dissolved (ug/L) 
Beryllium Total (ug/L) 
Beryllium Dissolved (ug/L) 
Cadmium Total (ug/L) 
Cadmium Dissolved (ug/L) 
Chromium Total (ug/L) 
Chromium Dissolved (ug/L) 

J!l 
Copper Total (ug/L) 

s:: Copper Dissolved (ug/L) 
Ill Cyanide Total (ug/L) () ·x Cyanide Dissolved (ug/L) 
0 

""' Lead Total (ug/L) 
'C Lead Dissolirea (ug/L) s:: 
Ill 

Mercury Total (ug/L) Ill 

~ Mercl,.lry Dissolved (ug/L) 

:!: Nickel Total (ug/L) 
Nickel Dissolved (ug/L) 
Selenium Total (ug/L) 
Selenium Dissolved (ug/L) 
Sliver Total (ug/L) 
Silver Dissolved (ug/L) 
Thallium Tptal (ug/L) 
Thallium Dissolved (ug/L) 
Toxicity Test Total (125% RED) 
Toxicity Test Dissolved (125% RED) 
Zinc Total (ug/L) 
ZincDissolved (ug/L) 
Acrolein (ug/L) 
Acrylonitrile (ug/L) 
Benzene (ug/L) 
Brorn_!?.fQ_rnl_{!!_g/L) 
Carbon Tetrachloride (ug/L) 
Chlorobenzene (ug/L) 
Chlorodibromomethane (ug/L) 
Chloroethane (ug/L) 
2·Chloroethylvinyl ether (ug/L) 
Chloroform (ug/L) 
Dichlorobromoethane (ug/L) 
1, 1-Dithloroethane (ug/L) 

Ill 1 ,2-Dichloroethane (ug/L) 
~ 1 ,1-Dichloroethylene (ug/L) :;:; 
Ill 

1 ,2-Dichloropropane (ug/L) 0 
> 1 ,3-Dichloropropylene (ug/L) 



Ethylbenzene (ug/L) 
Methylbromide (ljg/L) 
Methylchlorid~ (LJg/l) 
Methylenechlodde (ug/L) 
1 ,1 ,2,2-Tetrachloroethane (ug/L) 
Tetrachloroethylene (ug/L) 
Toluene (ug/L) . 
1 ,2-Trans-dichloroetylene (ug/L) 
1,1 ,1-Trichloroethane (ug/L) 
1,1 ,Nrichloroethane (ug/L) 
Trichloroethylene '(ug/L) 
Vinylchloride (ug/L) 
Alkalinity, total as CaC03 (mg/1) 
pH Field (S.U.) 
Fecal Coliform/Fec;al Strep Ratio 
Oil and .Grease Hidrocarbon (mg/1) 
Total_hydrocarbon_fingerprint (mg/1) 
Totai_Petroleum_hydrocarbon (mg/1) 
Totai_Organic_Carbon (mg/L) 
Chloride (mg/1) 

~ trans-1 ,3~Dichloropropene '* Bromomethane 
E Chloromethan.e 
~ Trichlorofluoromethane 
o.. Tetrachloroetheile(ug/1) 
~ BODS C?rbonace(lus (mg/1) 
~·· Hardr:~ess as calcium(mg/L) 

Hardness, Magnesiurh(mg/L) 
Nitrogen_Nitr?te (mg/1) 
Nitrqgen:_Nitiite {mg/1) 
Nitrogen Total· Org;:~nic (mg/1) 
Barium, total as Ba (ug/1) 
Iron, total as Fe (ug/1) 
Iron, Dissolved as Fe (ug/1) 
Days since last rain 



ORDER I Landuso I Season I LOCATJON_ID I .JurbdlcUon I Slto_ID I Contact I PLU_Resldonll~~ol I PLU_ln$1ltutianlll I PLU_Commerdlll 

39 10 SP VACHCOF1 esterlield Countv unnamedOF1 Scott Flani!:wn 
40 10 FA VACHCOF1 cslerfJekl Countv UMarredOF1 ·--41 10 FA VACHCOF1 estediekl Countv unnamedOF1 ScottRanJgan 0 
42 OP RE SP VACHCOF2 esled'IC!d Countv Oak river drMOF2 Scott Flaniaan 20 
43 OP RE FA VACHCOF2 eslerlield Countv Oak river drlveOF2 ·-- 20 
44 OP RE WI VACHCOF2 eslerlield Countv Oak river driveOF2 Stott Flan)Ran 20 
45 OP RE FA VACfiCOF2 esled'll!ld CouniV Oak river driveOF2 Sc:ottAanGan 20 
46 OP RE SP VACHCOF2 eslerl"IC!d County Oak river drivcOF2 Scott Flanil:lan 20 
47 OP RE FA VACHCOF2 estefficlcl Countv Oak river drive0F2 s""'- 20 
46 OP RE SP VACHCOF2 eslelftekl Countv Ollk riverdriveOF2 Scotl Flanigan 20 
49 OP RE FA VACFICOF2.esterf'teld C01J11Iv Oak riverdriveOF2 ScottAanlaan 20 
50 RE SP VACHCOF3 es!erfteld County Kings rrill road OF3 Scott AaniQan 100 
51 RE FA VACHCOF3. eslerfield County Kings rrill road OF3 Scott Aanipan 100 
52 RE FA VACHCOFJ es!erfield Countv Kings nill road OFJ Scott Aantwm 100· 
53 RE FA VACfiCOF3 eStertield Countv Kings rrill road OF3 Scott Aanll:lan 100 
54 RE WI VACHCOF3 esterf'Kild County Kings ni11 road OF3 Scoll Ffanipan 100 
55 RE SP VACHCOF3 esterfield County Kings niD road OF3 Scott Flanlpan 100 
56 RE FA VACHCOF3 esteifreld County KinPS Trill mad OF3 Scott Aanklan 100 
57 RE SP VACHCOF3 estelf!Cid County ' Kings niD mad OF3 Scott Aanlpan 100 
56 RE FA VACHCOF3 esterfeeld County Kin~ niD road OF3 scott AenJWln 100 
59 RE WI VACHCOF3 eslerfrefd County Klnps niD road OF3 Scott Ffanlpan 100 
60 RE SP VACHCOF3 eslerfiekl County Klnps rrill road OF3 scott FJanipon 100 
61 RE SP VACHCOF4 esterfield County OF4 Seolt Aanll:lan 100 
62 RE FA VACHCOF4 eslerfreld County OF4 Scott Aanlt:lan 100 
63 RE WI VACHCOF4 esletfteld County OF4 Scott Flanil:lan 100 
64 RE SP VACHCOF5 eslerfield County Laurel oak road OF5 Scott Aanklan 100 
65 RE FA VACHCOF5 estedie1d Cciunty Laurel oak road OF5 Scott Flanlllan 100 
66 RE FA VACHCOFS esterfte:Jd Colmty Lourel oak road OFS Scott Flanlaan 100 
67 RE FA VACHCOFS esterf'IC!d County Laurel oak road OF5 Scott Flanlaan 100 
68 RE WI VACHCOFS es!erfeeld County Lourel oak road OFS Scoll Flonigan 100 
69 RE SP VACHCOFS es!erfield Countv Laurel oak road OFS Scott Flan(Aan 100 
70 RE FA VACI:ICOFS esleffield Countv Laurel oak rood OF5 Scott Flanklan 100 
71 RE SP VACHCOF5 eslerfield County Laurel oak mad OF5 Scott Flanklan 100 
72 RE FA VACHCOFS esterlield County Laurel oak mad OF5 Scott Ranlaan 100 

~I 
73 RE WI VACHCOF5 eslerfield "County Lourel oak mad OFS Scolt Aanlaan 100 

d~} 74 RE SP VACHCOFS esterfreld County Lourel oak road OFS Scoll F!011ban 100 
75 RE FA VACHCOFS esletfreld County ~uurel oak road OFS Scott Flanklan 100 

~~ 76 RE FA VACHCOFS esterrteld County Lourel oak road OFS Scott Auntaan 100 
77 RE su VACHCOFS esterfleld County Laurel oak· road OF5 Scott Flanlaan 100 

~~) 
78 RE WI VACHCOFS eslerfield County Lourel oak road OFS Scott FlaniQan 100 
79 RE WI VACHCOF5 esterfield COunty Luurel oak road OFS Scott Flnn}Ran 100 

fJll 
80 RE FA VACHCN1A esterfield County Gates blufl' 1A Scott Aanipan 100 
81 RE FA VACHCN1A esterfield County Gales blufl' 1A Scott Aanlaan 100 
82 RE su VACHCN1A esletfwld County Gntesblufl' tA Scott Aanl!J31' 100 

~~~) 83 RE WI VACHCN1A esrerlield County Gates blufl' 1A Scott Flanlaan 100 
84 RE FA VACHCN2A eslelfteld County Helmslev road 2A Scott FluniJ:Jan 100 0 0 

~l) 85 RE FA VACHCN2A esletf!cld County Helmslev road 2A Scott Aanklan 100 0 0 
86 RE su VACHCN2A ested"!eld County Helmslev road 2A ScottFienip311 100 0 0 

a11 87 RE WI VACHCN2A esterfield Countv Holmslev road 2A Scott Aailillen 100 0 0 
88 co FA VACHCCC4 eslerfield County Coverl.eaf Mall CC4 Scott AaniQen 0 0 100 
89 co WI VACHCCC4 esterfield CouniV Covorl.eaf Mall CC4 Scott Flenia<m 0 0 100 
90 co SP VACHCCC4 eslerfield CouniV Coverleaf Mall CC4 Scott Aantaan 0 0 100 
91 co FA VACHCCC4 esletfteld County Coverleaf Mall CC4 Scott Aanillan 0 0 100 
92 co SP VACHCCC4 esleffield County Coverlem" Mall CC4 Scott Flanlaan 0 0 100 
93 co FA VACHCCC4 estediefd County Coverleaf Mall CC4 Scott FlaniQan 0 0 100 
94 co WI VACHCCC4 eslerf!Cid County Coverl.eaf Mall CC4 Scott FlanillM 0 0 100 
95 co SP VACHCCC4 esteifiefd Countv Coverl.eaf Mall CC4 Sccil:l: Flanlr:len 0 0 100 
96 co FA VACHCCC4 eslerfield County Coverleaf MaD CC4 Scott FlaniQan 0 0 100 
97 co FA VACHCCC4 es!erfield Ccuntv Coverleaf Moil CC4 Scott Flanlaan 0 0 100 
96 co su VACHCCC4 eslerlield County Ccwerleaf Mall CC4 scdt Aenlaan 0 0 100 
99 co WI VACHCCC4 es!erfield County Coverleaf Mall CC4 Scott flanlaan 0 0 100 

100 co WI VACHCCC4 esletftekl County Cove:leaf Mall CC4 Scott AanfRan 0 0 100 
101 RE FA VACHCCCS estorflekl County Buck Rub Drive CCS Scott Flanfaan 100 0 
102 RE WI VACHCCC5 esterlield Countv Budc Rub Drive CCS Scott Aanlpan 100 0 
103 RE SP VACHCCCS esterfield ComlY Buck Rub Drive CC5 Scott Flaniaan 100 0 
104 RE FA VACHCCCS esterl"ICkl County Buck Rub Drive cC:s Scott Flanlaan 100 0 
105 RE SP VACHCCCS esterf!eld County Buck Rub Drive CCS Scott Aanlaan 100 0 
106 RE FA VACHCCCS esterf!Cid County Buck Rub Orivl!l CC5 Scott Flanlaan 100 0 
107 RE WI VACHCCCS csterfteld Ccuntv Buck Rub Drive CCS scott Ffaniaan 100 0 
106 RE SP VACHCCCS eslerflefd County Buck Rub Orivl!l CC5 scott FlanlQan 100 0 
109 RE FA VACHCCCS eslerfield Countv Buck Rub Drive CC5 ScOtt FJan!pan 100 0 
110 RE FA VACHCCCS eslerfield Coontv Budc Rub orm ccs ScOtt AaniQan 100 0 
111 RE su VACHCCCS eslerfield County Buck Rub Drive CC5 ScOtt Flanlaan 100 0 
112 RE WI VACHCCCS eslerfleld Countv Buck Rub Drive ccs ScoU: Flaniaan 100 0 
113 RE WI VACHCCC5 ICSierliold Cauntv Buck Rub Drivo CCS Scott Flanl11an 100 



ORDER I ~LU_Induslrlal I PlU_Opon_Space I PLU_Freaway I Orelnege_Area I Latitude I longitude I EPA_Raln:_zone I Per_lmpervlous IOI Runoff_Voi_Coef 

39 100 0 0 22.5 
40 100 0 0 22.5 
41 100 0 0 22.5 
42 0 80 0 19.05 37 13 54.12 77 32 10.68 2 10 0.14 
43 0 80 0 19.05 37 13 "54.12 77 32 10.68 2 10 0.14 
44 0 80 0 19.05 37 13 54.12 77 32 10.68 2 10 0.14 
45 0 80 0 19.05 37 13 54.12 77 32 10.68 2 10 0.14 
46 0 80 0 19.05 37 13 54.12 77 32 10.68 2 10 0.14 
47 0 80 0 19.05 37 13 54.12 77 32 10.68 2 10 0.14 
48 0 80 0 19.05 37 13 54.12 77 32 10.68 2 10 0.14 
49 0 80 0 19.05 37 13 54.12 77 32 10.68 2 10 0.14 
50 0 0 0 13.5 37 31 24.24 77 38 57.12 2 20 0.23 
51 0 0 0 13.5 37 31 24.24 77 38 57.12 2 20 0.23 
52 0 0 0 13.5 37 31 24.24 77 36 57.12 2 20 0.23 
53 0 0 0 13.5 37 31 24.24 17 38 57.12 2 20 0.23 
64 0 0 0 13.5 37 31 24.24 77 38 57.12 2 20 0.23 
55 0 0 0 13.5 37 at 24.24 77 38 57.12 2 20 0.23 
56 0 0 0 13.5 37 31 24.24 77 38 57.12 2 20 0.23 
57 0 0 0 13.5 37 31 24.24 77 38 57.12 2 20 0.23 
58 0 0 0 1M 37 31 24.24 77 38 57.12 2 20 0.23 
59 0 0 0 13.5 37 31 24.24 77 38 57.12 2 20 0.23 
60 0 0 0 13.5 37 31 24.24 77 38 57.12 2 20 0.23 
61 0 0 0 38.5 
62 0 0 0 38.5 
63 0 0 0 38.5 
64 0 0 0 55.6 37 28 48.43 77 27 47.42 2 50 0.5 
65 0 0 0 55.6 37 28 48.43 77 27 47.42 2 50 0.5 
66 0 0 0 55.6 37 28 48.43 77 27 47.42 2 50 0.5 
67 0 0 0 55.6 37 28 46.43 77 27 47.42 2 50 0.5 
68 0 0 0 55.6 37 28 48.43 77 27 47.42 2 50 0.5 .. 0 0 0 55.6 37 28 48.43 77 27 47.42 2 50 0.5 
70 0 0 0 55.6 37 28 48.43 77 27 47.42 2 50 0.5 
71 0 0 0 55.6 37 28 48.43 77 27 47.42 2 50 0.5 
72 0 0 0 55.6 3T28 48.43 77 27 47.42 2 50 0.5 

Jll 
73 0 0 0 55.6 37 28 48.43 77 27 47.42 2 50 0.5 
74 0 0 0 55.6 37 28 48.43 77 27 47.42 2 50 0.5 
75 0 0 0 55.6 37 28 48.43 77 27 47.42 2 50 0.5 

~~i~ 76 0 0 0 55.6 37 28 48.43 77 27 47.42 2 50 0.5 
77 0 0 0 55.6 37 28 48.43 77 27 47.42 2 50 0.5 

~~~ 78 0 0 0 55.6 37 28 48.43 77 27 47.42 2 50 0.5 
79 0 0 0 55.6 37 26 48.43 77 27 47.42 2 50 0.5 

ll~~ 
80 0 0 0 10 37 22 46.35 77 31 38.33 2 10 0.14 
81 0 0 0 10 37 22 46.35 77 31 38.33 2 10 0.14 
82 0 0 0 10 37 22 46.35 77 31 38.33 2 10 0.14 

~il 83 0 0 0 10 37 22 46.35 77 31 38.33 2 10 0.14 
84 0 0 0 60 37 31 53.5 77 40 03.81 2 20 0.23 

lj~) 85 0 0 0 60 37 31 53.5 77 40 03.81 2 20 0.23 
86 0 0 0 60 37 31 53.5 77 40 03.81 2 20 0.23 .. ,q, 87 0 0 0 60 37 31 53.5 77 40 03.81 2 20 0.23 
88 0 0 0 60 37 29 41.26 77 31 44.56 2 80 0.77 
89 0 0 0 \ 60 37 29 41.26 77 31 44.56 2 80 0.77 
90 0 0 0 60 37 29 41.26 77 31 44.56 2 80 0.77 
91 0 0 0 60 37 29 41.26 77 31 44.56 2 80 0.77 
92 0 0 0 60 37 29 41.26 77 31 44.56 2 80 0.77 
93 0 0 0 60 37 29 41.26 77 31 44.56 2 80 0.77 
94 0 0 0 60 37 29 41.26 77 31 44.56 2 80 0.77 
95 0 0 0 60 37--29 41.26 77 31 44.56 2 80 0.77 
96 0 0 0 60 37 29 41.26 77 31 44.56 2 80 0.77 
91 0 0 0 60 37 29 41.26 77 31 44.56 2 80 0,17 
98 0 0 0 60 37-29 41.26 77 31 44.56 2 80 0.77 
99 0 0 0 60 37 29 41.26 77 31 44.56 2 80 0.77 

100 0 0 0 60 37 29 41.26 77 31 44.56 2 80 0.77 
101 0 0 0 10 37 24 0 .. 35 77 39 08.53 2 50 0.5 
102 0 0 0 10 3Z 24 o .. 35 77 39 08.53 2 50 0.5 
103 0 0 0 10 37 24 0,.35 77 39 08.53 2 50 0.5 
104 0 0 0 10 37 24 ·o .. 35 77 39 08.53 2 50 0.5 
105 0 0 0 ··o 37 24 0 . .35 77 39 08.53 2 50 0.5 
106 0 0 0 10 37 24 0 .. 35 77 39 08.53 2 50 0.5 
107 0 0 0 10 37 24 0 .. 35 77 39 08.53 2 50 0.5 
108 0 0 0 10 37 24 0 .. 35 77 39 08.53 2 50 0.5 
109 0 0 0 10 37 24 0 .. 35 77 39 08.53 2 50 0.5 
110 0 0 0 10 37 24 0 .. 35 77 39 08.53 2 50 0.5 
111 0 0 0 10 37 24 0 .. 35 77 39 08.53 2 50 0.5 
112 0 0 0 10 37 24 0 .. 35 77 39 08.53 2 50 0.5 113" 0 0 0 10 37 24 0 . .35 77 39 



ORDER I CUrvo_Number I Agod_Dovolopment I Typo_ Conveyance I Conlrols I Commonts r·-:;,;;;,-;;-"·1· ······;;.;~;·--···~ Q I Start_Dato (mmfddlyy} I start_ilme (mlnofday} 

39 411611993 0.54 On Site 04115193 
40 51511993 1.29 On Sitrl """"""' 41 1012611993 On sr.e 1012£193 
42 GS veved via 48 inch RCP hnd use ls 20 percent low densttv res end eo percent 81Jric;ullure 411611993 0.55 On stte 04115193 
43 GS OJeved via 48 Inch RCP land use Is 20 percent JaN -densitv res and eo percent ZQiculture Blfi/1993 0.43 On Slle oa.ll615l3 
44 GS OJeved via 48 Inch· RCP land use Is 20 Den::ent lowdensitv·res m~d .80 -percent ZltJicu\ture 1211511993 0.55 On SHe 12i15193 
45 GS veved via 4S.Illch RCP land use is 20 percent Ja,v density res and SO J)eft:ent ~Uure 811211995 0.08 On Sit!' oamm 
46 GS ..,eve(l·vra 48 Inch RCP land use ls 20 percent lcw·densltVres ond 80 -pen:ent"8)Jkulture 3/1411997 0.01 On Slle OJ/14197 
47 GS veved·vla 48 Inch RCP land use ls 20 percent low densitY res end -ao :percent ~lttne 81411997 0.11 On Sl'~ DS.0097 
48 GS OJeved via 48 Inch RCP land use Is 20 percent low derisltv res and 80 -percent ~lbJre 2/311993 0.04 On sne 1!2m'98 
49 GS OJeved via 48 Inch RCP land usc Is 20 percent low density res :and so. percent iiRricullure 101B11995 On su. tnllS/98 
60 CG drein&Re- conveyed v1~·42 inch-by·2a-InCh Oval CMP 411611993 On Sit& 04115/93 
51 CG dreinaao conveved via ·42 InCh l:iv'28 Inch c7ial CMP 81611993 1.1 On Slle 08.05193 
52 CG drainage conveveCI via 42:1_nch by 28 'Inch Olfal CMP 1012611993 0.()2 On SHe 1012£193 
53 CG dreinaQe conveved via 42 lnch by 26 lnch·ovel CMP 8/1211995 0.2 On Site Da112135 
54 CG dralnaQe" conveyed Via 42 lOch bv :25 lncll oval CMP 111511995 0.07 On Site 1'WB195 
55 CG dtein;v.: .conveyed <VIa ~2- Inch bV 28. Inch· C'Jal CMP 311411997 D.D2 On Site 03114197 
58 CG dta:naRO corweved ·vra-~2 Inch by 28 lncli ·oval CMP 81411997 O.D6 On Site .,..,.,.., 
57 CG drainaQs conveyed v1a •42 lnch bv 28 .Jn'eh •Oifal CMP 21311998 0.02 On Site ll2m'9B 
58 CG dralnape conveved via 42 Jncb by 28 lncli oval CMP 10f811998 1.3 On Site '"""''"' 59 CG dmlnaQe conveyed via 42 lnch by 28 InCh 0/al "CMP 118/1999 O.D4 On Site ot= 
60 CG dreinaQe convevcd via 42 Inch bv 28 lneh Olfsl CMP 21111999 0.125 On Site 02.1l1m 
61 4116/1993 0.55 On Site 0411&'93 
62 81511993 0.91 On Slle """""" 63 1211511993 On SUe 12115'93 
64 CG drB!naRO conveyed via 48 lneh RCP 4/1611993 On., Q.411fi'93 
65 CG drainaRO conveyed via 48 Inch RCP 81611993 1.38 On Si:e 08.05193 
66 CG drainage .conveyed via 48 Inch RCP 10126/1993 0.32 On Site 10/25.ll3 
67 CG drain ape conve.ved ·via 48 lneh RCP 811211995 D.D7 On St!e 09112.'35 
68 CG dreinaRO convev.ed Via '16 Jneh RCP 11f811995 0.6 On Site 1WBI95 
65 CG d1'8!naoo conveved .via 48 Inch RCP 311311997 0.03 On S1!e 03/f3.'97 
70 CG drain<~® -conveyed via 48 Inch RCP 8/411997 0.15 On St!e OWV97 
71 CG dralnaQe cOnvevccJ·vla 48 thch RCP .21311998 0.0-4 On S"lle O"d03198 
72 CG drai~~ conveyed via 48 lneh ·RCP 10IBI1996 0.13 On Site 1008/98 

ll' 
73 CG drain~ corwe.,.ed vla 48 tneh RCP 1JB/1999 0.05 On 51'~ 01108199 
74 CG draif!PRC con~eved via 48 Inch RCP 2/1/1999 0.05 On Si:e 02101/99 
75 CG dralsi~ conveved Via 48 Inch RCP 611911999 o.a an see 08119199 

~~ 
76 CG drairi~ conveyed vla 48 fl:lch RCP 912m999 0.9 - 09127199 
77 CG drainsne conveved Via -46 Inch RCP 612712000 0.41 On Slle !EmiOO 

·~:') 
7a CG drMBQe conveved via 48 Inch RCP 11812001 0.65 On S:te 0110B101 
79 CG duin~ conveyed via 46 l!'lch ·RCP 12/1012001 0.2 an sne 12110101 

fJ!) 80 CG dralnaQe conveyed via 36 Inch deep mln(on::ed·CCficrele·trapeztiidal ehannel 811911999 1.45 On Site 08119~ 
81 CG dr"alnOQe corweved vla 36 Inch deep tl!lriforced ·concrete~ trapezriCel channel 9127/1999 0.9 - 091Tl/99 
82 CG dralnapo conveved via 35 Inch deep reirifon:ed concrelo·lt8pezadal-channel 612712000 0.56 On SUe 05IZ7IOO 

~~~ 83 CG dralnaoo c:cnveved via 35 Inch deep reinfcieed' cOncrete' .lrape%cidal channel 11812001 O..OS On Sll:e 01108101 
84 CG di-a!n&QO conveved, via ·48 inch RCP 8119/1999 On Si!a Dal19199 

Oli 85 CG drein~ :convevei:i viS: 48 Inch RCP 9/27/1999 0.9 """"' 09.Zil99 
86 CG drnlnaae .conveyed via 48 inch RCP 612712000 1.25 On Site 05127100 

t,lll 87 CG drain&Qe'conveved via 46 inch RCP 11812001 0.19 On Site ot.gs!01 
88 CG drain~ conveved via 60 inch RCP 8/1211995 027 On S1ll!o 08112135 
89 CG draln~tQC conveved via 50 inch RCP 11/8/1995 O.OS On Site ,,..,.,.. 
90 CG drain~ conveyed via ·60 Inch "RCP 3114/1997 O.OS On S!te 03/14197 
91 CG drain~ conveyed via 60 -inch RCP 6/4/1997 0.29 On SRe 0&1></97 
92 CG -drninaQC -conveved via 60 inch RCP 213/1998 0.02 On~ 02ln'33 
93 CG dteinBQe conveved via 50 "lnch RCP 101811998 021 On ... 1\1.'08.'93 
94 CG dmlnll!» conveyed via 60 Inch RCP 1/811999 o.os On se OWS.'99 
95 CG drainaQC conveved via 60 Jnc:h "RCP 21111999 0.13 On Site 02!.l1SS 
96 CG dralnoae . .GOn.Veved vla 60 Inch .RCP 811911999 026 On S!!e 0!119.99 
97 CG dtein~ -eonveve:cJ via 60 Inch RCP 9/271~999 0.9 """"' 091Tl1Sl9 
98 CG dreinaQC conveyed-via 60 Inch RCP 612712000 o.a9 On sao 06127.00 
99 CG drl!!n~ ·conveved via 60 Inch RCP 1f812001 O.D9 On Site . ...,..,, 

100 CG drain~ conveyed via 60 lnch RCP 1211012001 024 On Slle 12110.'01 
101 GS drelnt!Qe -conveyed" Vla 24 lnch RCP "8/1211996 0.15 On Site W12195 
102 GS dt&nape conveved via 24 Inch RCP 11/8/1995 0.1 On., 1tm'95 
103 GS dra1naQe ·COIMlved via 24 inch RCP 3114/1997 0.00 On Site 03114/37 
1Q4 GS dreinaQC conveyed" Vfa 24 inch RCP 8/411997 0.16 On Sile 03.1></97 
105 GS drain&® conveyed Via 24 Inch RCP 213/1998 0.19 On sr.e """""' 105 GS drainBAO conveved via 24 Inch RCP 10/SI1998 0.2 On Site 1Q.'OSJ9S 
107 GS draina® conveyed via 24 Inch RCP 118/1999 0.02 On~ 0110519!1 
108 GS drelnoae conveved via 24 Inch RCP 211/1999 o..os On see 02101/99 
109 GS dreinaoo conveyed via 24 Inch RCP 8/19/1999 1.5 On Si:e Da/19J!l9 
110 GS dr&nBRO conveved \Ita 24 1nch RCP 912711999 0.9 Alnxx1 09127199 
111 GS dteinaQC conveyed via 24 Inch RCP 612712000 o.74 On sne 05127100 
112 GS drainaQC conveved via 24 Inch RCP 1/812001 0.07 On Site 01108101 
113 G5 d~ (:QJ'IVCyed viD 24 lnclo RCP 12/1012001 0.38 On Sl!=. 12'1001 



-- -....______:__ 

ORDER I i!nd: Dote (mrn/dd/yy) I Ehd_'rltno (min of doy) I MoXr15 I R1moff(ln) I Q J 3horTotolevent13H·TOT J 

39 3H 
40 3H 
41 3H 
42 3H 
43 3H .. JH 
45 3H 
46 3H 

47 3H 
48 3H 
49 3H 
50 3H 
51 3H 
52 3H 
53 3H 
54 3H 
55 3H 
50 3H 
57 3H 
58 3H 
59 0.019 3H 
60 0.063 3H 
61 3H 
52 3H 
63 3H .. 3H 
65 3H 
56 3H 
67 3H 
68 3H 
69 3H 
70 3H 
71 3H 
72 3H 

:lllf 73 0,04 3H 
74 3H 
75 3H 

~~~~ 76 0.45 3H 
77 3H 

~~~ 
78 3H 
79 3H 

~l) 
80 0.155 3H 
81 ' 0.125 3H 
82 3H 

lSI~ 83 3H 
84 0.253 3H 

0!~ 85 3H 
85 3H 

rJn 87 3H 
88 3H 
89 3H 
90 3H 
91 3H 
92 3H 
93 3H 
94 0.01 3H 
95 0.034 3H 
96 0.141 3H 
97 3H .. 3H 
99 3H 

100 3H 
101 3H 
102 3H 
103 3H 
104 3H 
105 3H 
106 3H 
107 3H 
108 3H 
109 3H 
110 3H 
111 3H 
112. 3H 
113 3H 

FF _COM (First Flush or 
I Type_Somplor I comoosllo\ 

COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
cOM MA 
COM MA 
cOM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
cOM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 
COM MA 

' \ 

) 
/ 

Type_S11_An I uay .. ;~·,:"'""''l Conductlvlty(uSfcm@25"C) I Q 

FLOW COM 
FlOW COM 
FLOW COM 
FLOW COM 
FLOW COM 
FLOW COM 
FLOW COM 3 
FLOW COM 10 
FLOW' COM 11 
FLOW COM 
FLOW COM 
FLOW COM 
FLOW COM 
FLOW COM 
FLOW COM 3 
FLOW COM 6 
FlOW COM 10 
FlOW COM 11 
FLOW COM 6 
FLOW COM ·1 
FLOW COM 5 
FlOW COM 
FLOW COM 
FLOW COM 
FlOW COM 
FlOW COM 
FLOW COM 
FLOW COM 
FLOW COM 
FLOW COM 6 
FlOW COM 10 
FlOW COM 11 
FlOW COM 
FlOW COM 
FlOW COM 
FLOW COM 
FLOW COM 
FLOW COM 
FlOW COM 
FloW COM 
Flow·cou 
FlOW COM 
FLOW COM 
FlOW COM 
FLOW COM 
FLOW COM 
FlOW COM 
FlOW COM 
FLOW COM 
FLOW COM 
FlOW COM ·6 
FLOW COM 10 
FLOW COM 11 
FlOW COM 6 
FlOW COM 7 
FlOW COM 5 
FlOW COM 
FLOW COM 
FlOW COM 
FlOW COM 
FlOW COM 
FLOW COM 
FLOW COM 3 
FlOW CoM 6 
FlOW COM 10 
FLOW COM 11 
FLOW COM 6 
flOW COM 7 
FlOW COM 5 
FlOW COM 6 
FlOW COM 4 
FLOW COM 
FLOW COM 
FlOW COM 
FlOW COM 



ORDER I DO(mgn) I a I Herdnass (mg/L CeCOl) J Q J Ol111nd Graeso Totti! (mgn) J Q I __ pH ___l_ Q~J Tu•bldlty~(NTU) I a I Tempo~lura ~':!_____-~ lDS(mgJ!) I a I TS(mgtl) 

39 <5 
40 <5 
41 <5 
42 <5 LD 5 
43 <5 LD 100 
44 <5 LD 59 
45 1 so 
46 5 <1 LD 40 
47 30 <1 LD 110 
48 7 3 so 
49 <1 LD 
so <5 LD 45 
61 <5 LD 37 
52 <5 LD 5 
53 2 2D 
54 10 <1 LD 30 
55 20 <1 LD 60 
56 6 <1 LD 24 
57 28 <1 LD 60 
58 3 <1 LD 20 
58 11 <1 LD 6.2 4 so 
60 7 7 6.5 7 20 
61 <5 LD 
52 <5 LD 
63 <5 LD 
64 <5 LD 70 
65 <5 LD <5 ? .. <5 LD <1 LD 
67 6 so 
68 12 <1 LD 40 .. 21 <1 LD 60 
70 22 <1 LD 74 
71 19 11 so 
72 12 <1 LD 30 

1f-~ 73 17 <1 LD 6.3 7 so 
.. v 74 15 9 5~ 12 so 

~~ 
75 57.7 <1 LO 6.4 25 56 
76 15 8 6 23 so 
n 28.8 2 42 

~~ 78 16.5 10 90 
79 14.6 16 34 

~n 
80 48.1 1 7.2 24 72 
81 53.3 4 6~ 23 118 

~a 
82 3652 2 102 
83 57.2 <1 LD .. 

tiD 
84 33.7 <1 LD 6~ 23 82 
85 31 13 6.9 20 .. 
86 25 <1 LD 56 

~a 87 40.7 15 114 
88 3 40 
89 32 8 80 
90 38 <1 LD 90 
91 18 <1 LO 34 
92 54 4 110 
93 12 2 40 
94 31 <I LD 7.4 7 1SO 
95 19 7 4.5 9 so 
96 16.6 1 8.3 22 12 
97 15 <1 LO 6.6 23 18 
98 17.3 <1 LD 24 
99 19.4 1 64 

100 21.9 18 98 
101 3 60 
102 21 13 70 
103 1 
104 16 <1 LO 43 
105 10 5 40 
106 14 <1 LD 40 
107 29 <1 LO 7.4 3 80 
108 18 7 7.2 7 50 
109 38.5 1 6.1 25 48 
110 20.8 17 7.1 24 57 
111 269.1 <1 LD 46 
112 33.9 52 78 
113 13.7 1 164 



ORDER Q TSS(mg/1} COD.(mg/1} Q 
Fecal Coliform (colonlas/100 

Q 
Fecal Streptococcus I Q I Total Colifor:l~colonlos/100 I Q I Toll'll E. Coli (colonlas/100 ml) J Q I Ammon!" (mgn) I Q mil (colonles/100mll 

39 
40 
41 
42 23 3 24 50 <0.05 LO 
43 29 8 55 4100 0.35 
44 20 9 55 900 <0.05 LO 
45 58 1.3 33 40 0.1 
46 8 1.3 22 130 <0.05 lD 
47 23 10 61 160000 <0.05 LD 
48 <5 ? ? ? 130 <0.05 LO 
49 4 
50 52 10 45 7400 0.07 
51 51 4 33 23800 0.49 
52 5 2 10 500 0.46 
53 3 14 25 800 0.3 
54 19 9.4 36 1700 

·~ 55 4 7 42 40 <o:os LO 
56 3 4.4 56 9000 0.45 
57 9 7.9 <5 LD 80 0.1 
58 <1 LD 3.6 <5 LD <0.05 LD 
59 4 4.1 <5 LD 30 0.15 
60 3 2.2 16 1600 <0.05 lD 
61 
62 
63 
64 62 13 65 50 <0.05 LD 
65 <5 ? 2 7 41600 0.05 .. 10 16 23 200 0.27 
67 13 19 61 9000 0.3 
66 36 8.8 25 30000 0.2 
69 18 5.7 41 80 <0.05 LD 
70 18 17 103 300 0.56 
71 6 7.9 <5 LD 40 0.06 
72 6 8.3 <5 LD 9000 0.3 

:ll• 73 9 12 9 300 0.15 
74 19 6 27 5000 0.1 
75 36 28.5 58 >1600 uo 0.51 

~~) 76 <5 ? <6 lD 42 >1600 uo 0.37 
71 172.5 26 40 24000 0.315 

~~ 76 12.8 11.5 50 900 0.38 
79 11.6 14.5 63;.5 30000 0.14 

r.1~~ 80 360 10.9 90 >1600 UD 0.59 
61 54 9.4 60 >1600 UD 0.11 

~ql 
82 166 21.6 108 >16000 uo 0.32 
83 42 12.8 60 <2 LD 0.31 
64· 48 6.7 36 >1600 uo 0.29 

r.m 65 <0.5 LD <5 LD 18 >1600 uo O.D1 
86 140.5 20.2 64 1600 0.16 

1•a~ 87 26.7 18.8 68 <2 LD 0.47 
88 13 5.8 32 16000 0.3 
89 15 32 43 160000 0.5 
90 14 11 57 20 <0.1 lD 
91 5 5.3 52 9000 0.43 
92 9 30 <5 LD 170 0.24 
93 8 4.6 <5 LD 0.23 .. 20 24 50 170 0.4 
95 14 15 34 800 0.06 
96 20 100.2 136 >1UOO uo 0.4 
97 <0.5 LD ? 32 >1600 uo 0.32 
98 9 7 32 1600 0.32 
99 30.6 10.1 80 1600 0.53 

100 42 <6 lD 30.8 130 0.16 
101 7 16 28 1700 0.2 
102 19 23 62 17000 0.2 
103 110 
104 19 10 74 22000 0.45 
105 12 8~ 22 0.15 
106 13 6.8 30 0.46 
107 17 21 66 500 0.16 
108 16 5.9 33 800 0.1 
109 193 8.7 48 >1600 uo 0.55 
110 10 9.4 63 >1600 uo 0.24 
111 314.5 23 80 24000 0.27 
112 24.6 12.6 80 1600 0.57 
113 48 55.6 69.2 30000 006 



ORDER I N02+N03 (mgll) I Q I Nitrogen Totel (mgtl) I Q 1 NltrogonKJeldBhJTotal(mgll) J Q I Phosphate Ortho (mgll) J Q I Phosphorous Dissolved (mgtl} I Q J PhosphorousTobll (mgll) I Q 
I 

Antimony Total (ugll) IQ 
39 <60 LD 
40 <60 LD 
41 <60 LD 
42 <0,1 LD 0.6 0.15 <60 LD 
43 1.1 2.2 0.23 0.43 ""' LD 
44 0.3 1.1 0.12 0.15 <60 lD 
45 <0.05 LD 0.9 0.14 
4S <0.05 LD <0.5 LD 0.02 OD2 
47 0.28 1.6 0.06 0.17 
48 <0.05 LD <0.5 LD <0.02 LD <0.02 LD 
49 
50 . 0.8 1 0.13 <60 LD 
51 1.2 1.5 0.13 0.17 <60 LD 
52 0,1 1.1 0.05 0.05 ""' LD 
53 0.63 1 O.D9 
54 0.51 OB 0.06 0.09 
55 1.95 0.9 ODS 0.09 
56 0.62 1 0.1 0.11 
57 1.64 0.7 <OD2 LD 0.02 
sa <0.5 LD <ODS LD .. 1.52 1 ~.05 LD <0.05 LD 
60 1.02 <0.5 LD <0.05 LD <ODS LD 
61 <60 LD 
62 <60 LD 
63 <50 LD 
64 1.3 2.2 0.23 <60 LD 
65 0.6 0.5 0.05 0.05 ""' LD 
66 0,5 0.8 <0.05 LO 0.14 <60 LD 
67 0.06 1.4 0.19 .. 0.64 1.5 0.19 0.46 .. 1.34 1.1 0.02 0.13 
70 1 2.1 0.15 0.31 
71 1.31 <(),5 LD <0.02 LD 0.03 
72 1 <ODS LD 
73 2.Q6 0.9 <0.05 LD 0.11 

Jlf 74 1.67 1.01 <0.05 LD o.os 
75 0.7 2.17 OZ> 0.41 

t~l) 
76 0.52 4.5 0.14 0.2 
77 0.49 0.39 0245 0.448 
78· 0.74 2.1 0229 0.265 

~~~, 79 0.91 1.52 0.195 0249 .. 0.8 2.75 0.41 0.78 

Ol) 81 0.42 1.45 OZ> 0.43 
82 0.58 2.47 0.587 0.83 

~~, B3 0.94 2 0.232 0.404 
B4 0.6 125 0.36 0.4 

rJl) as 0.36 0.15 OJ>4 O.D9 
86 0.35 1.42 0224 OE17 

,,;~ 
87 1.31 2.2 0.495 0.627 
88 0.58 1 0.1 
89 O.B 1.6 0.11 0.18 
90 1.27 1.7 0.11 022 
91 0.61 1 0.09 0.12 
92 1.16 0.6 OD2 o.os 
93 0.9 0.05 
94 1.88 1.9 0.£4 0.45 
95 1.15 0.9 0,()9 0.12 
96 0.4 0.43 0.1 02 
97 0.29 3.2 0.00 0.1 
98 0.31 0.59 0.117 0.158 
99 0,67 1.7 0.125 02.;5 

100 0.68 1.17 0.05 O.DB4 
101 0.63 1.1 0.09 
102 0.28 1.4 04 0.5:2 
103 
104 0.83 1.8 0.26 0.34 
105 0.33 0.6 0.05 ODS 
106 1.7 0.29 
107 1.67 1.7 0.11 0.19 
108 0.97 1.1 0.07 0.13 
109 0.5 1.08 02 0.41 
110 024 1.15 0.39 0.47 
111 0.86 1.37 Q.15S 0.493 
112 0.54 1.5 0.36 0.421 
113 0.43 0.87 



·'-, 

ORDER AnUm~ny Dlss~lved (ug/1) Q Arserdc Total (ug/1) Q Ars&nicDhosolved (ugll) Q Beryllium Toll•! (ug/1) Q Beryllium Dissolved (ugll) Q Ct~dmlum Total (ug/1) Cadmium Dissolved (ug/1) Q Chromium Total (ug/lj 

39 <5 lO <4 LD <10 
40 <5 lO <4 LD <10 
41 <5 LD <4 LD <10 
42 <5 LD <4 LD <0.5 LO <10 
43 <5 LD <4 LD <0.5 LD <10 
44 <5 LD " LD <0.5 LD <10 
45 
46 <o.s LD <0.5 LD 
47 <0.5 LD <0.5 LO 
48 <0.5 LD <0.5 LD 
49 <0.5 LO 
60 <5 LD <4 LO <0.5 LD <10 
51 <5 LO <4 LD <o.s LD <10 
52 <5 LD <4 LD <0.5 LD 20 
63 
54 <0.5 LD <0.5 LO 
55 <0.5 LD <0.5 LD 
56 <0.2 LD <0.2 LD 
57 <0.5 LD <0.5 LD 
58 <0.5 LD <0.5 LD 
59 <0,2 LD <02 LD 
50 <0.2 LD <0.2 LD 
61 <5 LD <4 LD <0.5 LD <10 
62 <5 LD <4 LD <0.5 LD <10 
63 <5 LO <4 LO <0.5 LD <10 
64 <5 LD <4 LO <0.5 LO <10 
65 <5 LD <4 LD <0.5 LO <10 .. <5 LD <4 Lb <0.5 LO <10 
67 .. <0,5 LD <0.5 LD 
69 <0.5 LO <0.5 LO 
70 <0.2 LO <0.2 LD 
71 <0.5 LD <0,5 LD 
72 <0.5 LD <0.5 LD 
73 <0.2 LD <0.2 LD 

'"11 74 <0.2 LO <0.2 LD 
~~I· 75 <1 LD <1 LD 

~~~ 
76 <1 LO <1 LD 
17 <1 lO <1 LD 

~~~ 
78 <1 LD <1 lO 
79 <1 LD <1 LD 
80 <1 LD <1 LD 

~~) 81 <1 LO <1 .LD 
82 <1 LD <1 LD 

~~il 83 <1 LD <1 LD 
84 <1 LO <1 LD 

(m 85 <1 LD <1 LO 
86 <1 lO <1 LD 

(J)) 
87 <1 LD <1 LD 
88 
89 <0.5 LD <0.5 LO 
90 <0.5 lO <0.5 LD 
91 0.3 0.2 
92 <0.5 LD <0.5 LD 
93 <0.5 lO <0.5 LD 
94 <0.2 LO <0.2 LO 
95 <0.2 LD <0.2 LD 
96 ? ? 
97 0.1 <1 LD 
98 <1 LO <1 LD 
99 <1 LD <1 LO 

100 <1 LO <1 LD 
101 
102 <0.5 LO <0.5 LD 
103 <0.5 LD 
104 <0.2 LD <0.2 LO 
105 <0.5 LO <0.5 LO 
106 <0.5 LD <0.5 LD 
107 <0.2 LD 0.2 
108 <0.2 LO <0.2 LD 
109 <1 LO <1 LD 
110 <1 LO <1 LD 
111 <1 LD 0.5 
112 <1 LO <1 LD 
113 <1 LO <I LD 



<_ 

ORDER ( Q ( Chromlum Dlssolvud (ugn) ( Q ( CopporTotal (ugn) I Q I Copper Dissolved (ugll) I a I Cyanldo Total (ugn} I a I Cyanldo Dissolved (ugll) I a I leod Toto.l(uglt) I Q I Lead Dlsstllved {IJSI/l) I a 
39 LD <10 LD <5 LD <3 LO 
40 LD <10 LD <5 LD 7 
41 LD <10 LD <5 LD 9 
42 LD <10 LD <5 LD <3 LD 
43 LD <10 LD <5 LD 23 
44 LD 20 <5 LO 4 
45 2 1 <5 LO 5 <1 LD 
46 2 <1 LO <5 LO 3 2 
47 2 <1 LO <5 LD 8 2 
48 <5 LO <5 LO <5 LD <5 LO <5 LD 
49 <5 LO <5 LO <5 LD 
50 LD <10 LO <5 LO <3 LD 
51 LO 20 <5 LO 23 
52 <10 LO <5 LO <3 LD 
53 40 24 <5 LO 2 <1 LD 
54 29 16 <5 LO 10 8 
55 36 33 <5 LD 2 2 
56 60 58 <5 LO 5 2 

"' 37 <5 LD <5 LO <5 LD <5 LD 
58 20 18 <5 LO <5 LO <5 LO 
59 43 28 3 2 
60 21 20 <5 LO 1 <1 LD 
61 LO <10 LD <5 LO 3 
62 LO <10 LO 8 9 
63 LD <10 LD <5 LO <3 LO 
64 LO <10 LD <5 LD 3 
65 LO <10 LD <5 LO 5 
66 LO <10 LD <5 LD <3 LD 
67 7 5 <5 LD 2 <1 LD 
68 7 2 <5 LD 28 19 
69 8 <1 LD <5 LD 4 <1 LD 
70 10 2 <5 LD 5 1 
71 6 <5 LD <5 LO 44 <5 LO 
72 16 <5 LO <5 LO <5 LD <5 LO 

ll; 
73 7 3 ' 3 
74 7 3 <5 LD 2 <1 LD 
75 7 <5 LO 5 <5 LD <5 LD 

~!i 
76 <5 LD <5 LD <5 LD <5 LD <5 LO 
77 <5 LD <5 LD <10 LD <5 LD 10 

·'I~ 
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~~~ B3 8 7 <5 LD <5 LD <5 LD 
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fJD 
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J" 
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107 5 2 <5 LD 2 2 
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109 6 <5 LO <5 LO 10 <5 LD 
110 12 10 <5 LD ? ? 
111 6 7 <10 LO 13 10 
112 • 9 <5 LO <5 LO <5 LD 
113 9 s <10 LO <5 LO <5 LD 
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39 <100 LD 320 <tOO LO 
40 <too LD 320 <tOO LD 
41 <too LD 980 <tOO LD 
42 <too LD 60 <tOO LD 
43 <too LD 110 <tOO LD 
44 <too LD 380 <tOO Lo 
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46 23 15 
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62 <too LD 330 <tOO LO 
63 <too LD 180 <tOO LD 
64 <100 LD 110 <tOO LD 
65 <too LD 790 <tOO LD 
66 <too LO 350 <tOO LD 
67 46 33 
68 40 25 
69 49 9 
70 120 3D 
71 25 26 
72 43 36 ,.,. 73 47 35 

~11' 74 40 16 
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113 19 <to LD 
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Table 1. Summary of Available Stormwater Data Included in NSQD,_ version 1.1 

Area % Precipitation Runoff Conductivity Hardness Oil and Tempe- TDS TSS BOD5 COD (JtS/cm (mg/L Grease pH rature 
(acres) Impervious Depth (in) Oepfh (in) 

@25°C) CaC03) (mg/L) (C) 
(mg!L) (mg!L) (mg/L) (mg/L) 

OveraiiSumtnary-(3765) 
Nunibercif obser\lation~ 3765 2209 3316 1495 685 1082 1834 1665 861 2956 3493 3105 2750 
% of samples above detection 100 100 100 100. 100 98.7 66.1 100 100 99.0 97.9 96.2 98.4 
Median 57.3 50.0 0.48 0.15 121 38.0 4.3 7.5 16.5 80 59 8.6 53 
Coefficient of variation 3.7 0.4 1.0 1.9 1.6 1.4 9.7 0.1 0.4 3.4 1.8 7.4 1.1 
R_esidential (1042} 
Number ofobservations 1042 614 919 372 104 215 483 286 181 814 978 908 748 
% of samples above d~tection 100 100 100 100 100 100 54.9 100 100 99.1 98.3 97.1 98.7 
Median 57.3 37.0 0.48 0.10 102 32.0 4.0 7.2 17.0 72.0 49 9.0 54.5 
Coefficient ofvariation , 4.8 0.4 1.0 1.5 1.6 1.1 7.8 0.1 0.4 1.1 1.8 1.5 0.93 

:l11· Mixed Residential (611) 

~~~ Number of observations 611 278 491 262 105 168 283 333 137 491 582 549 465 

~D 
% of samples above de~ection 100 100 100 100 100 98.2 70.3 100 100 99.2 98.3 94.2 99.6 
Median 150.8 44.9 0.53 0.12 112 40.0 4.0 7.50 15.5 86 66 7.8 43 

CJD Coefficient of variation , 2.1 0.3 0.8 1.3 1.2 1.1 2.6 0.1 0.3 5.2 1.6 1.3 1.2 
!-ilL CommerCial {527) 
~ .. ~ Number ofobservations 527 284 462 146 78 156 331 191 98 418 503 452 393 

~lj % of samples above detection 100 100 100 100 100 100 71.9 100 100 99.5 95.2 97.6 98.5 
Median 38.8 84.5 0.42 0.29 107 36.5 4.6 7.4 16.0 72 43 11.0 58 
Coefficient of variation 1.2 0.1 1.0 1.0 1.0 1.1 3.0 0.1 0.4 . 1.9 2.0 1.1 1.0 

-----··-·--

Mixed.Comrriercial (324) 
Number of observations 324 237 305 118 59 98 134 156 98 265 297 277 267 
% of samples above detection 100 100 100 100 100 99.0 79.9 100 100 99.6 99.7 98.9 99.6 
Median 75.0 60.0 0.47 0.28 100 36.0 5.0 7.60 14.5 69.5 54.5 9.0 60 
Coefficient of variation 1.4 0.3 1.0 0.9 0.8 1.8 2.9 0.1 0.4 1.9 1.3 1.7 1.0 
Industrial (566) 
Number of·observations 566 292 482 215 102 132 315 248 140 431 521 455 386 
% of samples above detection 100 100 100 100 100 96.2 64.8 100 100 99.5 97.7 95.4 99.0 
Median 39.5 75.0 0.50 0.16 139 39.0 4.8 7.50 17.9 86 81 9.0 58.6 
Coefficient-of variation 1.1 0.3 0.9 1.2 1.3 1.5 11.8 0.1 0.3 3.6 1.6 10.0 1.2 
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Table 1. Smmnary of Available Stormwater Data Included in NSQD, version 1.1 - Continued 

Runoff Conductivity Hardness Oil and Tempe-
Area % Precipitation [>epth (pS/cm (mg/L Grease rature TDS TSS BODs COD 

(acres) lmperviou§~th (in) (in) @25°C) CaC03) (mg/L) pH (C) (mg/L) (mg/L) (mg/L) (mg/L) 
---" 

Mixed Industrial (218) 
Numberofobs'ervations 218 118 193 117 56 75 72 152 57 186 207 178 175 

% of samples above detection 100 100 100 100 100 93.3 80.6 100 100 99.5 100 95.5 98.9 
Median 168.0 44.0 0.45 0.29 126 29.3 9.0 7.70 18.0 90 82 7.5 39;9 

Coefficient o( variation 1.8 0.3 0.9 1.2 0.8 0.6 1.8 o, 1 0.3 0.8 1.4 1.8 1.2 

lnstitutiphal (18) 
Numberofobservations 18 18 17 14 18 18 18 18 

%ofsamplesaboveidetection 100 100 100 100 100 94.4 88.9 88.9 
Median 36.0 45.0 0.18 0.00 52.5 17 8.5 50 

:l~~ Coefficient o( variation 0 0 Q.9 2.1 0.7 0.83 0.7 0.9 

~~~ Freew~ys (185) 
~~~l Numberofobservations 185 154 182 144 86 127 60 111 31 97 134 26 67 
(Jj %ofsamplesabove~detection 100 100 100 100 100 100 71.7 100 100 99.0 99.3 84.6 98.5 
!·"~" Median 1.6 80.0 0.54 0.41 99 34.0 8.0 7:10 14.0 77.5 99 8 100 
t~i~ Coefficient ofvariation 1.4 0.13 1.1 1. 7 1.0 1.9 0.6 0.1 0.4 0.8 2.6 1.3 1.1 
l.;h Mixed Freeways (26) 

Number of observations 26 26 21 12 20 17 17 15 23 23 15 
%of samples above,detection 100 100 100 100 100 100 100 100 100 100.0 100.0 

Median 63.1 0.47 353 83 4.5 7.7 16.0 177 88 8.2 47 
Coefficient of variation 0.7 0.8 0.6 0.3 1.8 0.1 0.3 0.4 1.1 1.2. 0.5 

Open Space (49) 

Number of observations 49 37 41 11 2 8 19 19 2 45 44 . 44 43 
%of samples above'detection 100 100 100 100 100 100 36.8 100 100 97.8 95.5 86.4 76.74 

Median 85 2.0 0.52 0.05 113 150 1.3 7.70 14.6 125 48.5 5.4 42.1 
Coefficientofvariation 1.5 1.0 1.2 1.4 0.5 0.6 0.7 0.08 0.7 0.7 1.5 0.7 1.5 

Mixed Open Space (168) 
Number of observations 168 131 167 93 65 70 90 128 76 148 153 145 145 

%ofsamplesabove!detection 100 100 100 100 100 100 60.0 100 100 99.3 97.4 96.6 96.6 
Median 115.4 33.0 0.51 0.10 215 64.2 8.5 7.9 16.0 109 78.0 6.0 34 

Coefficientofvariation 0.8 0.4 0.8 1.2 1.7 1.3 1.5 0.1 0.3 2.2 1.6 2.7 1.6 
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Table 1. Summary of Available Stormwater Data Includ;.ed~~NSQD, version 1.1-+ Conti11.l{e4::-'~~.:: 
·-~- 1~ ~-:5" ·:; . - -~--_.~ ·-:= ~ .-_ -~ --,~ 

overall S~mmary (3765) 
Numberqfobservations 
% ofsarf\~les above detection 
Median ":· 
Coefficie~tof variation 
Residen~lal (1042) 
Numberdfobservations 
% of saTT\~Ies above detection 
Median 
Coefficiedt of variation 

Fecal 
Fecal SJrepto- Total Total E. 

Coliform coccus Coliform Coli 
(mpnf100 (mpnf100 (mpnf100 (mpn/100 

mL) mL) mL) mL) 

83 
90.4 

12000 
2.4 

67 
955 
1750 
2.3 

14 
100 
700 
1.6 

11 
90.9 
1050 
2.1 

Nih 
(mg/L). 

1908 
71.3 
0.44 
1.4 

572 
82.2 
0.31 
1.1 

282 
58.5 
0.39 
1.6 

300 
83:3 
0.50 
1.2 

173 
67.1 
0.60 
1.0 

272 
78.3 
0.42 
1.3 

· ro -. .r1 liS-~ 
t')_--.:· ................ ._.. ~ -. .. ·;: 

; ; Nitr'ggemj Pfiil~J)nb• Phospho- : Sb, ~.--'' As, · 
N02+N03~~Total Kj~ltlahfrus;Jiltered~ rus; total ·•·· total · As, total filtered Be, total 

(fug/L} 2;;) (lilglb.), (mg/Ll ;~(mg/!.) ,- {Jlg/L) (pg/L} {Pg/L.} (jtg/L) 
1,; l.~ 

i) 
3075 f-~ 

97.3 
,, 

~.:?: 
0.60 ~· 

Q)' 

0,97 (\) 

~>2 

-:ii 
889 (;) 

97.6 
:') 

c<·< 

0.60 (j 

1.1 
.. 
f~ 
: ~ 

531 
., 

97.9 ,_... 
0.57 .:r: 
0.78 ''i 

; ·~ 
,_,j 
~ ... -~ 

445 ; J 
98.0 :"'1 

q) 
0.6 0 

C) 
1.1 { ~ 

:f~ 
284 
96.8 l') 

0.58 
' 

0.7 
'-...j 
;• 

461 
·-r 

96.3 
0.69 
0.92 

(I~ 

~ 
3191 
95,6 
1.4··' 
1.2 

922 
96.5 
1.5 
1.1 

517 
95.0 
1.4 
1.7 

469 
97.4 
1.5 
o;9 

276 
96.0 
1.4 
0;9 

483 
96.3 
1.4 
1.1 

';;!~i'"· 
:"!,!>' 

-6$b·· 
:83.5 
0.1.8 

~·();~ 

:.-·-

344 
88.1 

. 0.10 
1.2 

~t::" 

~~~;;c_;:~!I~'-. -;~~~~ • ··•· :;.~ : 
·0.27.· .da.o. · .a.o . 1.5 
1i5 · \1:7: 

926 
96,8 

2:6· 

~;} 395 

.40.8 
'3.p Q.3;1. ,_' 

1.1 -"··. ·'·~ ,.'2,2. 

552 
Q6;2' 

q.28 

4 ~-~-

158 
65.9 
3.0 

.'~.7 :·~.>: . . ·. ,. . ~·3,.9 

466. •.235. 
' , 
,33:6 

:h_O 
,, 

:! -~~-::=· 

255 
'52.9 

"''~478 

9s.2 b:~:-~ , . 
0.25 . :3:7' 4.0 
1.4 1.4 1.4 

,· ~.1:0 
- ~-

.~:. ,.,... 

~ .;·:;,. 

947 
'.7.7 
-'.b.4 
.. 2.5 

282 
7.8 
0.5 
2.5 

97 
11.3 
0.3 
2.7 

197 
10.7 
0.38 
2.5 
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Table 1. Summary of Available Storm water Data Included in NSQD, version 1.1 - Continued 

Mixed Industrial (218) 
Number of observations 
% of samples above detection 

Median 
Coefficient of variation 

Institutional (18) 
Number of observations 
% of samples above detection 
Median 
Coefficient of variation 
Freeways (185} 
Number of observations 
% of samples above detection 
Median 
Coefficient of variation 
Mixed Freeways (26) 
Number of observations 
% of samples above detection 

. Median 
Coefficient of variation 

Open Space (68) 
Number of observations 

% ot samples above detection 

Median 
Coefficient of variation 
Mixed Open Space (168) 
Number of observations 
% of samples above detection 

Median 
Coefficient of variation 

Fecal 
Fecal Strepto- Total Total E. Nitrogen, Phospho 

Coliform coccus Coliform . Coli. ·rotal Phospho- -rus, As,. 
(mpn/100 (mpli/100 (mprlf100 (mph/100 N02+N03 Kjeldahl rus, filtered total Sb, total ·As, total filtered Be, total 

ml} ml) !111..) ml) NH3 (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (pg/L_L_ (pg/L) (pg/L) (pg/L) 

79 
98.7 
3033 
2.5 

49 
100 

1700 
2.0 

20 
85.0 
2600 

' 2.3 

23 
91.3 
7200 
1.1 

59 
96.9 

11000 
2.5 

25 
100 

17000 
1.2 

16 
93.8 

19000 
1.1 

22 
90.9 

24900 
1.0 

14 
71.4 
2467 
1.5 

16 
100 

50000 
1.5 

13 
100 

1900 
2.2 

99 
30.3 
0.58 
o:8 

18 
88.9 
0.31 
0.5 

79 
87.3 
1.07 
1.3 

32 
18.8 
0.18. 

1.24 

173 
98.8 
0.59 
0.7 

18 
100 
0.6 
0.6 

25 
96.0 
0.28 
1.2 

22 
100 
0.9 
0.7 

44 

84.1 
0.59 
0.9 

160 
92.5 
1.1 

1.5 

18 
100 
1.35 
0.5 

125 
96.8 
2.0 
1.4 

22 
100 

·2.3 
1.3 

45 
71.1 
0.74 
0.9 

179 
84.4 
0.08 
2.3 

17 
82.4 
0.13 
0.5 

22 
95.5 
0.20 
2.1 

11 
100 
0.03 
0.9 

44 

79.6 
0.13 
0.9 

177 
95.5 
020 
1.6 

17 
94.1 
0.18 
1.0 

128 
99.2 
0.25 
1.8 

22 
100 
0.34 
0.7 

46 
84.8 
0.31 
3.5 

93 
88.2 
3.5 
0.9 

61 
55.7 
2.4 
0.7 

15 
80 
3.0 
0.7 

19 

31.6 
4.0 
0.4 

86 75 71 152 123 148 152 88 
97.7 100 22.5 97.4 90.2 85.8 96.1 44.3 
3000 21000 0.51 0.7 1.1 0.09 0.25 3.0 
2.3 2.4 1.2 0.8 0.9 1.1 1.1 0.9 

72 
50.0 
1.4 
2.0 

Table 1. Summary of Available Stonnwater Data h1cluded in NSQD, version 1.1 - Continued 
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Overall Summary (3765) 
Number of observations 
% of samples above detection 
Median 
Coefficient of variation 
Residential (1042) 
Number of observations. 
% of samples above defection 
Median · 
Coefficient of variation 
ixed Residimti1!1 (611) 
Number of observations 
% of samples above detection 
Median 
Coefficient ofvariation 
Commercial (527) 
Number of observations 
% of samples above detection 
Median 
Coefficient of variation 
Mixed Commercia[ (324) 
Number of observations 
%of samples above defection 
Median 
Coefficient of variation 
Industrial (566) 
Number of observations 
% of samples above defection 
Median 
Coefficient of variation 

5 
-{ 

Cd, total Cd, filtered Cr, total Cr, filtered Ct.i, total Cu, filtered Pb, total Pb, filtered Hg, total Ni, total fil~i, d Zn, total n:n, d 
{pg/L) {pg/L) {pg/L) {pg/L) {pg/L) {pg/L) {pg7L) {pg/L) {pg1L) {pg/1) ~~~~) {pg/L) 

1{p~~ 

2574 
40.6 
.1.0 
3.7 

695 
31.1 
0.5 
3.4 

420 
34.5 
0.9 
3.6 

379 
41.7 
0.96 
2.7 

188 
49.5 
0.9 
1.1 

435 
49.0 
2.0 
2.2 

389 
30.3 
0.50 
1.1 

30 
40~0 

0.30 
0.6 

47 
23.4 
0.30 
1.3 

41 
34.1 
0.35 
0.8 

42 
54.8 
0.60 
1.1 

1598 
70.2 
7.0 
1.5 

404 
53.2 
4.5 
1.2 

193 
81.3 
7.0 
1.5 

257 
60.7 
6.0 
1.3 

128 
88.3 
5;0 
1.1 

250 
72.0 
12.0 
1.2 

261 
60.5 
2.1 
0.7 

21 
52.4 
2.0 
0.8 

27 
40.7 
2.0 
0:6 

27 
66.7 
2.5 
0.7 

36 
55.6 
3.0 
0.7 

2722 
87.4 
16 
2.2 

771 
83.1 
12 
1.8 

432 
83.8 
16 
1.2 

408 
92.9 

17. 
1.5 

191 
93.2 
17.5 
3.0 

455 
88.6 
20.8 
2.0 

411 
83 
8.0 
1.6 

90 
63.3 
7.0 
2.0 

29 
72.4 
5.5 
0.9 

48 
79.2 
7.57 
0.8 

41 
80.5 
10 
0.6 

42 
90.5 
8.0 
0.7 

2949 
77.7 
17.0 
1.8 

762 
69.4 
12.0 
1.9 

500 
78.4 
16 
1.4 

399 
85.5 
18.0 
1.6 

244 
88.1 

. 17.0 
1.4 

452 
75.0 
24.9 
1.9 

446 
49.8 
3.0 
2.0 

108 
33.3 
3.0 
1.9 

30 
46.7 
3.0 
0.7 

59 
52.5 
5.0 
1.6 

41 
63.4 
3.5 
0.8 

51 
52.9 
5.0 
1.6 

1014 
10.2 
0.20 
2.5 

275 
6.9 

0.20 
0.9 

115 
15.7 
0.20 
0.8 

170 
6.5 

0.20 
0.8 

199 
13.9 
0.20 
2:7 

1430 
59.8 
8.0 
1.2 

392 
44.1 
5.6 
1.2 

150 
60 
7.8 
0.8 

242 
60.3 
7.0 
1.2 

102 
78.4 
5.1 
1.3 

237 
61.6 
14.0 
1.0 

246 
64.2 
4.0 
1.5 

25 
44.0 
2.0 
0.5 

25 
72.0 
5.5 
0.9 

23 
47.8 
3.0 
0.8 

26 
69.2 
3.5 
0.6 

36 
58.3 
5.0 
1.4 

3007 
96.6 
1~6 

3.3 

784 
96.2 
73 
1.3 

515 
92.6 
95 
0.9 

414 
99.0 
150 
1.2 

243 
98.8 

131.4 
1.7 

473 
98.9 
199 
1.5 

381 
96.3 
52 
3.9 

87 
89.7 
31.5 
0.8 

28 
100 
48 
0.9 

49 
100 
59 
1.4 

39 
100 
73 
0.8 

42 
95 .. 2 
112 
3.6 

Table L Summary of Available Stormwater Data Included in NSQD, version 1.1- Continued 

Cd, total Cd, filtered Cr, total Cr, filtered Cu, total Cu, filtered Pb, total Pb, filtered Hg, total Ni, total Ni, Zn, total Zn, 
{pg/L) {pgf!.L {pg/L) (ggjl) {pg/L) {pg/L) . __ {pg/L) ___ (g_g/L) {JI_gf!:.)_(gg/1) filtered {pg/L) filtererd 



"--
... , __ -

6 
~--

(pg/L) (pg/L) . 
Mixed Industrial (218) 
Number of observations 145 25 109 15 150 24 213 25 58 74 15 212 24 
% of samples above defection ()0.7 92.0 92.7 66.7 9o,o 100•0 82;6 9L.0 22.4 83:8 100.0 '98.6 95;8 
Median 1.6 0.60 8:0 2.0 23 6.0 20.0 5.0 0.3 12 5.0 172 2100 
Coefficient of variation 1.9 0.6 1.7 0.7 0.8 0.6 1.4 1:0 0.6 0.8 0.6 3.1 1~2 

Institutional (18) 

Number of observations 18 18 
% of samples above defection 77.8 100 
Median 5.75 305 
Coefficient of yariation 0.8 0.8 
Freeways {185) 

Number of observations 95 114 76 101 97 130 107 126 99 95 93 105 
% of samples above detection 71.6 26.3 98.7 78.2 99.0 99:2 100 50.0 89.9 67.4 96.8 99.1 

:Jl· Median 1.0 0.68 8.3 2.3 34.7 10:9 25 1.8 9.0 4.0 200 51 
~il) Coefficient of-variation , 0.9 1.0 0.7 6.7 1.0 1.5 1.5 1.7 0.9 1.4 1.0 1.9 

t~~~ Mixed Freeways (26) 

i;J l Number of observations 23 15 23 23 23 
J.;ul % of samples above detection 56.5 100 100 56.5 100 
G!~ Median 0.5 6.0 14 10.0 130 

till Coefficient of variation 2.2 1:0 1.0 1.3 0.9 
Open Space (68) 
Number of observations 38 36 39 45 45 
% of samples above detection 55.3 36.1 74.4 42.2 7U 
Median 0.38 5.4 10 10;0 40 
Coefficient of. variation 1.9 1.7 2.0 1.7 .1.3 
Mixed bpeti Spao!i (168) 

Number of observations 107 88 108 155 27 51 156 
% of samples above detection . 18.7 81.8 89.8 74.2 14.8 72.5 98.1 
Median 2.0 6.0 9.0 10 0.15 8.0 80 
Coefficient qf variation 1.4 1.3 1.0 2.3 0.4 1.1 1.1 
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Foreword 

Our Nation's waters are a valuable recreational resource. We use them for swimming and recreating, 
to seek adventure through white water rafting, surfing, and kayaking, or simply enjoying their 
aesthetic qualities while hiking or birdwatching. Protection of these waterbodies begins with state., 
territory, and authorized tribal adoption of water quality standards. The. draft Implementation 
Guidance for Ambient Water Quality Criteria for Bacteria was written to provide guidance to state, 
territory, and authorized tribal water quality programs on the adoption and implemention of 
bacteriological water quality criteria for the protection of waters designated for recreation. This 
document may also serve as a useful resource for state and local beach program managers and 
interested members of the public. 

This draft guidance takes into account feedback the Agency received on its previous February 2000 
draft and subsequent interactions with interested stakeholders. In response to this feedback, the 
scope and ~etail of this document increased significantly in comparison to EPA's February 2000 
version. · Consequently, we are providing this additional opportunity for public review of the 
Implementation Guidance for Ambient Water Quality Criteria for Bacteria to ensure that all 
interested parties have an opportunity to participate ·and offer comments on this important guidance. 

Once finished, I believe you will find this document a useful resource. We look forward to receiving 
your comments and working with you to ensure continued protection of our recreational waters. 
Should you have any questions or concerns, please do not hesitate to contact me (202-566-0430) or 
Elizabeth Southerland, Director of the Standards and Health Protection Division (202-5.66-0400). 
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NOTICE 

The Implementation Guidance for Ambient Water Quality Criteria for Bacteria is 
designed to address questions on implementing EPA's recommended water quality 
criteria for bacteria within state, territory, and authorized trib'al water quality 
programs. 

The guidance included in this document cannot impose legally binding requirements 
on EPA, states, territories, authorized tribes, or the regulated community. It cannot 

·substitute for Clean Water Act (CWA) requirements, EPA's regulations, or the 
obligations imposed by consent decrees or enforcement orders. Further, this guidance 
might not apply to a particular situation based upon the circumstances. 
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Executive Summary 

The purpose of this document is to provide guidance for the implementation of water quality 
criteria for bacteria once adopted into state and tribal water quality standards. As part of these 
recommendations, EPA is encouraging states and authorized tribes to use E. coli or enterococci as the 
basis of their water quality criteria for bacteria to protect fresh recreational waters. For marine 
recreational waters, EPA recommends the use of enterococci as the basis for water quality criteria 
for bacteria. Further, for coastal recreational waters (i.e., marine waters, coastal estuaries, and the 
Great Lakes), states are required to adopt bacteriological criteria as protective as EPA's Clean Water 
Act §304(a) criteria recommendations by April 2004. EPA believes the use of E. coli and/or 
enterococci are best suited to prevent acute gastrointestinal illness caused by the incidental ingestion 
of fecally contaminated recreational waterbodies. 

This document provides a summary ofEP A's existing recommended water quality criteria for 
bacteria that it published in 1986 as well as recommendations on the implementation of 
bacteriological criteria for the protection of recreation uses once they have been adopted into a state 
or authorized tribe's water quality standards. The use of water quality standa:J;ds to protect 
recreational waters encompasses a broad spectrum ofwaterbody types, from heavily-used ocean front 
beach areas, to remote mountain streams. This document attempts to acknowledge these different types 
of recreational uses and the different management choices that are available to states and tribes in 
managing these water resources. 

States and authorized tribes must adopt primary contact recreation wherever attainable for all 
surface waters within their jurisdiction, and, in doing so, consider the use of the waterbody by 
children and other susceptible groups. To provide protection ofhuman health, states and tribes should 
conduct sanitary surveys to identify sources of fecal pollution when high levels of bacteria are 
observed. 

In many circumstances, waterbodies are impacted by not only human sources of fecal 
contamination, but also other animals, including wildlife. In these situations, based on ability of 
warm-blooded animals to harbor and shed human pathogens, EPA feels it is inappropriate to conclude 
that these sources present no risk to human health from waterborne pathogens. Consequently, states 
and authorized tribes should not use broad exemptions from the bacteriological criteria for waters 
designated for primary contact recreation based on the presumption that high levels of bacteria 
resulting from non-human fecal contamination present no risk to human health. This policy statement 
revises EPA's previous policy as stated in its 1994 Water Quality Standards Handbook, which 
allowed states and authorized tribes to justify a decision not to apply the bacteriological criteria to 
particularrecreational waters when high concentrations ofbacteria were found to be of animal origin. 

For heavily-used beach areas and other well-known or popular recreational areas, EPA 
recommends-a more conservative approach in-the adoption and implementation of recreational water 
quality standards, such as adoption of criteria based on lower illness rates, consideration of the use 
of the 7 5% confidence level as a single sample maximum value, frequent monitoring, and the use of 
sanitary surveys to identify sources of fecal pollution. 
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For other types of waterbodies, states and authorized tribes may opt to use different 
approaches in the management of their recreational waterbodies. For example, those states and 
authorized tribes wishing to adopt bacteriological criteria based on the same illness rates for their 
fresh and marine waters may adopt both fresh and marine water criteria based on illness rates no 
greater than 14 illnesses per 1000 swimmers. For states and authorized tribes not opting for this 
approach, the maximum illness rate upon which fresh water criteria should be based is 14 illnesses 
per 1 000 swimmers and the maximum illness rate upon which marine water criteria should be based 
is 19 illnesses per 1000 swimmers. 

In some instances, particularly in northern climates, states and authorized tribes may choose 
to adopt seasonal recreation uses to protect primary contact recreation during the time of year it occurs 
and to prevent excessive disinfection by dischargers during the winter months. Residual chlorine in 
effluents can result in the formation of disinfection by-products, such as trihalomethanes in surface 
waters, which can have an adverse effect on human health and aquatic life. In other circumstances 
where a state or authorized tribe has determined that primary contact recreation is not an existing use 
as defined by federal and state (or tribal) regulations, nor attainable for one ofthe reasons identified 
in the federal and state (or tribal) regulations, states and authorized tribes may adopt other categories 
of recreation such as intermittent primary contact recreation, wildlife impacted recreation, or 
secondary contact recreation. 

In addition to providing recommendations on the adoption of recreational uses and protective· 
water quality criteria into water quality standards, the document also provides explanations of how 
states' and authorized tribes' recreational water quality standards should be used to form the basis for 
water quality-based National Pollutant Discharge Elimination System permits, assess and determine 
attainment of water quality standards, and develop subsequent Total Maximum Daily Loads and 
wasteload allocations. 

VVhile this document is focused primarily on the adoption and implementation of water quality 
criteria for bacteria as part of a states' or tribes' recreational water quality standards, there are some 
natural relationships between this topic and drinking water programs, shellfishing programs, and 
beach management activities. This document provides brief discussions of these relationships and, 
where appropriate, provides the reader with references where more information may be obtained. 
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1. Background and Introduction 

In 19 86, the U.S. Environmental Protection Agency (EPA) published Ambient Water Quality 
Criteria for Bacteria-1986. That document contained EPA's reconunended water quality criteria for 
bacteria for the protection of bathers from gastrointestinal illness in recreational waters. The water 
quality criteria established levels 9f indicator bacteria, namely Escherichia coli (E. coli) and 
enterococci, that demonstrate the presence of fecal pollution and which should not be exceeded in 
order to protect bathers in fresh and marine recreational waters. Indicator organisms such as these 
have long been used to protect bathers from illnesses that may be contracted from recreational 
activities in surface waters contaminated by fecal pollution. These organisms often do not cause 
illness directly, but have demonstrated characteristics that make them good indicators of hamiful 
pathogens in waterbodies. Prior to its 1986 recommendations, EPA recommended the use offecal 
colifonns as an indicator organism to protect bathers from gastrointestinal illness in recreational 
waters. Following epidemiological studies conducted by EPA that evaluated the use of several 
organisms as indicators, including fecal coliforms, E. coli, and enterococci, EPA recommended in 
1986 the use of E. coli for fresh recreational waters and enterococci for fresh and marine recreational 
waters because they were better predictors of acute gastrointestinal illness than fecal coliforms. Some 
states and authorized tribes have replaced their fecal coliform criteria with water quality criteria for 
E. coli and/or enterococci; however, many other states and authorized tribes have not yet made this 
transition. 

The main route of exposure to illness-causing organisms in recreational beach waters is 
through direct contact with polluted water while swimming, most commonly through accidental 
ingestion of contaminated water. In waters containing fecal contamination, potentially all of the 
waterborne diseases that are spread through fecal contamination and subsequent ingestion (the "fecal
oral route") may affect bathers. These illnesses result from the following: 

Bacterial infection (such as cholera, salmonellosis, shigellosis, and gastroenteritis). 
•· Viral infection (such as infectious hepatitis, gastroenteritis, and intestinal diseases caused by 

enteroviruses ). 
Protozoan infections (such as cryptosporidiosis, amoebic dysentery, and giardiasis). 

Although the most common effects ofbathing in contaminated water are illnesses affecting 
the gastrointestinal tract, other illnesses and conditions affecting the eye, ear, skin, and upper 
respiratory tract can be contracted as well. With these conditions, infection often results when 
pathogenic microorganisms come into contact with small breaks and tears in the skin or ruptures in 
delicate membranes in the ear or nose resulting from diving into the water. These illnesses are not 
likely to be life-threatening for the majority of the population. 

Microorganisms are ubiquitous in all terrestrial and aquatic ecosystems. Many types are 
beneficial, functioning as agents for chemical decomposition, food sources for larger animals, and 
essential components ofthe nitrogen cycle and other biogeochemical cycles. Some microorganisms 
reside in the bodies ofanimals and aid in the digestion offood; others are used for medical purposes 
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such as providing antibiotics. Of the vast nurriber of species of microorganisms present in the 
environment, only a small subset are human pathogens, capable of causing varying degrees of illness 
in humans. While some human pathogens are naturally occurring in the environment (e.g., N aeglaria 
or Vibrio cholera), the source ofthese microorganisms is usually the feces or other wastes ofhumans 
and various other warm-blooded animals. The pathogens most commonly identified and associated 
with waterborne diseases can be grouped into the three general categories: bacteria, viruses, and 
protozoa. 

Bacteria are unicellular organisms that lack an organized nucleus and contain no chlorophyll. Waste 
from warm-blooded animals is a source of many types ofbacteria found in waterbodies, including the 
coliform group and streptococcus, lactobacillus, staphylococcus, and clostridia. It is important to 
note, however, that most types of bacteria are not pathogenic. 

Viruses are a group of infectious agents that are obligate intracellular parasites (i.e., require a host 
in which to live). The most significant virus group affecting water quality and human health originates 
in the gastrointestinal tract of infected animals. These e11teric viruses are excreted in feces and include 
hepatitis A, rotaviruses, Norwalk-type viruses, adenoviruses, enteroviruses, and reoviruses. 

Protozoa are unicellular organisms occurring primarily in the aquatic environment. Pathogenic 
protozoa constitute almost 30 percent of the 35,000 known species of protozoans. Pathogenic 
protozoa exist in the environment as cysts that hatch, releasing infective forms that attach to or invade 
cells, and then grow and multiply, causing associated illness. Encystation of protozoa facilitates their 
survival, protecting them from harsh conditions such as high temperature and salinity. Two protozoa 
of major concern as waterborne pathogens are Giardia Iamblia and Cryptosporidium parvum. 

The detection and enumeration of all pathogens of concern is impractical in most circum
stances due to the potential for many different pathogens to reside in a single waterbody, lack of 
readily available and affordable methods, and the variation in likely pathogen concentrations. The 
use of indicators provides regulators and water quality managers with a means to ascertain the 
likelihood that human pathogens may be present in recreational waters. Specifically, the criteria 
published by EPA are intended, once adopted by states and authorized tribes, to control pathogens by 
keeping concentrations of indicator organisms at a level that corresponds with acceptable risks of 
acute gastrointestinal illness to recreational water users. Of the different illnesses that may be 
contracted during recreational activities, gastrointestinal illness occurs most frequently (CDC 2000; 
CDC 199 8). Gastroenteritis is a term for a variety of diseases that affect the gastrointestinal tract and 
are rarely life-threatening. Symptoms ofthe illness include vomiting, diarrhea, stomach ache, nausea, 
headache, and fever. While other illnesses may be contracted from recreational activities, they are 
not specifically addressed by EPA's criteria recommendations. People who become ill as a result 
ofbathing in contaminated water often do not associate their illness symptoms with swimming because 
symptoms often appear several days after exposure and are often not severe enough to cause 
individuals -to go to .the -hospital or -see a doctor. Most people afflicted by gastroenteritis will 
experience flu-like symptoms several days after exposure, rarely suspecting that j.ngestion of water 
while recreating is the cause of their illness and often assuming that the symptoms are a result of the 
flu or food poisoning. Consequently, disease outbreaks often are inconsistently detected and reported, 
leading to difficulty in ascertaining the total incidences of illness resulting from contact with 
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recreational waters. 

1.1 What is the purpose of this guidance? 

This guidance provides recommendations to help states1 and authorized tribes2 implement 
EPA's recomn1ended water quality criteria for bacteria for the protection of recreational waters. EPA 
strongly encourages states and authorized tribes that have not already done so, to adopt the 
recomnwndations set forth in Ambient Water Quality Criteria for Bacteria- 1986 or to adopt other 
scientifically defe!1sible water quality criteria for bacteria into their recreational water quality 
standards to replace fecal or total coliform criteria. 

EPA's Ambient Water Quality Criteria for Bacteria-1986 was developed for the protection 
of waters designated for recreational uses. Under section304( a) of the Clean Water Act (CWA), EPA 
is required to publish water quality criteria accurately reflecting the latest scientific knowledge for 
the protection ofhuman health at:).d aquatic life. The scien,tific foundation of the criteria is based on 
studies conducted 'PY EPA dem011sttating that for fresh water, E. coli and enterococ;ci are best suited 
for predicting the presence of gastrointestinal illness-causing pathogens, and for marine waters, 
enterococci is. most appropriate. EPA believes the E. coli and enterococci indicators provide a better 
means of protecting recreators fromcontracting gastrointestinal illness than the use of fecal coliforrns. 
The transition to E. coli and enterococci bacterial indicators continues to be an Agency priority for 
states' and authorized tribes' triennial reviews of water quality standards. Further, the recently
enacted amendments to the Clean Water Act, also known as the Beaches Environmental Assessment 
and Coastal Health Act (BEACH Act amendments), require coastal and Great Lakes states, by April 
2004, to adopt EPA's recommended water quality criteria for bacteria or other criteria for pathogens 
or pathogen indicators demonstrated to be as protective as EPA's recommended water quality criteria 
for Great Lakes, marine, and estuarine waters. The BEACH Act amendments further direct EPA to 
propose andpromulgate such standards forstatesthatfailto do so. Appendix A contains the full text 
of the Beach Act. 

1.2 Why is EPA publishing this guidance? 

Despite EPA's and other studies (see Appendix B) demonstrating better correlation between 
swimming-associated illnesses and concentrations of E. coli and enterococci, many states and 
authorized tribes continue to use either fecal or total coliform criteria to protect and maintain 

1Note: The te1m "states" will be used to denote states and U.S. territories. 

2Pursuant to section 518( e) of the CW A, EPA is authorized to treat an Indian tribe in the same manner as 
a state for the purposes of administering a water quality standards program. 40 CFR 131.8 establishes the criteria 
by which the Agency makes such a dete1mination. At this time, 23 tribes have requested and been granted program 
authorization, and 20 tribes-have adopted, and EPA has approved, water quality standards pursuant to section 303(c) 
of the Act, and the implementing federal regulations at 40 CPR 131. 
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waterbodies designated for recreation. To date, only 18 states, 3 territories, and 6 authorized tribes3 

have adopted E. coli and/or enterococci criteria to protect all or part of their waters designated for 
recreation within their jurisdiction (Appendix C). EPA recognizes there has been some uncertainty 
among states and authorized tribes with regard to how EPA's recommended 1986 bacteriological 
water quality criteria should be implemented and how the transition should be made from fecal 
coliforms to E. coli and enterococci. This guidance addresses those issues identified by states and 
authorized tribes as impeding their progress toward adopting and implementing EPA's current 
recommended water quality criteria for bacteria. To assist states and authorized tribes in the adoption 
and implementation ofEP A's recommended water quality criteria for bacteria, this document includes 
the following: 

Section 2 contains a reaffirmation of the scientific ;validity of the Ambient Water Quality 
Criteria for B.acteria-19 8 6 through a summarization EPA's review of relevant peer -reviewed 
epidemiological studies conducted since EPA's 1984 epidemiological studies; 

Section 3 contains an explanation of the relationship among state and tribal water quality 
standards, the r~quirements of the BEACH Act amendments, and state and authorized tribal 
beach monitoring and <tdvisory programs; 

Sections 4.2 and 4.4 contain recommendations on the application of EPA's recommended 
water quality criteria to waters contaminated by non-human sources; 

Section 4.3 provides recommendations for appropriate approaches for monitoring the safety 
of recreational waters in those tropical climates where E. coli and enterococci may exist 
naturally in the soil environment, possibly complicating the use of those organisms as 
indicators; 

Sections 4.4 and 4.5 provide recommendations for appropriate approaches for managing risk 
in waters that are not designated for primary contactrecreation, including waters impacted by 
wildlife sources of fecal pollution or high levels of indicator organisms during wet weather 
events; 

Section 5.1 contains recommendations for making the transition from fecal coliforms to EPA's 
recommended water quality criteria, including the use of multiple indicators during a transition 
period; 

3The states of Arizona, California, Colorado, Connecticut, Delaware, Hawaii, Idaho, Indiana, Maine, 
Michigan, New Hampshire, New Jersey, Ohio, bklahorna, Oregon, Tennessee, Texas, and Vermont; the territories 
of American Samoa, Commonwealth of the Northern Mariana Islands, and Puerto Rico; and the tribes of the 
Acoma Pueblo, the Colville Confederated Tribes, the Confederated Tribes of the Umatilla Indian Reservation of 
Oregon, the Fond duLac Band of Lake Superior Chippewa, the Ft. PeckAssiniboine and Sioux Tribes, and the 
Wam1 Springs Tribe have adopted water quality criteria for bacteria based· on E. coli andior enterococci to protect 
part or all of their recreational waters. In .some cases, because the jurisdiction over bathing beaches and 
administration of the state's water quality standards often resides with different departments or at different levels 
of government (i.e., state versus county), EPA's recommended water quality criteria may be used to manage 
beaches even though the state has not adopted the criteria into its water quality standards. 
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Section 5.4 contains recommendations on the development ofwasteload allocations for the 
purpose of calculating Total Maximum Daily Loads; 

Section 5.5 provides recommendations for the use of detection and enumeration methods in 
monitoring ambient and effluent water quality; and 

Sections 5. 6 and 5. 7 discuss the relationship of recommendations contained in this document 
to the protection of drinking water sources and shellfishing waters, respectively. 

1.3 Who should use this guidance? 

rhis guidance should be used by state and authorized tribal environmental agencies 
administering a water quality standards program. This guidance may also provide useful information 
for state, tribal, and local beach program managers and interested members of the public. 

1.4 What are EPA's recommended water quality criteria for bacteria? 

The tables in Appendix D contain EPA's recommended water quality criteria for the protection 
of primary contact recreation. The criteria consist of geometric mean and single sample maximum 
bacteria density value components derived from specific illness rates. When the criteria were 
publidhed iri 1986, they were based upon specified illness rates for fresh and marine·recreational 
waters. Specific single sample maximum values were derived using percentiles (referred to as 
"confidence levels" in the criteria document) associated with the geomet~ic mean and observed 
standard deviation and were given descriptive headings based on the sugg~sted application of the 
maxltnum values to varying use infefisiti:es. 

EPA's criteria recommendations include single sample maximum values targeted to various 
percentiles at the upper range of the observed distribution. In terms of criteria setting, the targeted 
level of protection is the illness rate, and the most direct relationship between measurements of 
bacterial levels and illness rate is the geometric mean of measurements taken over the course of a 
recreation season. The best way to interpret a series of measurements taken over a period oftime is 
in comparison to the geometric mean, and the best way to interpret any single measurement is in 
comparison to the confidence level associated with the distribution around the geometric mean. 

When EPA published its criteria in 1986, illness rates were established based on 8 illnesses 
per 1 000 swimmers in fresh waters and 19 illnesses per 1000 in marine waters, an approximation of 
the protection previously afforded by the fecal coliform criterion. In this guidance EPA has 
determined that it would -be-appropriate for states and authorized tribes to protect marine waters at 
approximately the same level as. fresh waters. This could en taU adopting or retaining a fresh water 
criterion at a level based on 8 illnesses per 1000 swimmers and adopting a criterion for marine 
recreational waters at the same illness rate. Alternatively, a state or authorized tribe m~y elect to 
choose criteria associated with other illness rates to apply to both its fresh and marine recreational 
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waters. While, in theory, states and authorized tribes could adopt criteria for both fresh and marine 
recreational waters associated with illness rates of up to 19 illnesses per 1000 swimmers to protect 
its waters designated for primary contact recreation (consistent with EPA's 1986 recommendations 
for marine waters) states and. authorized tribes should be aware that the epidemiological data used tb 
support the relationship between illness rates and fresh water bacteriological conditions is based on 
an observed illness rate·range ofup to 14 illnesses per 1000 swimmers, and thus, does not support 
extrapolation beyond that point. Consequently, EPArecommendsthatforstates and authorized tribes 
choosing to adopt fresh and marine water criteria based on approximately the same illness rates, the 
criteria be based on illness rates below 14 illnesses per 1000 swimmers. In any case, for marine 
recreational waters, EPA recommends states and authorized tribes adopt criteria associated with 19 

. or fewer illnesses per 1000 swimmers for the protection of primary contact recreation waters. Further 
discussion on this topic is contained in section 4.1.1. 

1.5 What is the basis for EPA's 1986 water quality criteriafor bacteria? 

Prior to publishing its recommended criteria in 1986, EPA conducted a series of epidemiolog
ical studies that examined the relationship between swimming-associated illness (namely, acute 
gastrointestinalillness )and the microbiological quality of the waters used by recreationa:lbathers. The 
results of those studies demonstrated that fecal coliforms, the inciicator originally recommended in 
1968 by the Federal Water Pollution Control Administration of the Department bfthelnterior, are 
correlated less strongly with swimniing-associated gastroenteritis than other possible indicator 
organisms. Two indicator organisms, E. coli and enterococci, exhibited a strong correlation to 
swimming-associated gastroenteritis, the former in fresh waters only and the latter in b9th fresh and 
marine waters (US EPA, 1986; USEPA, 1984; USEPA, 1983). The str,ong correlation may be due to 
the indicator organisms being more similar to the pathogens of concern in their ability to survive 
within the environment. In some cases, fecal coliforms are routinely detected where fecal. 
contamination is absent, possibly resulting in inaccurate assessments of recreational· safety. For 
example, Klebsiella spp., a bacterial organism that is part of the fecal coliform group and are 
generally not harmful to humans, are often present in pulp and paper and textile mill effluents 
(Archibald, 2000; Dufour et al., 1973). In contrast, E. coli and enterococci are less frequently found 
in environ'ments where fecal contamination is known to be absent, making them more suitable as 
indicators offecal contamination. Enterococci are also resistant to environmental factors, particularly 
saline environments, enhancing their utility as an indicator in marine waters. 

Based on these stUdies, EP A'sAmbient Water Quality Criteria for Bacteria -1986, published 
under section 304( a) of the CW A, recommended the use of criteria based on the indicator organisms 
E. coli and enterococci rather than fecal coliforms. 

1.5.1 How were EPA's epidemiological studies conducted? 

The data supporting the water quality criteria were obtained from a series of studies (USEPA, 
1984; US EPA, 1983) conducted by EPA examining the relationships between swimming-associated 
illness and the microbiological quality of waters used by recreational bathers. The EPA studies were 
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unique at the time they were initiated because they attempted to relate swimmer illness to water quality 
at the time of swimming. This was done by approaching individuals as they were leaving the beach 
and asking if they would volunteer to be a part of the recreational water studies. Individuals who had 
been swimming during 'the previous week were excluded from the study. After seven to 1 0 days, the 
volunteers were contacted by telephone to determine their health status since the swimming event. 
Control non-swimmers, usually a member of the volunteer's family, were questioned in a similar 
manner. The water quality was measured on the day the volunteers swam. Multiple potential 
indicators were measured in each beach water sample. Multiple indicators were measured because 
it was unknown which one would best correlate to swimmer illness. The swimming -associated illness 
parameter was obtained by subtracting the non-swimmer illness rate from the swimmer illness rate 
using data collected over a summer trial. Additional study details may be obtained from Health 
Effects Criteriafor Marine Recreational Waters (USEPA, 1983), Health Effects Criteria for Fresh 
Recreational Waters (USEPA, 1984), and the subsequent Ambient Water Quality Criteria for 
Bacteria-1986 (USEPA, 1986). 

1.5.2 How were the data from EPA's epidemiological studies analyzed to provide 
EPA's recommended water quality criteria for bacteria? 

These studies were conducted at three marine and two freshwater.locations over several years. 
Data were collected on the bacteriological water quality and the incidents of gastrointestinal illness 
among swimmers as compared to non-swimmers. For the purpose of analysis, the data collected at 
each of these sites were grouped by location and then by season. Each season at a beach was then 
averaged into one paired data point consisting of an averaged illness rate and a geometric mean of the 
observed water quality. These data points were plotted to determine the relationships between illness 
rates and average water quality (expressed as a geometric mean). The resulting linear regression 
equations were used to calculate recommended geometric mean values at specific levels of protection 
(e.g., 8 illnesses per thousand). Using a generalized standard deviation of the data collected to 
develop the relationships and assuming a log normal distribution, various percentiles of the upper 
ranges of these distributions were calculated and presented as single sample maximum values. 

EPA recognizes that the single sample maximum values in the 1986 criteria document are 
described as "upper confidence levels," however, the statistical equations used to calculate these 
values were those used to calculate percentile values. While the resultant maximum values would 
more appropriately be called 75111 percentile values, 82nd percentile values, etc., this document will 
continue to use the historical term "confidence levels" to describe these values to avoid confusion. 

As displayed in Appendix D tables, confidence levels were chosen ranging from 7 5% to 95% 
and assigned subjective, qualitative descriptions. For example, the most conservative single sample 

. maximum value was assigned to beach areas because a more conservative approach should be taken 
in the protection of-heavily-usedrecreationalwaterbodies. Conceivably, less-intensively-used areas 
may have the less restrictive single sample limits applied to them. EPA recommends the use of the 
single sample maximum value associated with a 7 5u' percentile for beach areas as a more conservative 
approach to assuring that the associated geometric mean is not exceeded in those areas regularly used 
for primary contact recreation activities. 
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The criteria were developed based on exposures ip.curred during swimming with head 
immersion and are thus intended to be adopted by states and authorized tribes to protect their primary 
contact recreation uses. Other criteria values may be used to protect surface waters that are not 
designated for primary contact recreation; however, such a designationmust be supported by a use 
attainability analysis consistent with federal regulations at 40 CFR 131.1 O(g). See sections 4.4 and 
4.5 for further discussion. 
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2. Reaffirmation ofEPA's Recommended Water Quality Criteria 

The following sections describe the scientific rationale underlying EPA's 1986 guidance, 
EPA's re-evaluation of its recommended criteria, and subsequent research conduCted following EPA's 
issuance of the 1986 guidance. The section also describes additional epidemiological research EPA 
plans to conduct in the future that may support development of new water quality criteria for bacteria. 

2,1 Does EPA continue to support its Ambient Water Quality Criteria for Bacteria -1986? 

EPA reviewed its original studies supporting its recommended 1986 water quality criteria for 
bacteria and the literature on epidemiological research studies conducted since EPA performed its 
maririe and freshwater research studies of swimming-associated health effects. Based on these 
reviews, EPA continues to believe that when appropriately applied and implemented, EPA's 
recommended water quality criteriaforbacteria are protective of human health for acute gastrointesti
nal illness. 

The epidemiological and statistical methods used to derive EPA's water quality criteria for 
bacteria represent a sound scientific rationale. As with all criteria, there are limitations and 
uncertainties. Aside from measuring pathogens directly, the use of bacterial indicators provides the 
best known approach to protecting swimmers against potential waterborne diseases thq.tmay be fecal 
in origin. Despite this fact, there are many known limitations ofusing indicators as the basis for . ' . . 
protective criteria. The criteria published by EPA are targeted toward protecting recreators from 
acute gastrointestinal illness and ±nay not provide protection against other waterborne diseases, such 
as eye, ear, skin, and upperrespiratoryinfections, nor illnesses that maybe transmitted from swimmer 
to swimmer. Also, certain subgroups of the population may contract illn.esses more readily than the 
general population. These subgroups include children, the elderly, and immuno-corhpromised 
individuals. In addition, because pathogens are notbeing measured directly, the concentration of 
pathogens causing acute.gastrointestinal illness !)lay not be constant over time and at different locations 
relative to the measured concentrations ofbacterial indicators. For instance, depending upon the type 
of source and the type and number of pathogens contributed by the source of fecal pollution, the actual 
number of illnesses realized for a given level of bacteria may be more or less than the rates observed 
in EPA's epidemiological studies that formed the basis of the criteria. On this topic, the Ambient 
Water Quality Criteria for Bacteria-1986 stated: . 

... the major limitations of the criteria are that the observed relationship may not l:>e 
valid ifthe size of the population contributing the fecal wastes becomes too. small or 
if epidemic conditions are present in a community. In both cases the pathogen to 
indicator ratio, which is approximately constant in a large population becomes 
unpredictable and therefore, the criteria may not be reliable under these circumstances. 

Lastly, new pathogens and strains of antibiotic resistant bacteria capable of causing gastrointestinal 
illness have been identified since EPA's studies were conducted. The introduction ofthese new 
pathogens into the environment may cause a greater number of illnesses to occur at a given level of 
indicator organisms. 
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These uncertainties and limitations demonstrate the need for appropriate implementation of 
water quality criteria for bacteria. To assure protection of recreational water users, EPA 
recommends: 

frequent monitoring of known recreation areas to establish a more complete 
database upon which to detennine if the water body is attaining the water quality 
criteria; 
assuring that where mixing zones for bacteria are authorized, they do not 
impinge upon known primary contact recreation areas; and 
conducting a sanitary survey when higher than normal levels of bacteria are 
measured. (See section 4 for additional information on conducting sanitary 
surveys.) 

In addition to its re-evaluation of the original studies, EPA reviewed the literature for 
epidemiological research studies conducted after EPA performed its marine and freshwater studies 
of swimming-associated health effects. The review examined recent studies to determine ifEPA's 
indicator relationship findings were supported or if different indicator bacteria were consistently 
shown to have quantitatively better predictive abilities. EP N s Office ofResearch and Development 
reviewed 11 separate peer-revi~wed studies. This detailed review is contained in Appendix B. 
Following this review, EPA's Office of Research and Developmentconcluded: 

The epidemiological studies conducted since 1984, which examined the relationships 
between water quality and swimming-associated health effects, have not established 
any new or unique principles that might significantly affect the current guidance EPA 
recommends for maintaining the microbiological safety of marine and :freshwater 
bathing beaches. Many of the studies have, in fact, c.onfirmed and validated the 
fi11dings of the U.S. EPA studies. There would appear to be no good reason for 
modifying theAgency' s cutrelit guidance fd:ttecteational waters at this time (Dufour, 
1999). 

· As a result of this examination, EPA believes its 1986 water quality criteria for bacteria 
continue to represent the best available science and serve as a defensible foundation for protecting 
public health in recreational waters. EPA has no new scientific information or data justifying a 
revision of the Agency's recommended 1986 water quality criteria for bacteria at this time. EPA 
continues to believe that when appropriately applied and implemented, EPA's recommended Ambient 
Water Quality Criteria for Bacteria-1986 are protective of human health for acute gastrointestinal 
illness. 

2.2 Have subsequent studies affected EPA's recommended water quality criteria for 
bacteria? 

None of the epidemiological studies examined by EPA in its recent review presented 
compelling evidence that necessitate revising the 1986 water quality criteria for bacteria 
recommended by EPA. Most of the studies used a survey plan similar to that used by EPA in the 
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Agency's studies during the 1970's and 1980's. The study sites chosen by most of the investigators 
were similar to those studied by EPA. In the studies, one site was typically a beach with some fecal 
contamination, and the other site was usually a .relatively unpolluted beach. Most .of the bacteria 
loadings at the polluted beach sites came from known point sources. The results from these studies 
were similar to those found in the EPA studies, i.e., swimming in fecally contaminated water was 
associated with a higher rate of gastrointestinal illnesses in swimmers when compared to non
swimmers. This outcome was not observed in two of the reviewed studies. The reason for a negative 
finding is unclear, but could be related to factors such as the short length of time between the 
swimming event and the follow-up contact, the small numbers of children in the study groups, or the 
selection of a study site in which the pollution source was poorly defined. 

Only a limited number of studies attempted to show a dose-response relationship between 
swimming water quality and gastrointestinal illness. Six of the studies (McBride et al., 1998; Kay et 
al., 1994; Cheung et al., 1990; Perley et al., 1989; Seyfried et al., 1985) showed that as the level of 
pollution increased, there was also an incre~se in swimming-associated illness. Only two studies that 
looked for a relationship between swimming-associated illness and the level ofwater quality failed 
to find such a relationship (Kueh et al., 1995; Corbett et al., 1993). It is possible that these findings 
were related to the indicator organisms measured (i.e., fecal coliforms and fecal streptococci) or to 
the methodology usydto detect the indicators. In general, the result of these studies was similar to the 
results fourid in the EPA studies; the swimming~associated illness rate increased with increasing water 
pollution levels. 

It has been shown that some indicator organisms are superior predictors of gastrointestinal 
· illness in swimmers. In the EPA studies, E. coli and enterococci exhibited the strongestrelationships 
to swimming-associated gastrointestinal illness. Some of the studies reviewed describe other 
microbes having strong relationships with swimming-associated gastrointestinal illness, such as 
staphylococci (Seyfried et al., 1985), Clostridium perfringens (1\cueh et al., 1995), and Aero monas 
spp. (Kueh et al., 1995). Most ofthestudies, however, hadfindingssimilartothoseofthe·EPA 
studies in which enterococci were shown to be the most efficient indicators for measuring marine 
water quality. One of the two fresh water studies indicated that E. coli and enterococci both exhibited 
very strong correlations with swimming-associated gastrointestinal illness. In general, the best 
indicator organisms for measuring water quality in the reviewed studies were E. coli and enterococci, 
results similar to those documented in EPA's studies. · 

In examining the relationships between water quality and swimming-associated gastrointestinal 
illness, the epidemiological studies conducted since 1984 offer no new or unique principles that 
significantly affect the current water quality criteria EPA recommends for protecting and maintaining 
recreational uses of marine and fresh waters. Many of the studies have, in fact, confmned and 
validated the fmdings of EPA's studies. Thus, EPA has no new scientific information or data 
justifying a revision of the Agency's recommended 1986 water quality criteria for bacteria at this time. 

2.3 Is EPA planning on conducting additional epidemiological studies in the future? 

The recently enacted Beaches Environmental Assessment and Costal Health (BEACH) Act 
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amendments to the Clean Water Act require EPA to.perform an assessment of potential human health 
risks tesulting from exp'osure to pathogens ill co'astalrecreation waters. To meet this requirement, 
EPA is plmming to conduct addi~tionFl-1 epidemiological studies that may be us.ed to revise and develop 
newwaterqua:lity otitetiaforpathogens atid pathogen indicatoi·s. SeeCWA §§ 104, 304(a) (33 U.S.C. 
1254; 33 U.S.C. 1314). Section 3 con1ains more information 011, the BEACH Actof2000 and EPA's 
BEACH program. Appendix A contains the full text of the BEACH Act. 

Future epidemiological studies and evaltlation ofuew indicators and methods may provide 
new information to support protection ofrecreation waters. EP Aphms to conduct epidemiological 
studies to support the development .of new water quality indica tots and associated guidelines for 
recreational waters. The epidemiological studies will examine the illness rates in families with 
children as they relate to microbial ooiitaminantJevels in fresh and inarinerecreational waters. The 
studies will evaluate exposure to and effeqts of illness from microbial pathogens in recreational 
waters. A rm~ge of water quality indicators will be monitored in fresh and marine recreational waters. 
The specific indicators that will be used have not been determined at this time. Recreational waters 
inclttded in the study will be selected based on potential number ofbeaoh-goers, water quality, and 
sources of micro blat pathogens to .the water (domestic sewage versus animals). Pilot studies are 
scheduled to begin in su1muer 2002, with'full,scale studies being completed by the end ofthe.2006 
fiscal year. Pending their results, new criteria for the protection of recreation waters may be 
developed following the completion ofthese studies. 
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3. Relationship Between Water Quality Standards and Beach Monitoring and Advisory 
Programs 

CWA §303 requires states and authorized tribes to adopt water quality standards for waters 
of the United States within their jurisdiction sufficient to "protect the public health or welfare, enhance 
the quality of water and serve the purposes of[ the CW A]." EPA has an oversight role in this process. 
EPA's implementing regulations at40 CFR 131.11 require water quality criteria to be based on sound 
scientific rationale and to contain sufficient parameters to protect designated uses. Further, section 
3 03 (c) specifies that water quality standards shall include the designated use or uses to be made of 
the water and water quality criteria necessary to protect tho~e uses·. States and authorized tribes may 
adopt water qu~lity criteria based on EPA's recommended water quality criteria developed under 
section 304(a) of the CWA or other scientifically defensible methods. Within the context of this 
guidance, states and authorized tribes may adopt EPA's recommended water quality criteria for 
bacteria, or other water quality criteria for bacteria based on scientifically defensible methods, to 
protect those waterbodies designated for primary contact recreation. 

EPA's current304(a) criteria are used as the basis for Agency decisi011s, both regulatory and 
nomegulato1y, until EPA revises and reissues pollutant-specific 304(a) criteria, Two distinct 
purposes are served ·by the 304(a) otiterfa: (1) as guidance to states :;j.tld authorized tribes in the 
development and ado,ption of water quality criteria which will prote·ctdesignated uses, and (2) as the 
basis for promulgation of a superseding federal rule when such action is neoe.ssary. Once adopted by 
a state or authorized tribe into th~ir water .quality standards or promulgated by EPA for a state or 
authorized tribe, the water quality criteria are used to establish National Pollutant Discharge 
Elimination System (NPDES) water quality-based permit limits, to assess the attaiinnent of water 
quality, and to provide the basis upon which Total Maximum Daily Loads (TMDLs) are developed.4 

In addition to the uses for the state or tribal-adopted water quality criteria for bacteria listed 
above, some beach tnon:ltoring and advisory programs have us.ec1 the state or authorized tribe's 
bacteriological criteria adopted into the state's or authorized tribe's water quality standards to issue 
beach advisories and make opening and closure decisions for identified beach areas. In general, 
waters designated for primary contact recreation within a state or authorized tribe's water quality 
standards compris~ a much larger group ofwaterbodies than those falling under the purview of a state 
or tribe's beach program. While waters designated for primary contact recreation may consist of a 
majority of a state or tribe's waters and may vary in type from remote streams to well-known and 
highly managed beach areas, beach programs generally focus on the latter subset. EPA recommends 
beach programs use the state or tribal-adopted water quality standards for beach advisories (a 
requirement for those beaches covered under the BEACH Act) and encourages coordination between 
state and tribal water quality standards programs and beach monitoring and advisory programs. 

Although these natural relationships exist between water quality standards and beach 
monitoring and advisory programs, -the use ofbacterial-water quality-monitoring data-as part ofbeach 

4After a waterbody has been placed on a list by a state or authorized tribe for not attaining its water quality 
standards, a TMDL, which is an analysis apportioning pollutant loads to sources of the pollutant causing the 
impairment, is usually developed. 
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monitoring and advisory programs may differ slightly to account for some of the inherent differences 
between the two programs. For example, because a beach manager must make decisions based on 
water quality on a given day or weekend, he or she may focus more on recently collected data to 
determine whether a swimming advisory should be issued. This contrasts with the use of monitoring 
data for making a determination that a waterbody is,not attaining water quality standards as specified 
under CWA §303(d). In this case, states and authorized tribes will usually consider data collected 
over a longer period of time. Further, for beach programs, beach managers 111aywish to consider other 
types of data in addition to water quality data. This may include the consideration of rainfall data 
when notifying the public that the standards have been exceeded or are expected to be exceeded. A 
recent EPA-funded study in Massachusetts at Boston Harbor beaches found that because the time 
necessary to obtain wate:r quality monitoring results is at least 24 hours, levels of enterococci 
measured on the previous day were not always predictive of the water quality that existed when the 
monitoring results became available. The study found that using water quality data in conjunction with 
rainfall data as the basis for posting swimming advisories resulted in more accurate postings and 
fewer occasions when a swimming advisory would have otherwise been issued based on poor water 
quality associated with a previous day's measurements (MWRA, 2001). 

EPA understands that the authority for administering beach programs varies among states and 
tribes and may rest with state, tribal, county, or municipal government. When the governmental body 
with the responsibility and authority for a beach monitoring and advisory program differs from the 
state or tribe's water quality standards program, EPA encourages coordination of these programs to 
ensure tl:J.e greatest efficiency and consisten~y .in monitoring and data collection.·' Additional 
information on the use of EPA's recommended criteri~ for bacteria in beach monitoring and 
notification programs will be found in EPA's National Bea~h G~idance and Required Performance 
Criteria for Grants, which is expected to be made available to the public in June 2002. 

I 

3.1 What are the BEACH Act amendments and how do they apply to waters designated for 
recreation under a state or tribe's water quality standards? 

On October 10, 2000, the Beaches Environmental Assessment and Coastal Health Act 
(BEACH Act) was passed, amending the Clean Water Act to provide for monitoring of coastal 
recreation waters and public notification when the applicable water quality standards are not met or 
are not expected to be met. As defined by the Act, coastal recreation waters are the marine, coastal 
estuaries, and Great Lakes waters. The amendments contain three significant provisions, summarized 
as follows: , 

16 

1. The BEACH Act amended the CW A to include section 303(i), which requires states 
that have coastal recreation waters to adopt new or revised water quality standards " 
by Aprill 0, 2004, for pathogens and pathogen indicators that are as protective as the 
oriteriapublished-by E:PAunder-GWAsection304( a). SeeCWA§3 03 (ij(-l)(A). -The 
BEACH Act amendments further direct EPA to promulgate such standards for states 
that fail to do so. See CW A §303(i)(2)(A). For those states that have not adopted 
water quality standards as protective as EPA's water quality criteria, EPA intends to 
publish an Advance Notice of Proposed Rulemaking identifying those states not 
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adopting such criteria prior to its proposing federal water quality standards. 

2. The BEACH Act amended the CWA to require EPA to study issues associated with 
pathogens and human health and, by October 10, 2005, to publish new or revised 
CWA section 304(a) criteria for pathogens and pathogen indicators based on these 
studies. See CWA §104(v). Within3 years after EPA's publication ofthe new or 
revised section 304(a) criteria, states that have coastal recreation waters must then 
adopt new or revised water quality standa~·ds for all pathogens and pathogen 
indicators to which EPA's new or revised section 304(a) criteria apply. See CWA 
§303(i)(1)(B). 

3. The BEACH Act amended the CWA to include a new section, section 406, which 
authorizes EPA to award grants to states and authorized tribes for the purpose of 
developing and implementing a pllogram to monitor for pathogens and pathogen 
indicators in coastal recreation waters adjacent to beaches that are used by the public 
and to notify the public if water quality standards for pathogens and pathogen 
indicators are exceeded or likely to be exceeded. To be .eligible for the implemen
tation grants,.states ai1d authorized. tribes m'-tst develop monitoring and notification 
programs that are consistent with performance criteria published by EPA under the 
Act. This performance criteria is contained in EPA's National Beach Guidance and 
Required Pe7formance Criteria for Grants. Development grants.· were made 
available to all eligible states in 2001, and will be made available again in2002. The 
BEACH Act also requires EPA to perform monitoring and notification activities for 
waters in states that do· not have a program consistent with EPA's performance 
criteria, using grants funds that would otherwise have been available to those states. 
See CWA §406(h). For the full text of the BEACH Act, see Appendix A. 

3.2 How will EPA determine if a state's water quality standards are as protective as EPA's 
1986 water quality criteria for bacteria? 

In detennining whether a state's water quality standards are as protective as EPA's 1986 
water quality criteria for bacteria for BEACH Act purposes, it is useful to review the development 
and analyses supporting the criteria. This analysis also applies to situations outside the context of the 
BEACH Actin evaluating and adopting the appropriate criteria to protect primary contact recreation 
uses. The water quality criteria for bacteria recommended by EPA consist of two elements: a 
geometric mean value and a single sample maximum. For each geometric mean value, four different 
single sample maximum values were developed based on the distribution of the observed data (See 
tables contained in Appendix C). These range from the 75% to the 95% confidence levels. 

As discussed in section 1.5 .2, the single maximum values calculated are more appropriately 
referred to as percentiles based on.the equations used. The term "confidence levels" has been 
retained to avoid confusion; however, the manner in which the maximum values were derived has 
implications for the implementation of the criteria: Percentiles represent the predicted bounds of 
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values surrounding the geometric mean. For example, 95 percent of the values used in calculating the 
recommended geometric means fell under the 95th percentile value, with only 5% ofthe values f~lling 
above the 95th percentile value. Likewise, 75 percent of the values used in calculating the 
recommended geometric mean fell below the 75th percentile value, with 25% of the values falling 
above the upper 7 5t11 percentile val:ue. The percentile values are based on a standard deviation and 
an assumption oflog normal shape of the distribution. In terms of statistics, a measurement falling 
above the 75t11 percentile value of the collected data is somewhat likely to lie beyond the distribution 
of values that constitute the geometric mean, whereas a measurement that falls above the 95th 
percentile value is very likely to lie beyond the distribution of values that constitute the geometric 
mean. 

In terms of risk management, selecting alower confidence level (e.g., 75%) for comparison 
to sing1e measurements will result in a more conservative estimate of whether the measurement is 
associated with a given geometric mean value. This would result in a greater number of "false 
positive" determinations (i.e., bias toward concluding that criteria are not attained). In the case of 
beach advisories, this more conservative approach may b~ warranted. In contrast, select}ng a higher 
confidence level (e.g., 95%) for comparison to single measureme11tswillresultin a less conservative 
estimate ofwhether:the rhea~urewentis associated with a givengeometricmean v?-lue. This would 
result in a fewerm:uriber of"false positive" determinations. EPA considers the range of the 75% to 
95% confid~rice levels to represent an appropriate balap.ce between "false positives" and "false 
negatives" for determining attainment of a geometriC mean associated with a given illness rate. 

Both the selection of a target illness rate within a. certain range. and the choice of a specific 
single sample maximum value within this range is a risk management decision at the discretion ofthe 
state or authorized tribe. In practice, the choice ofa single sample maximu111 depends on several 
considerations, including the degree ofconfidence that the variability as~ociated with the. standard 
devia:tionacc:ut~tely reflects the variability at the site[i.e., iftbe site ( orgroup of recn~ational waters) 
e:Xliihits endrrhous va:ti'iibility ~in bacteria levels, ther{a lower cbn:fideiice'leVel { e:g.; 75%) ma:y·be 
more appropriate, at least until a site-specific standard deviation is determined]. Another important 
consideration is the consequence of the decision (e.g., the potential for more illnesses versus the loss 
of recreational use resulting from abeach advisory orclosliie ). The table of single sample maximum 
values presented in the 1986 criteria document includes qualitative descriptors of beach usage 
associated with different confidence levels. This represents one approach to risk management, one 
that reflects a strong bias toward avoiding the potential for greater numbers of illnesses at more 
heavily used recreational waters. 

EPA will consider a state's water quality standards to be as protective as its recommendations 
consistent with the requirements in CW A §303(i)(l )(A) applying to coastal and Great Lakes states if, 
for fresh waters, the state's criteria are 

1. -based-on an-illness rate equal-to or less-than 14 illnesses per -1000; and-
2. uses a geometric mean and a single sample maximum; 

and if, for marine waters, the state's criteria are 
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1. based on an illness rat~ equal to or less than 19 illnesses per 1 000; and 
2. uses a geometric mean and a single sample maximum value. 

In either case, EPA would 'not consider a single sample maximum adopted exceeding the value 
associated with the 95% confidence level value to be ·as protective as its recommendations. EPA 
would also consider such criteria to be protective of primary contact recreation uses for waters not 
covered under the BEACH Act. 

EPA recommends states and authorized tribes adopt botp a geometric mean and single sample 
maximum fot several reasons. Because the criteria form the basis for several purposes under the 
Clean Water Act, adoption ofboth a geometric mean and a single sample maximum will give states 
and authorized tribes the n~oessary cbmpop,ents to best implement their adqpted criteria for water 
quality~based efflU!;mtlhnits, determine whether a waterbody is attaining its water quality standards, 
and issue·beachnotifications and advisories. In some circumstances, states and authorized tribes may 
conclw;le that after evaluation of theit monitoring data for a particular waterbody that, while the 
geom.etric mean is cO:rl$1stently met, the distribution of water quality data is such thatthe ~ingle sample 
maXihTUin values are rtiuJinely exceeded: Iri this case, as ,described in the Ambi?nt Water Quality 
Criteriajor Bacteri4-'-1986; a .state oraiJthOrized tribe may te~ca.lCulate a standard deviation specific 
to the waterbodyand subsequently adopt into water quality standards sing1e sample maximum values 
specific to the obs.erved distribution ofctiteria. For any state or al.lthorized tribe choosing this option, 
data used should be sufficient in number and representative of the waterbody. 

3.2.1 Once adopted by a state or authorized tribe into its water quality st~mdards, how 
should the water quality criteria for bacteri::(be used in beach monitoring and 
notification ptogtams? 

States, authorized trlbes, and local govei11Illents carrying oufbeach ri:ionitori.Jig and notification 
programs under section 406 of the Clean Water Act monitor certain coastal recreation waters for 
attainment of applicable water quality standards and notify the pu~lic whenever those standards are 
exceeded or are likely to be exceeded. 5 Assuming that a geometric mean value and a single sample 
maximum have been adopted, both measures should be used in making public notification decisions. 

Use ofboth the geometric mean and single sample maximum will enable beach managers to 
better evaluate the overall water quality oftheirbeaches. For example, comparison of water quality 
data with the single sample maximum value will provide beach managers with the most recent 
information about the water quality of a beach and the information with which to post beach closings 
or issue advisories. In addition, frequent exceedances of the geometric mean will likely indicate that 
a chronic contamination problem exists and that a sanitary survey should be conducted to detennine 
the cause. 

5Note: For states and authorized tribes receiving grants under the BEACH Act, the requirements described 
in this section are elements that must be included in a state or authorized tribe's beach monitoring and advisory 
program in order to be eligible to receive funding. For other state and tribal beach programs for waters not 
covered by the BEACH Act, these provisions should be considered recommendations. 
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· When bacteria concentrations exceed an applicable standard, the appropriate agency must 
immediately make a deCision to either issue a public notification or to.resample. A state, tribal, or 
local government can resample where there isreason to doubt the accuracy or certainty of the first 
sample, based on predefined quality assurance measures. The interpretation of the bacteria 
monitoring data with respect to notifying the public of an advisory or closing the beach should be clear 
and based on the decision rules established during the state or authorized tribe's planning process. 
(For more information, refer to the National Beach Guidance and Required Performance Criteria 
for Grants discussion in Section 4.2.1, When to Conduct Additional Sampling.) 

EPA's National Beach Guidance and Required Performance Criteria for Grants, also. 
contains detailed information and recommendations regarding when and how to provide public 

' ' 

notification for beaches coveredunder the state or authorized tribe's program. EPA recommends a 
"tiered" beach classification system in which beaches are sorted into various tiers, depending on 
beach risk and/or amount of use. Further, CWA §406 requires states, authorized tribes, and local 
governments to prioritize the use ofgrant funds for monitoring and notification programs based on the 
use Of the waterbody and therisk to human hea]th presented by pathogens or pathogen indicators. 
Thus, "Tier) "would includethosebeaches likefyto have the greatest risk and/or highestuse. ·Under 
this approach, the specific notification actions may be tailored to each category. (These recom
mendations are taken fromChapter 5 of the National Beach Guidance and Required Performance 
Criteria for Grants.) 

EPA recommends that atieredapproach be used to determine the sampling frequency for the 
designated beaches. In gener~l, EPA recommends that.states, tribes, and.local governments monitor 
at least once a week at the Tier 1 and Tier 2 beaches, resulting in the calculation .of a 30-day 
geometric mean based on at least four samples. 

Becausethe BEACH Act requires that states·and authorized tribes notify the public whenever 
·the watetqua:litysta:n:da:rds ate'exceeded'orlikelyto be exceeded; somestates, authOrized tribes; and 
local governments have logically concluded that a situation may arise in which a beach would 
continue to be closed or advisories issued after the isolated high·bacteria level was observed due to 
the continued exceedahceofthe geometric mean. Since the geometric mean is generally calculated 
based on data collected over the previous thirty days, a high bacteria level measured a week or two 
earlier could continue to cause the geometric mean value to remain high, even if subsequent samples 
are much lower. However, this type of situation can be prevented in the following ways. First, states, 
authorized tribes, and local governments that monitor more frequently than on a weekly basis will 
rarely encounter thi$ situation. In areas where regular monitoring occurs less frequently, monitoring 
should be conducted as soon as possible after a single, very high sample is detected. If a state, 
authorized tribe, or local government has developed a good quality assurance/quality control plan, 
requiring the collection of replicate samples would provide the it with further information with which 
to assess whether the observed high bacteria level is representative of conditions or is an "outlier." 

EPA has also proposed several ambient water quality monitoring methods for bacteria that are 
easily portable and relatively cheap, which should facilitate states', authorized tribes', and local 
governments' ability to conduct additional monitoring should the need arise. Additional samples taken 
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followhtg observance of a single high value will serve the dual purpose of identifying when the 
waterbody is safe again and showing that the geometric mean is being met based on increased 
samlJlh}g frequency. 

EPA believes these approaches will meet the BEACH Act requirement that states adopt water 
quality standard~ for their coastal waters "as protective as" EPA's recommendations. In using any 
of these approaches, the state will achieve the protection of recreational waterbodies consistent with 
EPA's criteria re.commendations. 
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4. Appropriate Approaches for Managing Risk in Recreational Waters 

Recreatioll occurs in many fon,n('l throughout the United States and frequently centers around 
waterbodies mid activities oocur.dng hnmd on th~ water. To protect the public while recreating in 
surface waters, states and authoriz~d tribes have adopted primary contact recreation uses and 
bacteriological criteria for the majority ofwaterbodies in the United States. Pursuant to the federal 
regulations, primary contact reore,ation uses must be adopted for waterbodies unless such uses are 
shown not to be attainable. Further, primary contact recreation uses must be adopted wherever 
necessary to protect such u.ses downstream. See 40 CFR 131.1 O(b ), 40 CFR 131.1 OG). 

As highlighted in section 2, states and authorized tribes may help assure protection of 
recreational waters through frequent monitoring of known recreatidn areas to establish a more 
complete database upon which to determine if the waterbody is attaining the water quality criteria; 
assm·il~g that where mixing zones for bacteria are authorized, they do not impinge upon known primary 
contact recreation areas; and conducting sanitary surveys when higher than normal levels ofbacteria 
are measured. 

Sanitary surveys are an important element of protecting recreational-waters and have long been 
used as a means to identify potential sources of contamination. A sanitary survey is au examination 
of a watershed to determine if unauthorized sanitary discharges are occuning from sources such as 
failed septic tank leach fields or cesspools, sewage leakage from broken pipes, sanitary sewer 
overflows from hydraulically overloaded sewers, or overflows from storni sewers that may contain 
illegal sanitary sewer connections. The survey should use available public health and public works 
departments' records to identify where such septic tanks and sewer lines exist so that observations 
are focused in the right places. A sanitary survey might also use dyes or other tracers in both dry and 
wet weather to see if unauthorized discharges are 0ccurring from septic tan1cs and sewers. In addition, 
EPA recommends that sanitary surveys identjfy other possible sources, including confined animal 
areas, wildlife watering points, and re~reatioiial spot$, such as dog tunniug/walkmg areas, since these 
·are also sources of fecal pollution. Additional guidance for conducting sanitary surveys may be found 
from several sources: The National B{3ach Guidance and Required Performance Criteria/or Grants 
cmltains a section discussing the U:se of sanitary surveys in recreational waters and contains a 
summarization o~ recent publications on the subject. Additional resources include the Guidance 
Manual for Conducting Sanitary Surveys of Public Water System (USEPA, 1999), the National 
Shellfish Sanitation Program Model Ordinance (NSSP, 1999/), and California's Guidance for 
Saltwater Beaches (draft) and Guidance for Freshwater Beaches (draft) (CADHS, 2000a; CADHS, 
2000b). 

Sanitary surveys, in addition to being a tool that can be used to identify sources of 
contamination, can provide useful data in characterizing a recreational waterbody and determining the 
relative contributio11s offecal p'ollution sources. This type of infotmation c~n1 be useful in deciding 
how-to control-sources -as-well-as .proJ,dde.usefuLinformation. to_a_state _or.authorized.tribe_that may 
be contemplating a change to the recreational use. While many waters are suitable for recreation of 
some sol't, there are circumstances where primary contact recreation may not be attainable. This 
section identifies these situations and provides recommendations to appropriately protect these 
waters. 
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4.1 Where should the primary contact recreation use apply? 

States and authorized tribes should designate primary contact recreation and adopt water 
quality criteria to support that use, unless shown to be unattainable, to reduce the risk of gastrointesti
nal illness in recreators. In particular, states and authorized tribes should assure that primary contact 
recreation uses are designated for waterbodies vyhere people engage, or are likely to engage, in· 
activities that could result in ingestion of water or immersion. These activities logically include 
swimming, water skiing, kayaking, and any other activity where contact and immersion in the water 
is likely. However, states and authorizedtribes ~hould also be aware that although conditions such 
as the location of a waterbody, high orlow flows, safety concerns, or other physical conditions of the 
waterbody may make it unlikely that these activities would· occur, EPA believes that people, 
particularly children, may swim or make other use of the waterbody such that ingestion may occur. 
Children .are more likely to engage in activities where ingestion of water is likely, even in 
waterbodies where ingestion would not.belikelyJor adults. Children splash and swim.in shallow 
water~ that may otherwise be considered too shallow for full body immersion. Other populations, such 
as kay akers or surfers, may actually seek out high flow or unsafe waters in which to recreate. 

4.1.1 What water quality criteria for b~cteria should states and authorized tribes adopt 
to protect waters designated f()r primary contact recreation? 

In ·adopting criteria to protect primary contact recreation waters, EPA recommends states and 
authorized. tribes use enterococci and/or g coli. criteria with a specified illness rate no greater than 
14 illnesses per 1000 swimmers for fresh waters a11d no greater than 19 illnesses per 1000 swin11n~rs 
f9rm~fipe ~~ters. These recoliilil~rr~a~i?P~. ar~ y{)ntaige~ in Appendix 9: In ~do_l)ti~g :Y<l:~er cp;taUty 
criteria for bacteria to protect waters designated for primary contact recreation; states and authorized 
tribes should adopt both a geometric mean and a single sample maximum using the values or equations 
described in Appendix C to calculate the appropriate geometric mean and single sample maximum 
values. EPA believes that the objective of protecting primary contact recreation waters is best 
achieved through this approach. The rationale behind this recommendation is contained in section 3 .2. 
For waters that are known to pe heavily-used swimming areas and where necessary to protect 
downstream primary contact recreation uses, states and authorized tribes should consider using more 
conservative approaches, such as adopting criteria based on lower illness rates (e.g., 8 illnesses per 
1000 swimmers for fresh waters) or a more conservative single sample maximum (e.g., single sample 
maximum values based on the 75%confidence level). For recommendations on refining recreation 
uses for waters where primary contact recreation is not attainable, see section 4.4. 

States and authorized tribes that opt to protect primary contact recreation waters with criteria 
associated with illness. rates within theseranges should recognize that this-is a risk management 
decision by the state or authorized tribe similar to the selection of alternate risk levels when adopting 
human health criteria for carcinogens, and thus would not require a use attainability analysis as 
described by the federal regulations at 40 CFR 131.10. Exercising such discretion should assure, 
however, that downstre~m uses, including downstream uses across state or tribal boundaries, are 
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protected. Further, like any other addition or revision to a state or authorized tribe's water quality 
standards, any subsequent change resulting from these risk management decisions are subject to the 
public participation requirements at 40 CFR 131.20(b ), 

In utilizing this risk management discretion, states and authorized tribes may wish to establish 
more than one category of;primary contact recreation use. For example, Colorado has two categories 
of primary contact recreation tlse ill addition to their secondary col+taot recreE~.tion designated use 
(CDPHE, 2001 ). The Recreatiori Class lA use is the default tlSe categary1 andls assigned a11E. coli 
criterion of 126 colony formiiig units ( cfu) ·per 100 milliliters (ml) based on EPA's recommended 
illl1ess rate of 8 illnesses per i 000 swh:nm6rs. In thi;Jse waters, prirnm'Y contact reqreation uses have 
been documented or are presumed to be present. The Recreat,ionl B use is intended to protect waters 
with thepoteutialto s1.1pport primary contact:i'e¢reatio1iuses attdma.y be assigned t>11ly if a reasonable 
level ofii1quiry has failed to identify an;texisting prh11ary contact recreation uses of the waterbody. 
This use category is assigned an E. coli c:dterion: of206 c:fu per 100 ml ba~ed on an illlless rate of 10 
illness.es per 1 QOO S)'Vimmers. Finally,uuder Colorado regrtlation, the secot1dary contactrecreation 
use (loi.own as R~creation CJass 2 in the Co~m:ado water quality standan;ls) ):nay be assign.ed only 
wher~ a use attain~bility analysis has PG~n conthicted C()i~sist~ht with 40 CER 131.10 ,that :fqrther 
deli10listrates there' is no reasonable potential for primacy .c.ontact r¢c:reation uses tp occur withinthe 
next 20-year period. This use oategory is assigned an E. coli criterion of630 cfu per 100 ml, which 
is five thnes the geometric mean criterion value associated with 8 illnesses per 1000 swimmers. 

4.1.2 When is it appropriate to adopt seasonal recreational uses? 

A seasonal recreation use may be appropriate in those states and authorized tribes where 
ambient air and water temperatures co,ol s-q,bstantially dwing tlJ_e wintermo;ntps. For example, in many 
northern _areEts, primary .cmitact recreation is possible only a few 111onths outofthe year .. Several 
states ai1d authorized tribes have adopted, arrd EPAhas ajJp.foved, primary contact recreation uses and 
the associated microbiological water quality criteria only for those months when primary contact 
recreation occurs and have relied on less stringent second~ry contact recreation Water quality criteria 
to protect for incidental exposure in the "non-swimming'' season. The federal regulat!on allows for 
seasonal uses, provided the criteria adopted to protect stlch uses do not preclude the attainment and 
n-:taintenance of a more protective use in another season. See 40 CFR 131.1 O(f). 

EPA feels this is an appropriate approach, particularly where treatment of discharges 
sufficient to meet the primary contact recreation use would.result in the use of disirifection by chlorine 
and thus, the release of residual chlorine in the,effluen,t. Total residual chlorine in effluents 
discharging to surface waters can react with organic compounds to prod~.ce disinfection by-products 
such as trihalomethanes. Trihalomethanes have an adverse impact on human health and aquatic life, 
and are consequently of particular concern in waterbodies used :for drinking water and areas where 
aquatic life-maybeadversely-impacted; Thus, in some cases-states-and authorized-tribeshaveadopted 
seasonal uses to allow for the reduction or suspension of effluent chlorination during the colder months 
and, consequently, to reduce risk to human health and aquatic life. 
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The rationale provided by states and authorized tribes to EPA to· support a change in water 
quality standards resulting in adoption of a seasonal recreation use for a waterbody need not be 
burdensome. EPA's regulations do not require a formal use attaimibility analysis for the adoption of 
seasonal recreation uses. Generally, for a state or authorized tribe contemplating such a revision to 
its recreational water quality standards, EPA would expect that the state or authorized tribe provide 
information on why the particular season js being chosen. This information may include information 
relating to the times of year when the ambient air and water temperatures support primary contact 
recreation, activities in and use (or lack thereof) ofthe waterbody during the proposed non-recreation 
months, and other relevant information. · 

4.2 What is EPA's policy regarding high levels of indicator organisms from animal sources? 

In the 1994 Water Quality Standards Handbook, EPA.established a policy that states and 
authorized tribes may apply water quality criteria for bacteria to waterbodies designated for 
recreation with the rebuttable .presumption that the indicators show the presence of human fecal 
contamination. As noted below, EPA .is now revising this policy. This 1994 policy stated: 

States may apply bacteriological criteria sufficient to support primary contact 
recreation with a rebuttable prysumption that the indicators show the preseiice of 
human fecal pollution. Rebuttal ofthis presumption, however, must be based on a 
sanitary survey that demonstrates alack ofcontamination from human sources: The 
basis for this option is theabsence of data demon~tratinga relationship between high 
densities ofbacteriological water qualitY indicators and increased risk of swimming
associated illness in animal-contaminated waters. 

In short,under thispolic;:y a state orauth,orizedtrib~ could justify a dec,ision not to apply the criteria 
to a particular waterbbdy whenbacterialmdkalors were"found to be oftiriirria1 origin'. This policy 
was based on the absence of data correlating non-human sources offeca1 ccmtamination and human 
illness and on the beliefthat pathogens ori~inating from animal sources present ap insignificant risk 
of acute gastrointestinal illness in humans. · · 

EPA no longer believes that the position taken in the 1994 Water Quality Standards Handbook 
is supported by the available scientific data. The available data suggest that there is some ris].( posed 
to humans as a result of exposure to microorganisms resulting from non-human fecal contamination. 
As a result, states and authorized tribes may no longer use broad exemptions from the bacteriological 
criteria for waters designated for primary contact recreation based on the presumption that high levels 
of bacteria resulting from non-human fecal contamination present no risk to human health. 

Recent evidence indicates that warm-blooded animals other than humans may be responsible 
-for-transmitting--pathogens-capable of-causing-illness in humans. -Examples-include outbreaks-of 
enterohemorrhagic E. coli 0157:H7, Salmonella, Giardia, and Cryptosporidium, all of which are 
frequently of animal origin. Consequently, due to the potential for animal sources to contribute human 
pathogens to surface waters, EPA is changing its 1994 policy as stated in the Water Quality Standards 
Handbook through this guidance to recommend that states and authorized tribes apply their water 
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quality criteria for bacteriato:all waterbodies designated for primary contact recreation in order to 
ehsui•e protection ofltuman health fFoin gastrointestinal illness. Livestock, wildlife, and domestic pets 
are carriers of hutna.n patho.g~ns anc:l can transmit these pathogens to surface waters as well as 
co11tribute significaJit numbers of indicator bacteria to water bodies. The relative health risk from 
waters contaminated by human soutces versus non-human sources has been the subject of recent 
debate, particularly related to the application and impl~mentation of EPA's recommended water 
quality criteria fo:r bacteria. Blanket exemptim~s for animal sources would not ensure protection of 
swimmers in watel's designated for primary contact recreation. 

Incidents where these pathogens have been spread to humans through water have been 
documented in recent years. In the case of E. coli 0157:H7, several cases have been cited in which 
fecal contamination frorn an:1mals was the probablE( ~murce of the pathogen. The most prominent 
examples have included contamination ofwatersupp1ies, including an outbreak in Alpine, Wyoming, 
in June 1998, affecting 157 people, andamajoroutbtealcWaJkerton, Ontario, inMayandJune of2000 
causing m_ore than 2,300 people to become ill and causing seven deaths (CDC, 2002; CDC, 2000; 
Ontario's Ministry of the Attome,y O;e;J;l~ral, 4DQQ). In; the fonrter case, po.ntami?at~<?n by wildlife of 
the COli1hltlility water supply is the susp¢:¢tedso\lry.{!, ~nd·in Walkerton, O~ta:do, heavy :rains causing 
agricultural runoff to leak into city wdls is suspeoted. The 1993 Milwaukee Cryptosporidium 
outbreak is a we11~1mown example ofwater &upply contamination thatresulted in 403,000 illnesses 
and approximately 100 deaths. The source ofthe oooysts was not identified, but suspected sources 
ii1clude agrioultun~l runoff from dairies in the r~gron, wast¢water from a. slaughtethouse and meat 
packing plant, andmunicipa1 wastewatertreatment-Plant ei'flueJlt (Casman, 1996; USDA, 1993). In 
addition, Cryptosporidium was.the known cause:of15 otheroutbreflks associated with c.lrinking and 
recreational water affecting 5,040 individuals in the U.'S. between 1991 and 1994 (Gibson et al., 
199 8). While many ofthe reported outbreaks haveooc'W1ed thropghthe consumption of contaminated 
drinking water, other incidences of E. coliO 157 :H7 htfectioh from exposure tq surface waters have 
been docmnerited. For exaMple, in the summer ofl991, 21E. coliG:>l57:H7 infectiotts were traced 
to.fecafc'otitafuination ofa'lalEe Where people swam in Portland, 'Oregon (K.eene·etal., 1994) 

These and other pathogens can cause significant gastrointestinal illness, although direct 
measurement of these organisms is not readily quantified by current conventional microbial methods. 
While EPA believes thatnon-human sources ar~ capable of transmitting pathogens that can cause the 
specific kinds of gastrointestinal illness identified in EPA's original epidemiological studies, the 
specific risk from these sources has not been ·fully detet~mined. The risk presented by fecal 
contamination of waters by non~lmman sources is possibly less significant; however, the increasing 
number of cases described above in which animals are the likely cause of the contamination and 
resulting illness present a compelling case to protect waters where human contact or consumption are 
likely to occur. In addition, because the presence of bacterial indicators may provide evidence of 
fecal pollution, high levels of these indicator organisms originating from animal sources may also 
indicate the presence of pathogens capable of causing other human illnesses irt addition to acute 
gastroenteritis. 

A study conducted by Calderon et al. (1991) sought to detennine if the human health risk from 
animal sources could be quantified. The study was conducted on a small, three-acre pond in a semi
rural community in central Connecticut and examined the relationship between water quality degraded 
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by dispersed, unidentified sources of animal fecal contamination and swimmer illness. It found that · 
although large numbers of indicator organisms were contributed to the waterbody by animals, the 
resulting health risk was statistically insignificant at the 95% confidence interval to swimmers. This . 
study concluded that EPA's currently recommended bacterial indicators are ineffective for predicting 
potential health effects associated with water contaminated by animal sources of fecal pollution. 

Because of the relatively small sample size and the closeness of the statistical analyses to 
demonstrating that a relationship existed between enterococci concentrations and swimmer illness, 
EPA believes that this single study does not provide an adequate basis to conclude that non-human 
sources of fecal contamination have no potentialt6 cause gastrointestinal illness in humans. (That is, 
the study p-value was 0.059 when analyzingthe correlation between enterococci and swimmer illness. 
A p-vahie less than 0.05 would have indicated a strong relations_hip between the two parameters.) 

Unless and until the time that the absence of a relationship between non-human sources of fecal 
contamination and human illness rates· is established, EPA recommends that states and authorized 
tribes apply their water quality criteria for bacteria to all waterbodies designated with prilnary contact 
recreation in order to ensure protection of humanhealth from gastrointestina:l illness, and thus is 
changing its policy regan:ling non~ human sources offec~l contamination from. what was pn~vibusly 
contained in the 1994 Wqter QualityStandards Handbook on this issue. 

WhileEP A believes a chan15e in this policy is necessary to ensure protection ofhuman health, 
EPA acknowledges such a changetn~y,presentst~tes and authorized tribes withdifficultieSjSUCh as 
the routine exceedari.ce of the ambient water .quality criterion due to .natural sou,rces ofpollutfon. 
Chartg,es to the.designated use maybe the mostappropriate way to address these situations. Examples 
of natural ( an4 poteptially lincontrqll~bl~} S(j.Urces are resid~nt. wildlife populations; tnigrating 
waterfowl, wilc1life refuges, orlakes :freque~tedby waterfoWL Forwaterbodiesaffectedby natural 
sol1rces such as these~ wherea significantp~rtio~ of~ec~l conta111i11ation is.shownto.befro1lli1~tural 
sources ~nd'a state ·or ilithoriz~d tribe d.emo!lstrat~s>the water'qualityicriterionforbaeteria ana the 
primary. contact recreation designated use is·notattainable through the c.ontrol of ot.l:rer sources, an 
intermittent, wildlife impacted, or secondary co11tact recreational use may be the most appropriate 
designated use. Section 4.4.2discusses the process a state or authorized tribe would follow to refine 
recreational uses where contamination from natural sources is significant. 

4.3 What is EPA's policy regarding high levels of indicator organisms originating from 
environmental sources in tropical climates? 

Recent research has raised the possibility that EPA's recommended indicator bacteria, E. coli 
andenterococci, may not be appropriateindicators for assessing the risk of gastrointestinal illness in 
tropical recreational waters. E. coli and enterococci have been found to persist in soils and 
waterbodies-(Fujioka et--aL,-1999; Fujiokaand-B-yappanahalli,-1-998;·Lopez-'Forr~s et··al.,-1-987). 
Some researchers have hypothesized that these bacteria have developed mechanisms to maintain 
viable cell populations for significant periods of time under uniform tropical conditions (Fujioka, 
1998). Because ofthese observations, some states and authorized tribes hav_e expressed a concern 
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that the use of EPA's recommended indicator organisms will result high observed concentrations of 
these bacteria that are not indicative of human health risks. 

4.3.1 Does EPA recommend a different indicator for tropical climates? 

At this ti1Ile, EPA does not recommend that states and authorized tribes use different bacteria 
indicators for recreational waters in tropical climates. BP A's continued teoominendation to apply E. 
coli and/ or enterococCi criteria for ~he protection of recreational waters in tropical climates is based 
on an e'X))ertworkshop held recentiy on this issue and the seieiltific information available to date. In 
March 2001, an EPA~ funded workshop was held hl I:Iawaii to evaluate the existhig scientific body 
of information on the ad¢ql.moy of cun~ei1t 'hi.dioators for tropical waters. Ihtemational experts who 
either h~we conducted studies OJ' who Were otherwise very familiar with the sci\'ntific data base 
regarding E. colt or ente:rocoaoi indicator persistence and growth in tropical environments were 
tasked to d¢terrilin~ . if th~se indicators renaained appt0ptiate for detennin:ing water quality and 
associated exposure risks !or ga;$1;rointes.tinal disease ~n recreatio;na;l water$. \Vhile the fi.nalreport 
ftom this exp~rtwotkshop has ;not YC!t he.~n 6ompleted, EPA's preliminary assessment of the 
workshop's outcome isJhat the eVidence is JidtGoi11peliiilgto yhange its.recorinnendation for states 
and authorized 'tribes to use E. coli or eilterocoGCi criteria to ettsure protection of.their tropical 
recreational waters. The Age1icy believes there curre11tly are insufficient data and information 
concei11ing possible adverse'lrealth implications to supportatecommertdatio;ti for the us¢ of different 
tropical itidicators. BPAwill coiJ,sider further research to deterr:Uhie whether or not environn1e11tal 
mechanis1Ils fa voting the persistence or growth oLE. coli aild enterococci indicators hnpact upon 
correctly detetl:'nining the safety of tropical recreational wa:tets. Also, B:P A will review' the tropical 
indicators workshop report, ~hen completed, to determine re.searoh and policy needs and to pm;sue 
future research on alternative indicators that may be better suited for characterizing tropical 
recrea~ional water quality. 

'4.3.2 What options are available to states and authorized tribes to address the 
applicability ofEPA's recommended water quality criteria for bacteria in tropical 
climates? 

States and authorized tribes have several options to modify their water quality standards 
and/ or implementation procedures to address the potential for bacterial indicators to' persist in tropical 
climates. First, a state or authorized tribe may develop water quality criteria applicable to 
recreational waters in tropical climate using alternative indicators. If a !)tate or authorized tribe 
wishes to pursue this approach, they should apply a risk-based methodology to the development ofthe 
water quality criteria to 'establish a correlation between alternative indicator organism concentrations 
and gastrointestinal illness. This approach would be consistent with EPA's requirements for the 
develop111ent of scienttfic-ally -defe-nsible criteria. See -40 e.ER. §-1-3-l.lltb)(l)(i.ii). In addition io 
demonstrating a statistically significant relationship to gastrointestinal illness, an altemative indicator 
shonld be h1dicative of recent contamination and be detectable and quantifiable using acceptable peer-

, reviewed analytical methods. 
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Clostridium perfringens has been identified as a candidate organism having potential as a 
bacteriological tracer offecal pollution. However, studies have yet to be conducted demonstrating 
a correlation between C. perfringens and the incidence of gastrointestinal illness. In addition, 
because C. pe1jringens forms spores that can survive for extended periods of time, EPA continues to 
have concerns regarding the ability of C. perfringens to indicate recent fecal contamination. 
However, for states and authorized tribes that do not wish to undertake resource-intensive 
epidemiological studies, C. perfringens1 or another microorganism associated with fecal pollution 
may be adopted as an additional tracer of fecal pollution.· EPA recommends the use of enterococci 
(expressed both as a geometric mean and single sample maximum) as the primary ba'cteriological 
indicator for marine and fresh waters (or E. coli for fresh waters), with a secondary tracer ofhuman 
fecal contamination if desired. For.a state or authorized tribe with tropical waters that chooses this 
approach, the use of the criteria and an additional tracer of fecal contamination in conjunction with 
site surveys should be adequate to protect the.primary contact recreational uses. EPA will work with 
states and authorized tribes concerned about.the applicability of EPA's recommended criteria in 
tropical waters on developing appropriate implementation procedures that take into account the 
behavior of indicator organisms in tropical climates. . 

Another option is the. adoption of a. subcategory of recreation use with appropriate crit~ri.a 
reflecting these natural conditicms similar tp the process described in section 4A.2 for waterbodies 
impacted by high levels of wildlife fecaLpollution. An approach such asthis would be· appropriate 
if it can be shown that the·primary contact recreation is not an existing use, the source ofpollution is 
notfrbm anthropogenic sources, andthatthe primary contact designateduse cannot be attained due to 
naturally~occurring pollutant concentrations preventing the attainment of the use. (See s.ection 4.4.2 
for additional details.) , · 

EPA notes that states and authoriz~d trib~s should exercise caution in undertaking this tatter 
appmach; domestic pets and wildlife(~speciaily waterfowl) can contribute sig11ificant numbers of 
indicator baCteria. While Such rion-huniansources may be less significant iri the tra:rism1ssio11 oftbe 
types ofgastrointestinal illnesses identified in EPA's original epidemiological studies, the'bacterial 
indtcators may indicate risks of other illnesses. Recent outbreaks of entero~emorrha~ic E. coli 
0157 :H7, Giardia, and Cryptosporidium, which are frequently of animal ori.gi.n, niay cause significant 
illness. (See section 4.2 for information on human health risks from animal sources· of fecal 
contamination.) 

In addition to the approaches described here, o_ther approaches may also be appropriate. EPA 
will work with states and authorized tribes interested in developing such approaches to assure they 
meet the requirements of the Clean Water Act and federal regulations. In general, the above 
approaches are applicable to any tropical area with high background concentrations of indicator 
bacteria. However, prior to any change to water quality standards or implementation procedures, 
EPA strongly recommends conducting sanitary surveys in addition to bacteria indicator monitoring, 
especially in-areas where higher-than-normal-bacteria densities are observed during monitoring. A 
discussion of sanitary surveys and additional related resources is provided at the beginning of section 
4. 
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4.4 'What options exist for adopting subcategories of recreation uses? 

.States and authorized tribes may. adopt ,subcategories of recreation uses. More choices in 
subcategories of recreational uses will allow states a11d authorizecl tribes to better tailor the level of 
protection to the waterbody where it is most 11eeded, while maii1taining some protection for 
tmanticipatedrecreation in waters where primary contactrecreationisunattainable, Examples of such 
categories ;:ire pthnary contact rec:reatitm. uses trrodifled to reflect high flow situations or waterbodies 
significantly impacted by wildlife sources of fecal contatr!.inatioh. In detern.1hrhig the appropriate 

· recreational use for a waterbody,states atrd at1thorized tribes should consider the factthatiu certain 
- cil·cmr'!sta~rocs people wilLusewha~evet watetbodies ate available for recreation, regardless of the 

physical conditions, and that adopting a r¢creatiorial use subcategory n)ay necessitate a concurrent plan 
or actions by the.state or authorized tr~ibe to cbinn1:unicate to the public the potential risks or hazards 
associated with recreating in certain waterbodies. 

In adopting recreational subcategories y.'ith criteria less stringent than that associated with 
primary col1tact repreation, some analysis will be required. While most recreational waters are 
designated fof,prirnary contact recreation to protect people en,gaged in water inunersion activities, 
there are so the waters Where, ifit,ca.h be shGr\Vhtpat re:Creation is not an existing use pursuant to 40 
CFR 131.1 O(h)(l), recreation uses.ffiay be teinoved altogether. 6 States .. and a'lltboriz;edtiipes tnust 
justify a cliarige to the ptimaty :contaqt recreation use for a 'Waterbody .throl;lgh a use .iattain.ability 
analysis. See 40 CFR 131. 1 O:(g). The level of analysis required will VarY depending upon .tbe: type 
of recreation use qeing design.ated, Table 4. 1· provides a sutnrn:acy of EPA's recom111e~rd~tion.s a,nd 
the types of a1mlyses that should accompapy any state or tribal revision to its recreational us¢s; These 
uses can include the designation of irttenrtittent, secondary,. or seasonal recreatioil uses. Slibj ect to the 
provision~ of4Q·.GFR 13 L 10, recreatiort uses other than primary contact:tecreatiou may be applicable 
to watet!l wh\:~ty~ £or example, hutnan caused cClnditioris·combined withwet weath.er events carurotbe 
tetned1ed, orwhetemeetingtheprimary cm1tactrecreation use at alltirne~ would result in substantial 
and widespread social And economic impact. Where ·states airCl atithorb~'d tlil?e~ 'havb iidopted uses 
less than primary contact recreation, federal regulations require a re~exal.irl:il'!:&tiotuwery three years 
to determine if any new inforination has become available to support the designation of a more 
protective recreation use. See 40 CFR 131.20. 

4.4.1 When is i~ a:rpropriate to modify primary contact recreation uses to reflect high 
flow situations? 

An intermittent recreation use may be appropriate when the water quality criteria associated 
with primary contact recreation are not attainable for all wet weather events. Meeting the water 
quality criteria associated with the primary co,ntact repreation use may be ~uspended during defined 
periods oftime, usually after a specified hydiologic or climatic event. EPA intends this intermittent 
primary contact-recreation use to be adoptedforwaterbodiesin a limited number ofciroumstances, 

6 40 CFR 131.3( e) defines existing uses as "those uses actually attained in the waterbody on or after 
November 28, 1975, whether or not they are included in the water quality standards." 
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contingent upon a state orauthorized tribe demonstratingthat the primary contact recreation use is not 
an existing use, is not attainable through effluent limitations under CW A § 3 01 (b)( 1 )(A) and (B) and 
§306 or through cost effective and reasonable best management practices, and meets one of the six 
reasons listed under 40 CFR 131.10(g).7 The length oftimethe water quality criteria (and, thus, the 
recreation uses) should be suspended during these events should be determined on a waterbody-by
waterbody basis, taking into account the proximity of outfalls to sensitive areas, the amount of rainfall, 
time of year, etc., and should not allow for any lowering of existing water quality. 

EPA antiCipates that. the use of high flow cutoffs will beprimarily applicable to flowing 
waterbodies and still waters impacted by flowing waterbodies; where high flows are accompanied 
by high levels of indicator bacteria that can not be c.ontrolled ~ithout substantial and widespread 
social and.economic impact. When considering whether a high flow cutoff may be appropriate for a 
particular waterbody, states and authorizedtribesshould evaluate the effects of the wet weather events 
on the recreation use. For example, in some waterbodies, high flows routinely provide an attractive 
recreation environment (e.g., for kayakers), making such waters ineligible for a high flow cutoff 
because this type use of a waterbody constitutes an existing use which cannot be removed. See 40 
CFR 131.1 O(h)(l ). In other circumstance~, high wet weather flowsresultin dangerous conditions 
phys!cally precludingrecreation (e.g., arroyo washes in theafid\\'.est), thus indicating that primary 
contact recreation is !lOtor should notbe occurring. Waterbody flowandveloCityvarygieatly among 

· wate.J;"bodies depending on a co:n:lbinationOfrnany factors, suchasthe amount of impervious surface, 
slope, soil textUre, v.eg~tative cover;.soil compaction, artdsb.il moisture~ The conditions affecting 
velocity also vary with.the depth and width ofthe.waterbod)"s channel. These variables affect the 
relationship between\vet weather events and the restilting levels of indicator bacteria. 

Adoption of a high flow cutoff should be based on rjgqro11s scientific assessment and needs 
to reflect public input. lfthewaterbodyis impacted by.co111bined se\Ver overflows~ the su~porting 
analysis_ for any water q11ality standardsrevision should be consisti.mt with,. orreflected in, the Long 
Terni Control Plan (DTCP):' 1\.dditionally, stichadutoffsho111dapp1yon acase.::by-'ca:sebasis (rather 
than state-wide, for example), shouldbe tailored to the water body (rivers, as distinct from lakes), and 

7 One of the six conditions listed under 40 CFR 131.10(g) must be met in .order to remove a designated 
use which is not an existing use, or to establish sub-categories of a use: 

(1) Naturally occurring pollutant concentrations prevent the attainment of the use; or 
(2) Natural, ephemeral, intermittent or low flow conditions ot water levels prevent the atttainment of the 

use, unless these conditions may be compensated for by the discharge of sufficient volume of effluent discharges 
without violating State water conservation requirements to enable uses to be met; or . 

(3) Human caused conditions or sources ofpollution prevent the attainment of the use and cannot be 
remedied or would cause more environmental damage to correct than to leave in place; or 

( 4) Dams; diversions or other types ofhydrologic modifications preclude the attainment of the use, and it 
is not feasibile to restore the waterbody to its original condition or to operate such modification in a way that 
would result in -the attainment·ofthe use; or 

(5) Physical conditions related to the natural features of the waterbody, such as the lack of a proper 
substrate, cover, flow, depth, pools, riffles, and the like, unrelated to water quality, preclude attainment of aquatic 
life protection uses; or 

(6) Controls more stringent than those required by sections 301(b) and 306 of the Act would result m· 
substantial and widespread economic and social impact. 
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sho\.Jld set the cutorfatapoint where it, only applies under certEt.in limited conditions. Fof flowing 
wate~'s, one approach is to specify the flow 6oitdi'tions when an exceedanoe may be allowed. 
AHel-nately, Jm;.eithyt flowing or still waters;' a. state orauthorized tribe may speCify a certain number 
of events per year where the bacterio16gical criteria may be exceeded. 

If a state or authorized tribe adopts a high flow cutoff, it should address several questions: 

Will other uses of the water body continue to be protected even when the high 
flow ctttoffis triggered? 
What Is the nishltingvelocity d~1ring the high flow ~vents when the designated 
use wmlld not be protected?· 
Would the ve1moity dtir;h1g t1les¢ events preclude all recreational uses 
(iMludingkay~ki!lg) ·tlt'aftypicaily occur during high velocity flows? 
Do,the high flows· have a minim~l effect on the vei0city Of the flow, posing 
little or no. dl:l.nger to per~ oris .using .the waters for tecteatimt? 
For howJnarty,dfl;ys:wou.lq the. cutoff.apply and how was the length of time 
dete~irl.iued? 
Will the state or attthorized tr~beaqopt the cutoff as a dischatget-specific 
variance, or create recreational suboat'egorJes th~t conela:te to tli¢ cutoff? 
Has a 11seattainabiiity a:nalysfs sh6wntha:t additional controlswithiMhewater 
watershed would tesult in 'S~ibshmtial and widespread sdoia1 and eco:q.oinic 
il'npaot? · 
What effect would the high .flow catdffhave 011 implementing controls for all 
sources ofbacterialcontaminati~m to the watetbody (e.g., CSOs, stortn water, 
leaking septic systems,• feedlots1 tow crops, etc.)? 

Stat.es anci,authorizeMribe.s JmrW~ment,i11g such ahigh tlow cutoffs)jotildincludesciet1tifically 
valid.111ethoc1olO'gies ·r6r ma1hhillilrig.aiia protectiliglheprimaty &'orlta.ct teCfea.tioHai u~es wheirn.arilial 
flow retuins and for protecting downstream us·es. While EPA has n:ot developed a national policy on 
a high flow/velocity cutoff for bacteria and recreational uses similar to its 4B3/7Q10 low flow 
recommendations· for l:l-quatic life criteria (e.g., the flow that results in a four-day exc~edance of a 
chronic aquatic life criterion once every three years, which is approximately equal to the 7 Q 1 0, the 
lowest seven day flow that is likely to occur o11ce every ten years); EPA envisions a methodology that 
states and authorized tribes could apply on ~ site.:.specific ·basis using the waterbody channel and 
la11dscape characteristics. States a11d authorized trib,es couid also create a subcategory of the 
recreational uses to which the outoffvyould apply. S.inoeuse of a high flQw/velocity cutoff reduces 
the -level of protection for the waterbody; a use attainability analy$is would be· requited for each 
waterbody to which the high f1ow/ve1Qcity cutoffapplies. It would he particularly important to 
de1nonstrate that a conUJ1tP,1itycould not ('lffotd'a higher level of control (or, fot exa1nple, ~d~itional 
sto11n wa:ter or agricultural bestinanageinentptactices) without substantial and widespread sodiaJand 
·economic-impact. As-with other-changes-in -designated uses, the public-must have-an, opportunity-to 
comment on the proposed revision to. the water quality standard before a state or authorized tribe 
adopts and submits it to EPA for approval ordisapproval under CWA §303(c). 
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For states and authorized tribes using this approach, EPA encourages the development of a 
plan to communicate to the public the conditions under which recreation should not occur. For 
waterbodies that are known to be beaches or heavily used recreation areas, EPA encourages caution 
in adopting intermittent suspensions of the primary contact recreation use. If the state or authorized 
tribe finds after public comment that such a revision to water quality standards for a beach area is 
supported, EPA encourages beach managers to issue advisories during the cutoff conditions unless 
monitoring data are collected indicating it is .safe to recreate. EPA feels this is the most appropriate 
implementation measure for those waters heavily used for recreation since the adoption of such a 
cutoff presumes that, under the conditions specified by the state or authorized tribe, the bacteriological 
criteria will be exceeded and, thus, may present a pazard to swimmers. 

Further guidance on refining water quality standards specifically for combined sewer overflow 
receiving waterbodies is containedin the Coordinating CSO Long-Term Plam:zing With Water 
Quality Standards Reviews (USEPA, 2001). 

· 4.4.2 When is it be appropriate to adopt wildlife impacted recreation uses? 

States and authoriz~dtribesmay refmedesignated uses if it can be demonstrated that primary 
conta.ctrecreation is not an existing use andnatural sources preclude the attainment of water quality 
stan dar (is. Prior to exercising this option, a state or authorized tribe should gather data to address the 
following questions: · 

Is the waterbodypubliclyidentified, advertised, orotherwiseregularly 
used or known. by. the pu.blic as a beach or swimming area where 
primary contact recreation activities are encouraged tO occur? 

\Vhat is the existing-water quality? Jfit·.is·not··currentlymeeting the 
applicable recreational water:quality standards, do the exceedances 
occur on a seasonal basis, in response to rainfall events, or at other 
times due to other conditions or weather-related events? 

Is the primary contact recreation use attainable through the application 
ofeffl.uentlimitations underCWA §30f(b)(l)(A) and(B) and §306 or 
through cost effective and reasonable best management practices? 

What are the sources of fecal pollution within the waterbody? What 
are the relative contributions of these sources? 

The first two questions will assist the state or authorized tribe in determining whether or not 
primary contact recreation is an existing use. In answering these questions, both water quality and the 
§.S:tu§.ll1§~ 111§:t_4_~-~ 9_CC1JJJ~Q. ~il.lc:~N9Y~I:Q.Q~r_78, 197 5 _SAQl:l_l~_~e 92.!J:Sig~re_~· §e_e -~-Q .~!R 131.3_(~). 
Information provided by the public should be considered by the state or authorized tribe in making this 
determination. The state or authorized tribe should provide documentation of the waterbody's 
historical water quality, if available, and the use of the water body for recreation in support of its 
conclusion that primary contact recreation is not an existing use. 
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Secondly, the state or authorized tribe should detennine that n~tuxal sources, and not leaking 
s·eptic tanks or other anthropogenic sources, prevent attainniellt of water quality, standards. To 
ascertain whetherhatural sources are the .cause ofimpairtnent, .several tools are available. Sanit~ry 
surveys may be conducted to ideJ}tify the sources contributing to a waterbody. Recommemdations on 
conducting saniHiry surveys and additional references a11e cmitained at the begin11iug of section 4. 
Detection of detergents, dyes, 01; caffeine may indicate human sewage as the source offecal p.olh1tion. 
Knowledge ofland use patterns Within a watershed may also assist states a,nd authorized tribes in 
detei111ining the relative contributio11. sources of fecal co.ntamination within a watershed. llt addition, 
other analytical tools are becoming lhote coinmon in i4entifyingthe sotitpesoffecal d611ta:tnination. 
While Bacterial Source TrackiiJ,gwetl\ods such as ribo~phJ.gandA11tibic>tic R~sistance Analysis are 
becoming more common, such methods may be cost prohibitive for many states and authorized tribes 
to use on a large scale (See, f0r example, Dotnbeck et al., 2000; Hatwo.dd et al., 2000, Wiggins et al., 
1999). 

The results of the sanitary survey or other methods demonstrating that natural sources preylude 
attainment of primary contact recreation ::;bould ~e sufficient to conclude that primary contact 
reoreatioil. is ndt attainahl~ ll11der 40. CFR l3l.l O(g)(l ), Oil the grqtq,1ds that. naturally~occurring 
polh+tant ce>ncentratiortsprevent'tlie attai11111ent oftheuse. When removing a CW A §1 0 1( a) goal use 
or -adopting subc~teg6ries of those .us~~s~ under 40 ·CFR 131.10(g), states and ~uthor1zecl tribes are 
required to sul:Jmit an a:nabisis;d~menstratitig,'tli~t the use .is nqtJt11 existing use a:ndd11stifyingthe 
removal of that use based on on~ of the six reasons listed, in tlwt section. . When co:nten1plating 
revisions to water q~tality standaFdsoased upon impacts from natunil sources, EP Aencou:rages: ~tates 
and authoriz~dtribes to use scientifically defensible methods in their supporting analyses. BP A wi~l 
review this information as part of its review a11d action .on any revised water quality standards. EPA 
believes answ~i:ing the.questi.ons identifie4l:lbove shQuld assistthe state or autl:iorizedt~ibe in making 
a scientifically defens.ible det~mni:hation tbatnatural sources preclude att~imnentofthe priulary contact 
recreation use. 

Once the initial analysis has been completed, states and authorized tribes have several options 
for revising their recreatiortal water quality standards. A state or authorized tribe could pursue 
adoption of a wildlife i:tnpaded recreation use as a recreatiorial use subcategory, or, for waterbodies 
where water quality sufficient to support p:dmaty contact recreation is unattainable and location or 
bm.Yiers make recreation unlikely to occur, consider the adoption ofa secondary contact recreation 
use or removal of recreation uses. Establishing a wildlife impacted recreation use would be 
appropriate for waters where limited recreational activities may still occur. EPA recommends that 
states and authorized tribes wishing to adopt a wildlife impacted recreation use adopt a criterion 
reflecting the natural levels of bacteria and, because the specific risk to people recreating in these 
waters is unknown, develop a plan to conunurticate to the public the potential risk of recreating in 
waters designatedwith this use. This ooi1imlll1ication ootildincludepubiic ammuncementsor sign 
posting along the waterhqdy. 1deal1y, the state ot authorized tribe should have inoriitoring aticilor 
·m.odeling datathat-would,assist in identifying the natural-levels ofindicator orgm1isms •. ·B eoausesuch 
contributions are often correlated with rainfall events, the state or authorized tribe should consider 
the level of bacterial indicators present during dry and wet weather as well as any other spatial or 
temporal variability to assist in the establishment of art appropriate criterion. EPA envisions that a 
wildlife impacted recreation use category would provide greatetprotection than a secondary contact 
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recreation use. However, wildlife sources offecal contamination may still present so:r:rie additional 
risk to recreators. Therefore, if the state or authorized tribe is adopting a less stringent criterion, the 
increment of change. should correspond only to the estimated amount of the bacteria that is present due 
to natural sources. 

\Vhere it is shown that primary contact recreation is not an existing use and that the waterbody 
is significantly impacted by wildlife contamination, states and authorized tribes may adopt a 
secondary contact recreation use or remove the recreational use altogether. In determining whether 
recreation is an existing use, states and authorized tribes should consider the location of the waterbody 
and any barriers that may exist that would preclude the use of the waterbody for primary contact 
recreation. See section 4.5 for a discussion ofsecondary contact recreation uses and criteria. 

Other water quality standards approaches beyond those described here may also be 
appropriate. EPA will~ work with states and authorized tribes interested in developing such 
approaches to assure they rneet the requirements· of the Clean· Water Act and federal r~gulations. 
Regardless of the option astate.or authbrizedtribe pursues, EPA emphasizes the importance of public 
participation in revising its water quality standards. · ·· · 

Use ofthis approach can provide states aJ1d ~uthorizedtribes with the means to acknowledge 
the type offecalpollution that e~ist~ and its potential risk to recreator~. Concemhas been expressed 
that the use of this approach mayprovideexistingNPDESpermitteddischargets with relaxed effluent 
limitations. In the case where a discharger has awaterqua1itybased.efflmmtlimitation{WQBEL) for 
bacteriological criteria, it would not be eligible for less stringent·effluent limitations unless an 
antidegradationanalysis Was perfomiedcorisistentwith thefederaHnd state (ortribal)regulations. 
See. 40 CFR 131 J 2. Jn addition, an aria~ysis shou1dhe perfortiJ.ed a:s part of the development ofthe 
WQBEL that consid.ers the receiving.waterbody's w.ater qu11clityand tb.determi~e whether ofthe 
disch<:u:ge)ias t~e res'?11able pote11tialto c~use or contribute to the exteedance of applicable water 
quality st~ndards.· See 4D CFR l22.44(d). · · · · · · · · · ·· · · · ···· · 

4.5 What is EPA's policy regarding secondary contact recreation uses? 

While recreational waters have been designated by states. and authorized tribes for primary 
contact recreation to protect people engaged in recreational activities, there are some waters where 
a secondary contact recreation use with less stringent water quality criterionmay be more appropriate. 
Activities that constitute secondary contact recreation include those in which contact and immersion 
with the water is unlikely. States and authorized tribes may justify the adoption of a secondary contact 
recreation use through a use attainability analysis. See 40 CFR 131.1 O(g). Subject to the provisions 
of 40 CFI( 131.10, a s~condary contac::t recreation use may be applicable to waters that are, for 
example, impacted byhuman caused conditions that cannot be remedied, or where meeting the criteria 

·-associated with the primary contactrecreationuse-wouldresult-in substantial and-widespreadsocial 
and economic impact. 
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4.5.1. When js it appropriate to designate a secondary recreation use? 

EPA considers waters designated for primary contact recreation and waters designated for 
secondary contact recreation with bacteriological water quality criteria sufficient to support primary 
contact recreation to be consistent with the CWA § lOl(a) goal uses. States and authorized tribes may 
designate other reci·eationuses after demonstrating that primary contact recreatio11 is not an existing 
use m'id the water quality necessary to support the use is not attainable based on chemical, physical, 
and biological analyses, as well as economic qonsidetattons. See40 GFR 131.10(g). Any adoption 
of a secoildary oolitact r('}creation \lS¢ with less stringelit water quality criteria than required for 
pi'irnary cohtact recreation or the removal of i·ecreation ttsesrequires the state or authorized tribe to 
submit appropriate justificationcforthe change in designated tise··tci EBA forreview and approval. See 
40 CFR 131.10(j). Also, see section 4.5.3 for EPA's recommended water quality criteria for 
seoonda'ry contact recreation uses. 

Where a primary contact recreation use and the water quality nec.essary to support the use is 
not attainabl(:} andprimaty contact recreation is not au existing use, the state. or authorized tribe should 
evaluate whether the other subcategories df recreation described in the previous sections are 
appropriate. If not, a secondary cont~ct recteationuse with less stringent water quality criteria may 
be appropriate. An example wo?ldbe:a'simation where flowing.orpooledwater is n0t pre§ent within 
a waterbody during the·months when primacy contact recreatiouwould other-wise ta:ke,place and the 
waterbody is not iii close ptoxhp;Lty to residential areas, thereby indicating that prhilary c01itact 
recreation is not likely to be an existing use. Ifit can also be demonstrated that namral; .ephemeral, 
interinittent, or low flow conditions or water levels prevent attainrtient of the primary contact 
recreation use, a secondary conta:ctrecreation use may be·appt0ptiate. Another exaniple would be 
a discharger that may notbe a(bleto meet ltmits necessary to protect the primary contactrecreation use 
without ca"[Jsirig sub~tantial and -w;id~spread soCial and economic impact, but can m~~t lituits .that 
would assure protection Of a secoildatyoontact recreation us~. Th~se-derliortstrationswould fulfill 
the requirements of and address one. of the six conClitioris contidned 1l140 CPR 131. {O(g) justifying 
the removal of a designated use. In addition, as discussed in se'ction 4.4.2, designating a secondary 
contact recreation use may also be appropriate where primary contact recreation is not an existing use 
and high levels of natural and uncontrollable fecal pollution exist. 

4.5.2 What information should be contained in a use attainability analysis to remove a 
primary contact recreation use? 

States and authorized tribes should consult EPA guidance (USEP A, 199 5; USEP A, 1994) for 
general guidelines on conducting use attainability analyses for recreation uses. The likely components 
of a use attainability analysis for recreation uses may includ~: 

physical analyses consid'eringthe actuatuse, public access to the waterbody, 
facilities promoting the use ofrecreatiou, proximity to residential areas, safety 
considerations, and substrate, depth, width, etc. of a waterbody; 
chemical analyses of existing water quality; 
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potential for water quality improvements including an assessment of n~trients 
and bacteriological contaminants; and · 
economic/affordability analyses. .. . 

(See also sections 4.4.1 for changes to recreation uses for waterbodies impacted by 
bacteria associated with high flow conditions and 4.4.2 for waterbodies impacted by 
non-human sources.) 

On the subject of physical analyses, EPA has previously stated that~ "Physical factors, which 
are importi:mt in determining attainability of aquatic life uses, may not be used as the basis for not 
designating a recreational use consistent with the CW A section 101 ( a)(2) goal" (USEP A, 1994). ·EPA 
continues to believe that physical factors .alone would not be sufficient justification for removing or 
failing to designate a primary contact recreation use. EPA's suggested approach to the recreational 
use issue is for states and authorized tribes to look atasuite offactors such as .whether the waterbody 
is actually bei~g used for primary contact recreation, existing water quality,water quality potential, 
access, recreational facilities, Jocation, safety considerations, and physical .conditions of the 
waterbody in making any use attainability decision, Any one ofthese factors, alone, may riot )Je 
sufficient to conclude that designation of the use is not warranted. · · 

EPA continues to believethatdown~aclingor removingrecreational uses due only to physical 
conditions is imippfopriatewhenitis othern;isefeasibleto ~eet wdter qua/ity~temdards, However, 
whe~consideted with otherdata cp1lected for a use attainability analysis, there are afewinst~mces; 
where physical consideratiop.s I!l·ay play an impprtant role in informing a state or. authoriz~d tribe~s 
deCisiontorefine·a.re;qeationusearic1,i!iparticul(l~;indetenniningw~ether.ornotpriinacycontact 
recreation is art existing use. This rriay incl~d¢.awaterboqy where access is prevented by fenciri,g or.r 
in an ~1rban waterbodythat als.o ;.s~rve;s a.s a shipping port qr has Qlose proximity to sh~pping 1aD,es., · 
It rnay also include wate,rbodies Where.primary QOntacJ recreation is. not an. existi~g;Use, it,can be 
qe~o?strate;dthat po\\'ipgoJ: pos1edwaterjs ·~ofpr~s.~nt ,dl.lfingt!le·.·. rri,shtns."Wlien~ecreatimi.w?l1ld 
othb-vvise taM~ place, an.Cithatthe witerbodyfs notil1 closeproximitJ to. residential areas. IIi instance's 
such as these, the physical attributes help to ensure primary recreation does not and willnot occur in 
these waterbodies. 

EPA understands that substantial and widespread social and economic impacts are often 
detennining factors in assessing whether or not the priinary contact recreation use andwater quality 
to support the use can be met. EPA has published guidance to assist states and authorized tribes in 
considering economic impacts when adopting water quality standards (USEPA, 1995). The cost of 
placing.additionalcontrol measures on sources of fecal contamination are often cited as the reason 
a water caimot attain the primary contact recreation use and the associated water quality criteria in 
all waters at all times. In the use attainability analysis process, the federal regulation at 40 CFR 
131.1 Q(g) lists the factor~ that!Ilay b~ used to d~monstratethat a primary contact recreation use cannot 
be met; these factors include substantial and widespread social and economic impact, and natural 

· · conditions~ ·EPAreminds~theTeaderthat-water-q_uality criteria ·are ·derived·to address the-effects of 
pollution concentrations on the environmentand human health. As such, water quality criteria do not 
reflect consideration of economic impacts or the technological feasibility of meeting the ambient 
criterion concentration in the waterbodies, while under the federal regulation, the setting of designated 
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uses (and the associated protective criteria) may take into account social and economic consider
ations. See 40 CPR 131.10(g). 

4.5.3 What water quality criteria should be applied to waters designated for secondary 
contact recreation? 

Forwaterbodies whe1·e a state or authorized tribe demonstrates through a use attainability 
analysis thatrerrioving a primary contact recrl;lation lise is justified, adoption of a recreation use and 
water quality criteria to · ptotect se66J1dary· contact activities 1,1,1_ay .b~ appropriate, EPA defhies 
secondary contact activities as those activities Whei'e most participants wPuld have very little direct 
contact with the water and whC}re ingestioil. of wa;teds unlikely. SecOndary contact activities may 
include wading, canoeing, tnotorhoating, fishhig, etc, Many states atid'a:i.lthorized ttil:Jes have adopted 
sedmidaiy OQ'ritact·recrea:tibh uses fqr waterbpdies. States ·and a,uthori~ea tribes·with bacteriological 
water quality·criteria b~sed On fecal colifonns have generally}HfOpted a secondary .contact water 
.qualitY cdterion of 1000 cfu/TOOmlgeot.tietJ:'ic mean, Which is five times the geo111etric tfiy~n value 
used by many states a.rid authorized tribes to pr9t~ct prim~ry contact recreation. This water quality 
criteritm has be.en applied to secondary contact uses and to seasonal recreationuses during the months 
of the year. not associated with pr~n1,ary recreatioil:. The A~tbi~nt Wetter Quality' Criteria for 
Bactert.a-1986 recommending E. coli and enteroo.occi as indicators did liot:tecommentl.~water quality 
criteria for recreation uses other than p~imary contact recreation. States and authorized tribes have 
cited this as one reason why theY have not adopted EPA's recommended water quality criteria. 

. During the development of this guidance document, EPA explored the . feasipility: of 
scientifically deriving criteria for seeortdaty contact water::; a1;1d found it infeMible for several 
teasons, In reviewing the data genetat.edinthe epid~micilogicaFsfudies oqnductedby EP.A that fotrned 
the basis for its 1986 critetiatecotiilllehcl.ations; B~A foundtlJ.atthe~e. datawouldbeUDSUitable for 
the'de'velopment of a secondary Gontatt criterion. The exposure data collected were associated with 
swhth11ing~related activities involving immersion. Secondary contact recreation activities generally 
do ~1ot involve immersion in the water, l1n1ess it is incidental (e.g., slipping and falling into the water 
or water being inadvertently splashed in the face). While the main illness likely to be contracted 
during prhnary contact recreation is gasttointestiil:!d illness, illnes~es contracted from secondary 
contact recreation activities nray just as likely be diseases and conditions affecting the eye, ear, skin, 
and upper respiratory 'tract. Becl:J.Use ofthe differet1t exposure scenarios and the different exposure 
routes that are likely to occur under the two different types of uses, E:P A is unable to derive a national 
criterion for secondary contact recreation based upon existing data. 

De~pite the lack of information necessary to develop a ri~k -based secondary contact recreation 
criterion, EPA believes thl:J.t wat~rs designated for secondary contact recreation should al~o have in 
place an accompanying numeric criteri9n. · Protecting waters designated for. secondary contact 
recreation-with -a numeric criterion for bacteria provides-thebasis forthe development·of·effluent 
limitations and, where applicable, the implementation bf best management practices. Such an 
approach also provides a mechanism to assure that downstream uses are protected and, where adopted 
as part of a seasonal recreation use, help to assure that the primary contact recreation use is not 
precluded during the recreation season. Adoption of a numeric criterion is a straightforward 
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approach, transparent to the public, .and consistent with historical practices. In pursuing this approach, 
states and authorized tribes may wish to adopt a criterion five times that of the geometric mean 
component of the criterion adopted toprotect primary contact recreation, similar to theapproach states 
and authorized tribes have used historically in the adoption a secondary c.ontact criterion for fecal 
coliforms. In evaluating attainment with this criterion, states and authorized tribes may wish to 
calculate geometric mean values based on samples taken over a 30 day period or on a seasonal or 
annual basis. Another approach would be the adoption of numeric criterion as a maximum value 
protective of the secondary contact recreation use. EPA feels that this would also. be an appropriate 
approach, particularly for states and authorized tribes that are unable to collect sufficientmonitoring 
data to calculate a geometric mean value. A narrative criterion along with implementation procedures 
may also form the basis for these measures. States and authorized tribes may also pursue an alte:p1ate 
approach to theprotection of secondary contact recreation waters, and EPA will work with the state 
or authorized tribe to ensure the approach is protective of the designated use and meets the above 
objectives. · 

4;5.4 Will EPApublisb risk-based water quality criteria to protect for ".secondary 
contact'' uses? 

'EPA's Ainbi~ntWa_t~r QU;alityCriteriafor Eacteria-'-1986 are designed to protectthe public 
from gastroil1testinalillhesses associated.with accidentalingestion of water: EPA bas notdeveloped 
any water quality criteria for secondary contact recreation to protectfor other hun1an bealth.,based 
risks. Such ·additional water ql!a:lity criteria could conceivably be ba:s.ed Oflthe effects of 4~rmal 
contact, such asrashes:or otherminorskinirritaJions or infections, and inhalationofwater: As p<:J.rt 
ofEP A ~s requireJJ:lelits1l1ldertl1eBEACHA~tamendnJ.~nts a~dcommitme11ts.madein itS:B~achActioJ1 
Plan, BP Aintendsto gatheradditi9I1aldata and investigate the. development of water qualitycriteria 
fortrans111i~sion oforgaJ1ism~ihatcause skiJ.l, eye, ear, nose, respiratol)'iil11ess, orthro~ti!lf~ctiqns. 
Someeleri:ients· ofsuchfuture water'.quality cilteria maypotentially'beapplidbie'tosecol1dary contaCt 
uses. 
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Table 4.1 \Reci·eation Uses, iCr:iteria, and ;Supporting Analyses 

Prinuoy Contact Recreation 

Identified/Popular Beach 
Areas 

Other Primary Contact 
Recreation Waters 

Seasonal Recreation Use 

Criteria based on risk levels of 8 or 
f(lwet• illnesses/! 000 swimmers 
. (fresh waters) ~nd 19 or fewer 
illnr;:sses/1 000 swhniners (marine 
watersr 

Cl'it~da based on risk lc;:velnot 
greatet• than 14 illnesses/! ooo 
swim111e~s (fresh Waters) and not 
giiatei' than.l9 iilrtess/1 000 swim
mers (marine waters). 

Primary contact recreation criteria 
apply cluriilg spe.cified .recreational 
season; s&cbiiciacy. contact recre
~tion criteria ~pplytest of year. 

Recreational .Use Subca~egories 

Exceptions for High Flow 
Events 

Wildlife Impacted Recre
ation 

E~ceptionto criteria at high flows 
¢n a w~tetbody-bY~waterbody basis 
hased ori floW statist.ic or number 
of exc~edintc·es. allowecl. 

• 1 ' • • • • • 

Ci.titeriato refl()ct the natural levels 
ofbacteriawhli~.1Jrovicling greater 
prote¢ti6ntliancrlt¢ria adopted to 
protect a seCondary contact rec
reation use. 

Other Categories of Recreation 

Secondary Contact 
Recreation 

Criteria sufficient to protect the 
use. May use numeric criterion 
protective of secondary contact 
recreation( suggest specifying cri
terion expressed as maxhnum value 
or criterion exptessed as geomet
ric mean five tb:nes primary contact 
recreation geometric mean value) 

·· -orrilrrrative ctiterion. 

Srtpporting Analysis 

None. 

None. 

Infonnation explaining choice ofrec
refltion $eason'(e.g., water & air tem
peratures, timeofuse, etc.). 

' USe AttahiabiUty Analysis co~sistent 
with 49 QFR 131.10(g); d~tl'ionstra": 
tion that prhriaty contact tecreatio11 is 
not ·ari existing use. 

lJ~e Attaitj~biltty 1\rta~y~js,consist~nt 
vvith 4tl CF'R fj 1; fO(gy ~nd data defu
ons:tiatingwildHfe poii'ttibute~ a sig~ 
nificant portion of fecal contamin
ation; demonstration that primary 
contact recreation is not an existing 
use. 

Use Attainability Analysis consistent 
with 40 CFR 131.1 O(g); demonstra
tion that primary contact recreation is 
not an existing use. 
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5. Implementation ofEPA'sAmbient Water Quality Criteriafor Bacteria -1986 in State 
and Authorized Tribal Water Quality Programs 

5.1 What is EPA's recommended approach for states and authorized tribes making the 
transition from fecal coliforms to E. coli and/or enterococcl? 

EPA recognizes that states and authorized tribes that have yet to adopt EPA's recommended 
1986 water quality criteria for bacteria may be concerned about how to ensure consistencyand 
continuity within their regulatory programs. Specifically, states and authorized tribes mayhave 
concerns about making regulatory decisions during this transition period while an adequate monitoring 
database is being established. To facilitate this period of transition, states and authorized tribes m~y 
include both fecal colifarms.and E.. coli/ enterococci in their water quality standards for the protection 
of designated recreational waters fora limited period oftime, generally one triennial review cycle. 
The dual sets of applicable criteria will enable r~gulatory decisions and actions to continue while 
collecting data for the newly adopted E. coli or .enterococci criteria .. For states and authorized tribes · 
choosing this approach, EPA expects that during this limited periodoftime, .states an<i authorized 
tribes willbe actively collecting data onE. coli and/or enterococci and working to incorporate E. coli 
and! or enterococci water quality criteriaintotheit water quality programs, e.g~, NationalPolhitant 
Discharge Elimination System (NPDES), 3Q5(~), and303'(d) programs. Alterp.ativ~ly, states and 
authorized tribes may elect to C()l1Currentlyadopt a delaye4 effective date to allowfmti!Ile iri which 
to collect data onthen~wly adopted· criteria; Withthese options available, lack ofdata should.not 
delay states' and a:uthorized tribes'.adopti()n ofE. coli.and!orenterococci. Dnce.E. coli and/or 
entero~o~9i are adopt~d into state or. tribal wat~r q-uaJity ·standards, EPA encourages .states and 
authorizedtribestorewovethe.fecal colifonncritetiO!l as itappliesto recreational waters dtiring its 
next·triennialre:view;··s.ince retainingthe·fec~i poliforin crit~rion fo:r recreational waters may result 
in additional :permitting and monitoripg requinm;tents. , 

,';··-

Attainment of water quality criteria for bacteriaisa critical component of enspring assessing 
the attainment ofprirq.ary contact recreati.bri uses. Once adopteci as waterqualjty stand'!-rds by states, 
authorized tribes, or .EPA, .these water.qua1ity criteria-forrn the basis for water qmility program 
actions, both regulatory and non-regulatory. For exalTJ,ple, water quality criteria are used in 
establishing NPDES water quality-based effhientlimitations (WQBELs), listing impaired water~ 
under section 303(d), and beach monitoring and advisory programs. How the adopted .criteria will 
be used in these d.ifferentpro grams should be clearly e)l_plained in states; and authorized tribes' water 
quality standards or supporting implementation documents. 

EPA recommends that states and authorized tribes adopt water quality criteria for bacteria 
containing both the geometric mean andsingle sample maximum components and use both components 
when ~ssessing and determining attainment of waters designated for primary contact recreation. With 
regard to interpreting the geometric mean component of the criteria, there has been a common 

-'m1sconcep-fion ofhow water quaJity data slioulcfoe usedtoaeteirninewlietli~:iarnotawateroodylias 
attained the applicable geometric mean value. Some states and authorized tribes have mistakenly 
interpreted the water quality criteria as requiring a minimum number of samples in order to determine 
the attainment of the geometric mean component of the water quality criteria. The confusion may have 
arisen because the water quality criteria recommend a monitoring frequency of five samples taken 
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over a 30~day period .. T}1e.r~oo1)1.Ii1en!iatiGl¥ dQ~.s not intend to imply that .five Sa"/11ples are neeged 
before a.' geom~trio m.ean c~n be calculated. The minimum number Of samp~~s used in the 1986 water 
cp.Jality criteriaf()r bacteria is for accuracy purposes only; clearly, more frequent sampling yields more 
accurate results,whet} determin,ing the geometJ,"ic mean. Ftu·ther, in some h1stmJ.oes averaging peri9ds 
greater than 30.days may be ?-ppropriate; Unless spe~ified otherwise il~ a state or atitho:dzed tribe's 
water quality standards or assessment methodology, the geometric .mean should be calculated based 
on the totql number ofsantples collected·0Ver the. specifiect monitorh~g period in conjunction with 
a single san1ple maX.iii.ium to cletf:lnnine attaim.ment of.the ntm-l.edc Water quaHty criteria ( e,g,, CWA 
§303(d) listingfol' fresh and madne waters), regardless of the number of samples coll¢cted. This 
intei'p.tetation enc<Yqrag~s the .collection and l.rse of da,1a and iswhafhas alw~ys been inte:hq~d. EPA 
notes that this interpretation wa.s used by the Agency wl;leil promulgath~g water quality standards for 
the ColVille C61ifedef.ated tribes (40 CFR 131.35). · 

5.2 :a ow sJw:~tJdstates a~d au~horii¢d, tdbes implement water q-u.ality criteria for bacteria in 
theiJ? N£PES permitting .prpgrams~? 

' I • ' •'' ., 

Stat~s attdauth0rizedtribes hatedispr¢tion inhow NPDBS water quality~basedeff1uentlhnits 
for bacteria ai'~ sp~pi\fied,. The folloWii'~g secticms describe how l1tnitsmay be established by the 
pern!.Hting authority for . diffe~eilt discharge types and consistent with the applicable federal 
requirements. . Two scenarios .. are discussed: fi~'st, the period ·of time durihg :wliidh. states and 
authorized tr.ibes are making the transition from fecal. colifotin criteria to E. 'coli or eriter,dcocci 
criteria, ancl secoild, .deve1qpin.g limits cnwe the E. coli/enteroc,ooci criteria have been·estab,lished in 
state aitd tribal water quality standards. 

5.2.1 
* 

Whi!e tr.a,ll~itio.ni~~from fec~l¢olifo.nns to e. czoli::tnd/orenterococd~ how should 
st~tes·anda~t.b~riied td~esjmpielllentwater qpalitycriteria for bacteria in their 
NPDES, p~ermi.tiing progra.rns? 

If a state or authorized tribe choo~es to retain its fecal colifqrm criterion during a transitional 
period after adoption of E. coli and/ot enterococci as water quality criterial any new or reissued 
pemiits would need to contain water quality-based effluent limits, as·appropriate and unless specified 
otherwise in a state or au,thorized tribe's water quality stal'J.dards, re:t1ecti1ig both m:iteria to be 
consistent with the federal requirel:nent at 40 CPR 122.44( d)(l )(i). this provision~ requires water 
qtiality-based permits containing limits ftYr those pollutants (including all bacterial pollutants) the 
permitting alithority deteli:irines are or may be discha!ged at a level which will cause, have reasonable 
potential to cause, or contribute to an excc:edan6c: of any applicable water quality sta11dard. In 'this 
case, the existence of "reasonable potential" for fecal colifonus.woulclalso indicate the existence of 

8Pursuant to section 518( e) of the CW A; EPA is authorized to treat an Indian tribe in the same manner as 
a state for the.purposes of administering a NPDES program. 4'0 CFR 123.31-121.34 establishes the procedures 
and criteria by which the Agency makes such a deterinination. At this time, several tribes are in the process of 
requesting program authorization; however, to date no tribe has been granted authorization to administer an NPDES 
program. 

45 



Public Review Draft May 2002 

reasonable potential for any other criterion for ba.cteria adopted by the state or authorized tribe. In 
most cases, wastewater treatment plants that have us.ed secondary and tertiary treatment for fecal 
coliforms should find that this treatment also adequately addresses E. coli and enterococci (Miescier 
and Cabelli, 1982). However, wastewater treatment plants chlorinating their effluent may find 
enterococci more resistant to chlorination than fecal coliforms or E. coli (Oregon Association of 
Clean Water Agencies, 1993; Miescier and Cabelli, 1982). 

5.2.2 Once E. coli and/or enterococci have been adopted by states and authoriz~d 
tribes, how should the water quality criteria for bacteria be implemented in 
NPDES permits ? . . 

Many states and authorized tribes have raised concerns regarding how state and tribal water 
quality standards based on EPA's 1986 water qualitycriteria for bacteria should be. implemented 
through NPD ES permits. Under the Clean Water .Actandthe implementing federal regulations, states 
and authorized tribes have flexibility in howthey.translatewater quality standards into NPDES permit 
limits to ensure attainment of designated uses. In implementing state arid tribal water quality standards 
that include :both the .geometric. mean and single sample maximum components, there are multiple 
acceptableapproaches. EPA reC011llJJ.~nds; but :vyould not requite,that st~tesandauthori~ed tribes use 
orilythe·g~o~etricmean cornp~neritfor.NPJ?f:$.-w~ter quality-based effll1entlimits~ L}lteinativ~ly, 
states .. anci.authorized tribes cql.llduse_.both the·.··ge()l1letiic mean and_ single sample maxim1ll;nin the 
devdopmen:t ofNPDES water qua,Iit):~based effluentlimits; or the sillgle sample maximum value 
expr~ssedas a daily average li!llit for N1?D~S water quality-based effluent limit~ .. The J\gen~y is 
aware that states· have taken different appr6a9hes in .deriving WQ:ElELs for bacteria to ensure the 
ambicmt water quality criteriaar:emet. ··}<ore~ample, many states.ap.plythe ambienLWaterqua.lity 
criteria for bacteria directly to the discharge with ho al16wance for in-streai!l mixing.(tl,lis is often 
referre~ t9 a?. '~criteria e11d-.of~pipe");. _Alte~a,tiyely; sorile. states proyi~e mixing zones for 9a,ct~riCl. 
and derive permit limits that account for in~stie,Clmdilution,. EPA ha,s alsostatedthatfor certaintypes' 
of regulated discharges (e.g;, municipal separate. stdnn sewer systems [MS4s] and concentrated 
animal feeding operations [CAFQs ]), the mo~tappJ:opriate permitr~quil'en:e11ts may be n6n-n11meric 
effluent limitations express~<i in the fqr:rpofbest ma11agement practices(BMPs). The underlying 
principle, however, is that which ever approach is selected, thepermittirig authority must determine. 
that permit li1nits and requirements derive from and comply with appJicable water quality standards. 
See 40 CFR 122.44(d)(l)(vii)(A) .. 

In determining a discharger's compliance with any effluent limitation, the federal regulation 
requires that monitori11g for any pollutant should never occur less than once per year. Further, 
monitoring requirements should be established c·ase-by-case based on the nature of the effluent. See 
40 CFR 122.44(i)(2). .More frequent sampling may be appropriate if the discharge is in close · 
proximity to beach areas or known recreation areas. 

With respect to determining whether WQBELs for bacteria are needed for a specific 
discharge, the Agency expects permitting authorities to use the same approach that applies to other 
pollutants. Thus, the permitting authority must include a WQBEL in the NPDES permit for a 
discharger if it determines that a pollutant (including all bacteria pollutants) is or may be discharged 
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at a level which will cause, havere·asonable pdt~:o:tial to cause, or,contribute ,to an exceedance of any 
state dt• tribal water quality standard: 8e~48 CFR l22.44(d)(1 )(i). Wl1t:~i1 a state or authorizedtribe 
a~opts, and EPA approVes, new waterquaHty criteri~ for E. coli ahd/or enterococCi, the permitting 
authority (inmost qases, the state) 111ustini.mediately beghi. irnplymenthtg these criteria tlll:ot1gh limits 
incorporated hJJO a~\y new orreissued NPPES permit, unless the state or tribal water quality standards 
authorize another approach. Additionally, ifthe state or authorized tribe chooses to retah1 an existing 
water quality criterion for fecal coliforms, tl)e pem1itting al,lthority must continue to implement this 
criterion in the forin of a WQBEL as well, llllless otherwise specified in the state or tribal water 
qllality standa:rclS; Iii some cas~s wbete a dischai·ge is released b1to a wa:terbody designated for both 

. recreatiorr a11d shellfishing, even after rernovalofthe fecal colifprm critei'ion fotxe.g;reation, the permit 
will likely continue to colitahi effluent limitations for both parainet~rs since the fecal coliform 
criterion will continue to apply to waters desig~lated for shellfishing. 

Following state or tribal adopti.on and EPA approval of w~ter quality criteria for E. coli 
and/or enJeroco:cci, the Ag~ncy do~s ;not believe tl,la.t peiTl'litti.ng a,1;1thorities will typic~lly neecl to 
reopen extstingp~J:mits pdor tP the,ir yXpiration dates. to ineorporate WQ:BELs h').sed on the newly
adoptedwat~x quality ¢dte,tia, .. Iriste&d tM Agency expects that existing WQl3ELs for fecal colifonns 
will cohtitiue to be ~nforced tbrougli t~e·.existiltg pern1it' s term, and thatpermitthigauthotities will 
incorporate WQ:B'ELs based on newly aCiopted water qitality crite,da (cis 1,1eecled) at the tiwe, ofpennit 
reisstntnce. 

5.2.3 How d,o the antibacksliding requirements apply to NPDES permits with effluent 
li.mits for ·bacteda:? ' . . 

Dischargers .that previously hC~;d NPD:ES wate,r qua.litY-'base,d effluent limits for fecal 
colifonns, _and sup$equently ha,ve, wat.et CJ:ba1itJ"'basedeff1uentlirnltS based on.a state 9rauthorized 
trihe1s newly adopted :E. cal{and!o:r'eriler6t6cd critei!a shouid also be aware of~eder~ll NPDES 
''antibacksliding" provisions. The CWA a~d hnplenJ.enting NPbES federal regulations contain 
specific resttic,tionson when an,existing WQB}SL li1aybe rerhoveqorreplaced with ~lyss stringent 
effllJent limitation in a reissued NPbES permit. See CW A sec#on402( o ); 40 CFR 122.44(1). When 
a state or authorized tribe replaces a fecal coliforih criterion with water quality criteria for E. coli 
and/or enterococci, that replacement wiH not g~nerally result in less stringent effluent limits in the 
permit (i.e., replacing .a 200 cfu/1 00 ml fecal colifot111-criterion with an E. coli criterion of 126 
cfu/1 00 ml or an enterococci criterion of33 cfu/100 ml for fresh water or 35 cfu/100 ml enterococci 
criterion for marine water). In other words, if all other factors are unchanged, EPA expects that the 
WQBEL(s) based on the newly adopted water quality criteria for bacteria (for E. coli and/or 
enterococci), while perhaps expressed in a differei).t form, will not be less stringent than the previous 
WQBEL (for fecalpoliform) andthat, therefore, the backsliding prohibitions in section 402 of the 
CW A and its implementing regulations will not apply. 

If a state or authorized tribe chooses to adopt E. coli br enterococci water quality criteria 
greater than, for fresh waters, an E. coli criterion of 126 cfu/1 OO.ml or an enterococci criterion of33 
cfu/1 00 ml or, for marine waters, an enterococci criterion of 35 cfu/1 00 ml (generally occurring 
through the adoption of a subcategory of primary contact recreation use, other recreational 
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Sl1bcategories, or secondary contact recreation use), the antibacksliding elements of the CW A and . 
federal regulations would apply. IB these instances, the CW A and federal regulations would allow 
for ba9ksliding in some circumstances as described below. EPA has consistently interpreted section 
402(o)(l) ofthe CWA to allowrelaxationofWQBELs iftherequirements ofCWA section 303(d)(4) 
are met. (While CW A §402( o )(2) allows· for backsliding to occur when new information is present, 
revised water quality standards regulations do not constitute "new information" under this provision.) 

Section 303(d)(4)has two parts: paragraph (A) which applies to "non-attainmentwaters" and 
paragraph (B) which applies to "attainment waters." · 

• N on-attainmentw:ater~Section303 (d)( 4)(A) allows the establishillent ofless 
stringent WQBELsforwaters identified under CWA §303(d)(1)(A) as not 
meeting applicable water quality standards (i.e~, a ~'nonattairimentwater"), if . 
two conditions are met. First, the existing WQBEL must be based on a total 
maximum daily load (TMDL) or other wasteload allocation: .. Second, 
relaxation ofa WQBEI,is only allowed.if attainment of water quality standard~ 
willhe assure\f. · · · ' · .. · · . ·· · · 

Attainment water-..:sect1on 303( d)( 4)(13) applies to waters where the water 
quality equals or ex~eedsl~vdsnecessary toprotect th¢ designated use, or to 
oth~rWisemeet applic@l~iraterqualitystandiu'ds(i:e.,·an ''attainment water''). 
U11der sectiqil303(d}(4)(13.), WQBE:Ls may onlyhereHtxedwherethe'action 
is consistent with the estate or authorized tribe's antidegtadationpolicy; 

It is important to note that these exce:Pti6J1S to the prohibition on anfibackslidirig as'aresultofa·change 
to 'Vater quality standardsate.onlyapplica,qletopermitswith water.quality"'based·.effll1eBtlimitatiqn§~,, 
They are not applicable to relaxliihita;tions based on technology:. based .treatment standards fortll.e 
polllJ;!;~ts at issue. · · 
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5.3 How should state and tvib~l wMe:r quality pl'ograms monitor and make attainment 
deCisions fo:r the Water quality criteria for bacteria in recreational waters? 

Monit'oring protocols and assessment ~ethodologies for recreational waters may differ 
depending upon the location of the waterbody, level ofusy,and progta:t1Hesouroes. The following 
sections desorib.e approj:n'iat¢ approaches in the development a-nd in\plementation of state and tribal 
monitoring and assessment p1·ograms for bacteria. Specifically, sectionS .3 .1 provides recommenda
tion$ a};>plicable to the period during·which a state cir authotized tribe may be transitionh).g from fec~l 
colifornis to E. coli or enterococci. SectionS .3 ,2 focuses on general recom111endations and examples 
for evaluating monitoring data, assessing water quality ,.a11d determining attainment of water quality 
standards. 

5.3.1 Whil~.transition:in:gfrom fecalco).iforms to E. coti a:nd/or enterococci, how should 
sta.tes. arid autho:riZe·d ttib~s monitor and mal\e ·attainment decisions for their 
water quality criteria for bacteria? 

One¢ a stat$-or authotizeci tribe has adopted$; cQli and/ or ehterocmcdinto its water quality 
standards and EPA' has appfov~d the :1.1ew standards, st~tes' aiili authorized tribes should not delay 
listing water bodies rdr exo~edartc'es 9fwater quality criteria for bact~ria where historical data 
(whethet forfecaLooliforms or for .. th~ n~W'lY adopted criteda).'iildicate an impairment. Further, 
current Ag~hey gtiidanc·e and p6licy rej'eottheiibtforttha_tstat¢s $-hd ailtliol:ize"d tribes can avoid listing 
waters it1 antidpaJion of a chang~ to a state or authorized tribe's :w-at~r quality standards. Thus, if a 
state or authorize<:! tribe ·has fec~:l colifbt1n·data thatimH-cate a.partiotJlarwaterbody is not aiitainfug 
the applicable Water qtiality standards, the Waterbody should still be listed even if;the state:·or 
authorized tribe anticip,ates replacing its fecalcolifotir1 criteria -With E. coli-dr enterpcdcci in the near 
future. -. · 

For waterbodies previously listed under section 303(d) for not attaining water quality 
standards :for fecal co lifoli:ns, EP Arecontmends that the waterbody continue to be included in the state 
or atlthorized tribe's 3 03( d) impaired waters list for bacteria until sufficient E. coli/enterococci data 
are collected to either develop a Total Daily Maximum Load (TMDL) for bacteria or support a de
listing decision. Where possible, states and authorized tribes may wish to assign these waterbodies 
a lowerpriority ranking for development ofTMDLs to acqohiinbdate the collection of data onE. coli 
and/or e.nterococci. This would allow a waterbody listed for fecal coliforms to have additional data 
collected for E. coli and/ or enterococci and, ifheeded, a TMDL written based on these newer criteria. 
In some instances states and authorized tribes may find that a waterbodynotmeeting its previous fecal 
colifonn criterion may tneet the newer E. coli or enterococci criterion. In a recent EP A-:fu:i1ded study 
copduoted atJ3ostdn Barb or beaches inMassach\lsetts,itwas founq.thatthe enterococci criterion was 
met more often than the fecal coliform criterion (MWRA, 2001). Proceeding in this manner to 

· accominooarellwcollection-oT aadttlcinaJaata wotilClalso precluaethe--n~eeclfora future TMDL 
revision if it bad initially been written based on fecal colifonns. 

Where there is an immediate threat to public health or where a waterbody has been listed 
under 303(d) on the basis offecal coliform exceedances, and the waterbody is a priority due to court 
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order or state (or tribal) statute or regulations, states and authorized tribes should not delay developing 
a TMDL: In these situations, the state or authorized tribe should develop the TMDL using the fecal 
coliform criterion, and monitor progress toward meeting all bacterial water quality standards, 
including the fecal coliform criterion (ifithas been retained in the state or authorized tribe's'water 
quality standards duringa transition period) and E. coli and/or enterococci. Because data may not yet 
exist on the newly-adopted criteria, this would be one approach to meeting the requirement that 
TMDLs be based onthewater quality criterion in effect at the time. ofdevelopment. If data collected 
over time indicate that the waterbody is meeting the E. coli/ enterococci criteria, this would constitute 
an ~cceptable measure of attainment of the TMDL. Altemative~y, if later data show a continuing 
problem under the E. coli/enterococci criterion that has not beenadequatelyaddressed under the fecal 
coliform TMDL, revisions to the TMDL may be necessary ori.ce data on E. ·coli/enterococci ate 
collected. 

After a state or authorizedtribe adopts criteria for E. coli and/or enterococci, the amount of 
data necessary to supporta listing or.de-listing decision willva:ry a!p.ong states' and authoriz.ed tribes' 
monitoring programs. This information should be contained either instates' and authorized tribes' 
assessmentand listing methodologies or in their waterqualitysta±idards. The design of the stateqr 
autb,orized tribe_;s monitoring :program alld the conclusiveness ()(the ·data collected will affec;t the 
length of.time before a state or authorized tribe is able to make regulatory decisions andtal\e 
appropriateacti()J:lS. For example, -ifa·state or•.a11thmi2Jedtribe r()l,liinely qoll~::ctsmonitoiingd~ta~md 
finds within arelativdy short.period qftime that the data collected J.ndicate an-exceedance dftlie 
water quality criteria, EPA expects the state or authorized tribe to cqnelude that the waterbodfis 
impaired. :Further, moriitoring designsshm.ildreflectthe way .in which. the state orauthorizedtribe's 
waterqualitystaridard:s are expressed; · 

5.3.~ 
: .. -·' 

0!1~~ £: ... coli and(or .el\terococd hav~ bee~ M?gtei:}, ~o"' shoul(l r,~cteatiqn~l 
w~ters· be, assessed arid'attainrnent. cieterriline~fr6/w~te~s 'w1Ierethe 1Jactea6:· 
logical cfiteria ap~ly? ·.·· .. . 

Implementing water quality cr:iteria for bacteria withi,n a state or authorized tribe's monitoring 
and listirigprogram is a recurringtopic within the ongoing dialogue EPAhas with states, authorized · 
tribes, and other ·stakeholders, particularly during the recent development of the Consolidated 
Assessment andListingMethodology (US EPA, 2002a). The upcoming Version 1 oftheMethodology 
will address water quality monitoring strategies, data quality ~d data quantity needs, and data 
interpreta:tionmethodologies. This effort is focused on helping stat~s and authorized tribes improve 
the accuracy and completeness oftheir CWA§ 3 03( d) lists and §305 (b) reports as well as streamlining 
these two reporting requirements. In addition, this document provides recommendations for the listing 
and assessm~nt ofwaters designated for primary contact recreationaiJ.~ specifically refines previous 
recommendations on assessing attainment of the water quality criteria forbacteria. 

States and authorized tribes have questioned how the criteria should be interpreted when 
assessing waterbodies under CWA §305(b) and determining attainment.under CWA §303(d). As 
discussed earlier, EPA recommends states and authorized tribes adopt both a geometric mean and a 
single sample maximum value. For states and authorized tribes that follow this approach, determining 
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attainti.i.ent.would be based on an evaluation. ofthe water quality data as they relate to both criteria 
cotnpo1i.ents as· specified in the state· or authorized tribe's methodology. 

HistOI;ioaUy, state~ an(! flllthorized tribe~ have \tsed simple des.c;riptive statistic~ to determine 
attainment consistent with these recommendations. Using this approach, the geometric mean of the 
totalnnmbet of samples take11 over a certain period of time is calculated and the results compared to 
the geometric mean eompol1ent of the oriterior1.. In additi<m, the monitoring data gre cornparedto the 
single sample maximuni :value to assure that no ·sample has eX¢eec1e4 t~e #ngle sample maximum 
valtJe. Using. shnple descriptive statistics such as this, while accept~hle ·t9 EPA, has several 
drawbacks; Most notably, use of this approach assuines that the ;ehtiret>bpU:lation wa~ ~~Ptxsenta
tively santpled, i:e., tha:t the sainples . fvlly e&ptwrE!d Jfie rm1g~, .and varia,pility of the ambient 
conceiitrations existing over the period ofti111e in which the satnp'ies were taken. 

States 8.1!1d authorized trihesJ,nay .also ;use what is ~own as inferential statisties (e.g., Students 
t-test, biri0.rtiialand chi~squ~retests). The prhnacy differeJ.iqe hetwe(:ll~ the desqriptive st;:~,#stical 
approach described ahqve .and infetenti~lsta~istics is'. how they hah(ile uncertainty o.e., deqis~on 
ettor) .• and the like,lihotid that the s~rn,ple ·data representthepppulation they are used to char::wt~rize. 
W11ile descriptive statistics do riot address lincertafnf)linthe st~tistids usycito desorihe thepop1-1lation 
of intete$t1 inferential stattstics assu1tre a.potenti~lfor error in using samply data to duiracteri:z;e the 
po[AllMion a~)iilspecitically addre~s the lil<leli.ho0d \that the satnple·data reptesentthepqp~iat~onby 
setdtigtargets for reasortable decisio11 ertot; States and authorized tr!bes that pefii1e .aqoeptable 
decision .erroi· have tak~11 on a greaterresponsibiiity for fuonitothig programs, because these. ~t~tes 
and a:uthor.ized tribes ate s~stehiatically defining-, .· and~ it is hop·ed; committing the resources to 
collect-sufficient samples to support the tests. · . li'J' 

~.~: 

Ofthese two g\:meral approaches, EPA prefers that,i.fspfficientdata are collected,i~states and 
authoriz¢d ttibes useiuf~t~nti.aLsiatisticctlnTbd~is ov¢Jo th~ alji1{ty ofthese mo~el~ t0•pf6vide the 
greatest certainty inmaking'~ttaii:frn.ent decisions.' Reco)i-np:~nd~tiolis and dis<;:ussimis of the use of 
different statistical approaches will be provided in EPA is Cons@lidated Assessment and Listing 
Methodology (USEPA1 2002a) a11dare contained in Ef·A's C!tuidancefor Chom;ing a Sampling 
Design for Environmental Data Collection (U$·:EPA, 2006). Using statistical ~pproa.ches enables 
the assessor to estimate, based on the samples take;n and a specified confidence l~ve1, whether or not 
the criterion is being attained. In order for these approaches to provide reliable results, a certain 
a1nm,mt of data must be collected as determined by data quality ol;>j~ctives, which in tUm reflect 
individual state or tribal standards. Alternatively, states and authorized tribes have employed other 
statistical approaches. For example, some states.andauthorized,ttibes calculate confidence ipte:rVals, 
the upperlimitsofwhich are compared. to the single sample maximum to determine compliance with 
that component ofthe criterion. Additionalguidance on the use ofaltemate assessn1ent approaches 
will be provided in the ConsolidatedAss~ssment and Listing Guidance. 

• . ' ". 'I 

-In addition-to these two -appro~ehes, -states-anc1-authorized-tribes may-de.velop -their-own 
approaches; however, any monitoringprotocol developed by the statb or authorized tribe should be 
comdstent with the relevant water quality standards. If the state or t~ibal water quality standards 
define how the standards are to be interpr~ted, the state or a1lthorized tribe must follow its prescribed 
approach when assessing attainment. If the state or authorized tribe's standards are silent on how to 
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interpret data to make ambient attainment decisions, the state or authorized tribe should describe its 
process. The state or authorized tribe may either follow EPA recommendations or develop 
implementation procedures that are consistent withits water quality standards. For example, if a state 
or authorized tribe's water quality criteria for bacteria consist of a geometric mean and a single 
sample maximumand specify that the geometric mean is to be calCulated based on five samples taken 
·over a thirty day period and that no sample may exceed the single sample maximum, the state or 
authorized tribe's m011itoring and assessment protocol should be consistent with these water quality 
standards provisions. In some circumstances, states and authorized tribes may find that revisions need 
to be made to their water quality standards to clarify hovy the water quality standards will be 
interpreted for assessment and attainment determinations. 

Many states' and authorized tribes' use i1'1formation on bathing arearestrictio:p.s and closures 
to determine attainmen.t with recrea:tion-based water quality standards. This information often comes 
from state, tribal, or local health departments and may be based on water quality monitoring, 
calibrated rainfall alert curves;,or .precautionary infohnation: Before usi11g this informationon.use 
restrictions and closures, it is important to document the basis forthe111, For example,. the wate~ 
quality agency may wantto verify that the gealth department uses indicators ~ndthresholds .that are 
consistent witlr t4e state()r authorized tribe's \Vater qualitY standards.. . .J · 

. . ' . . .... .. 

Ingeneral; waterquality-based-b<!:thingdos~es·ortestriGtionsthatar.e·consistenhviththestate' 
orauthoriiedtribe's.waterqualitystaB.darcisandas·sessmentrnethodologyand_areineffect(imingt~e 
reporting periotlsliquldbeused';xsahiJ.1diqa.torofwaterqmilit)rstarJ.d.ards ·attainment. Therear~: some 
exc~pti()nS; 'ho~ey~r: Bathi!lga~eas .S1:lbject. to.,,precautiql1ary acirnin~str!ftive closures such ~s 
autoJ.ilaofic Qlosures after stprm.eyents :ofa certairiintensity maynottrigger an imp~irmerit d~Cisio!l if 
monitoring datfl..show ~11 exce~da,~c,e of applic~bl~,water qual!ty standi;rd~, h~s 1101.· o.ccprred. · 
Similct;rl)~,closw~s oriestricti()l.ls:basd:loll, other congitions lik~rip-tides or sha,~ks shoU,ldnqttrigget 
arionahainmerit d.~ci'sibn (USEPA, 2002~}. · · · · · 
'• ' . ; :.-o "··. · ;:._." .. · '·.· . .' · ::, · "•' ."\i • .,,--"· · . . :, . · '- ·.· .,,~: .. ,.[• · · · >, ·· : :.'. ·:,' · ·' .·' ;, 

Regardless of the mon~itoring protocol used by a state or tribe, EPA recommehds, at a 
minirn~1ll, .that priJ.llary contapt tecrea.tiop waters be ryo11itore.d tlrroughoutthe swiiJ:J.JJ:IiJ1g se~son, 
ideaiiy on a \veeklybasis, to ensur~h~ma11 health is adeqllatelypfot~cted, partibllarlywatersthatafe 
beach areas. EPA has preparedadditicmal guidance'contained in theN a tiona! Beach·. Guid.anc~ and 
RequiredFeJformance Criteriafor Grants recominending J.llOnitoring approa_ches for identifiedbeach 
areas,· as well as recommendations on how to usethe data in making beach closures and advisories. 
This document is available through EPA's Beach Watch web site at 
www.epa;gov/waterscience/beaches. 

EPA recognizes that there may be some watetbodies that merit less frequent monitoring. These 
waterb()diesmayincl11de thos~ w]lerepublicaccess isp11Ip()Selyr~stricted or limhed by location and 
other wa:terbodies that are not likely to be used for primary contact recreation. Due to resourcd or 

--other-constraints;~statesanehuthorizedtribes-may-not-be:able-to·collect-sufficient-satnplesJorthese 
waterbodies to perform a robust statistical analysis or to collect five samples within a thirty day 
period to perforni the recommended arithmetic analysis. Iri addition, for waterbodies where infrequent 
sampling occurs, the few samples that are taken may have only been collected during the swimming 
season. 
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Lit1iited state or tribal· resotwoes n1ay result hi a-state or tribe not .bei!J!g, able to collect 
suf'fioietit san\p!es to calculate al'neanirigfL11 geo:ti'letdc 1ueat1forcon:1parisonwiththe criterion. While 
EPA coiJtin\lesto ·.encbm•age :fi·eque;tlt·irtop:itorjlig ofbeaqhes aitd. heavily~·bsed recreation areas, for 
those waterb0~ies that ate re1110te ot, for other reascms, rar,ely used, EPA reoonnuei1ds states and 
authOrized tribes develop rnonitorh1:g 'protocols tliat describe how these waterbodies will be 
n1onitored. States at1d m.1thcn1zed tribf)s shot1ld asSilre that a.ny alternate .monitoth1,g ptotocols 
developM are co11sistei'J:t with its water qiHllity stan'clards. hi. some o~ses, states and attthorizedtribes 
may Wish torevis~theit wa~~:r qu~Hty.('ltaildards tocladfythese apptoaches, Alte:rl1atively, Btatesand 
atlth6I;tzed tdbes may choose tb.specif'y theh' ti10l1ltorh1g procedures hi their CWA s303(d) listing 
rnethodolog;y. Regardless ofwhm;e this ilifdtt11ation is col1tC~:i1ied, states ai1d authorized' tribes sho:uld 
assurethattheir 111ordtoringprotoools a11d :!nterptetation ofthe 111onitorh1gdata are consistent with the 
expressioifOfthe applicable watei' qttality stat1datds. Exainpies oftyp~s Clfn'rouitoting approaches 
that n'ia)Tbe applied to infrequen.tlyused :tecreatiohal waters are described in Table 5-l. 
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Table 5-l. 

Example #1 

Monitoring approaches for less frequently used primary contact recreation 
waters 

The sampling procedures for waters not identified as public or high use beaches specify that 
water quality data collected over a period of time longer than 30 days may be used to calculate 
geometric mean values. This may include calculation of seasonal geometric mean values or 
annual geometric mean values in addition to us1ng the single sample maximum component 

Example #2 · 
The sampling procedures for remote waters not identified as public or high usebeaches specify 
the samples collected be compared to the single-sample maximum,· serving as a trigger for 
collecting five.samples within a 30-day period. If routine monitoringfinds an exceedance ofa 
single-sample maximum, then the state or tribe collects additional samples to calculate the 
geometricme~n. The state or tribe. then uses thegepmetric m~antd make an attain
ment/nonattainn1ent decision (i:e., both the geometric mean andthe .single-sample maximum ne d 
to eX.ceed the state. or tribal standards for the waterbody to .be identified as impaired und~r. 
CWA§§305(b)~nd 303(d)), This approach differs fromExample#4 in thatjhe assessment 
decision is made onl-x after additional data are collected.·· ·· 

Example#3 . . . .. 
. Th~ sampling procedu~es fotremote waters not designated iiSpu~lic beaches speCify sampling . · 
to occur periodically. On: ar()tatihg hashi basis, samplingjs conducied more intensively to · · · 
confirm p~riodic sampling findings. 

· Exaniple #4 . . 
The sampling procedures for remote waters not identified as pliblic (),rhighusebeaches are . , 
comparedto thecsirigleisample maximum to determine·atlairirilenistafus; If any O:fthe-samples • 
collected exceeds. tl}e 'singl~ sample max~mu:m, the waterbpci}' is.·determined to be impaired. ·• 
This approach ~~ffers frorp Example#2 in that the assessment decision is made .~fter comparism 
only with the ·single sample i.naxirrii.im. Ari exceedanceresults in a nonct'ttainnient decision by t e 
state or tribea:s opposedtotriggering trmremonitoring. 

W11en considering the spectrum of differehttypes of waterbodies designated for recreation, 
approaches states and authorized tribes take to monitor their waterbodies may vary with the uses 
a~ signed, since prioritization of monitqring resources may be directed more toward the heavily used 
recreation areas. For example, a state 'or authorized tribe may choose an inferential statistical 
approach for the monitoring and evahiation of data 'for high use or identified bathing areas since more 
data are likely tO be collected in these areas. Alternatively, states and authorized tribes may choose 

-- -ari-approachthat-relies-on.fewer.datafor-other.waterbodies-that-are:primary-contact.recteationwaters, 
but are not heavily used. (See section 4.1.1 for a discussion ofhow states and authorized tribes may 
bifurcate their primary contact recreation use designations.) Regardless of the approach used, states 
and authorized tribes should specify which monitoring approaches they will be using. Additionally, 
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states and a'tlthori:it;Jdtribes 1hay find it-useful to identify a1idprovide to the public a list of recreation 
waters and the fi·equency with which they will be monitored. 

5.4 iiow should a state or authorized tribe's water quality program calculate allowable 
loadings for TMDLs? 

If a state or authorized tribe fi11ds thatits bacteriological criteria are not beh1g attahied, the 
state or authorized tribe wil111eed to.develop a TMDL consistent with CWA §303(d)~ A TMDL 
estaplishes the allowable loadh1gs fot speoifi¢ pollutm1ts th~t .~ wated>ody caP. receive without 
exo.eedh1g water quality standards, thereby providing the basis fGi'states and authorized tribes to 
establish water qtlahty;based pollqt16n coll:trols. A 'PMDL id.eiltifies ·the loadhig capacity for a 
po1luta11t in a watetbody, the aliooatio:ti ofthatpollut;:qrttopoiilt an<}nmipoint soiirces contributing the 
pollutant, andtheseasolial variation andinargin ofsafety sothatthe TMDL will result in attaining the 
water quality standard. · · 

. For states .and authorized tribes th~t hav~ adoJ?t¢c1 E .. coli and/ en' enterociocpi :h1to their water 
qua1it§ standards, state and a\ltliorizedtribe'swat'et q'\-iality pro gtams·1ieed to keep inmifH:lthe basis 
mid assuni.ptions humrent hithe development of'tlie a:ppilcabie wa;ter:qtlaiHYstaridard when calculating 
a wa:terbody's total allowable load of the impah1rteltt~catlsing pollutant, The 1986E. coli, and 
entetooocci criteria are genetallyexpre·sse~ both as a 30.;day geo1~1etric mean and as a siltgle s~~ple. 
The geontetdc n1ea1i is basedmtaootnpadscHi of the average .~ununer eX:pos);ite to the ilhtess tate; the 
single sample is a calculatimi of a daily exposure iliatis·statistical1y related to th~ geonietriC tnean. 
the geoti1etrio mean' characterizes an ayerage expOsure over 30 cohsecuti've days; the single sample 
characteriz¢s exposure for any given day. The calculated allowable load will neeqto reflect these, 
that is, the ~1J()Wab1e loadis a 30-day average load ifbased ontt1e geowe~J,"icltteah,al1q .a shfg}~clay 
loadifbased oi1the single saniply· .. B~oaysythe.coinpatis.oh of~adetioJogicalint;lic~tor c~nicenti;a
. tiohs to 111nesses was 6'6b:'dudfecl'6P. a daily ba~·is, ':E:PAreconiillends ttsmg 'tlle dall)iaverage effluent 
flow for calculating loads based on the single sample. 

EPA has published guidance on how to calculate loadings that attain water quality standards 
for pathogens ahd pathogen indicators (USEP A, 2001 a). This gUidance identifies analytical methods 
that are appropriate to calculate these loads: 

• Empirical approaches-Empirical approaches use existing data to determine 
the linkage between sources and water quality targets. In cases Where there 
are sufficient observations to characterize the relationship between loading 
and exposure coileentration across a range of1oads, this information could be 
·used to establish the lhll<:age directly, 1-lSing, for example, a regression 
·approach. 

Simple approaches-Where the sole source of indicator bacteria are NPDES 
permitted sources, these sources are often required to meet water quality 
standards for indicator bacteria at the point of discharge or edge of'the mixing 
zone, as specified in the state or tribal water quality standard. Simple dilution 
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calculations and/or compliance monitoring (for existing discharges) are often 
adequate for this task. 

Detailed modeling- In cases where ·sources of bacteria are complex and 
subject to influences from physical processes, a water quality modeling 
approach is typically-used to incorporate analysis offate and transport issues. 
Modeling techniques vary in complexity, using one oftwobasic approaches: 
steady-state or dynamic modeling. Steady-state models use constant inputs for 
effluent flow, effluent concentration, receiving water flow, and meteorological 
conditions, Generally; steady-state models provide very conservative results 
when applied to wet weather soU.rces. Dynamic models consider 
time-dependent variation of inputs. Dynamic models apply to the entire record 
of flows and loadings; thus the state or tribal wa.ter quality program does not 
need to specify a design or criticaJ flow for use in the model. A daily 
averaging time is suggested for bacteria. · 

\Vhendetailedmodeling isused,.diff~tenhypes ofmodels a:retequiredfor accurate 
simulation :for riyers and streams as ccmipared t6lal<:es and esfuari.es because theresponse is . 
speCific to the waterboc1y: · ·· ···· · ··· · · · .. 
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Rivers. an.d StreaJn$. PrediCtion of bacteria concentrations .irt rivers :and . 
st~;eams is . dotnimit~d by thbproces~.es. ofadvection and dispersio:rl and. the 
bacteria indi.c.ator degradation: One-, two-, and three~dii:ne±lsional models 
haveb.een developed_to·descri~·e theseprocess•es. Waterbocl.Jiyp.e 1ll'ld d3.ta ... ' 
availability are the two wos( ipiJ?prtai~f factors that def~tmil1e m()del .... 
applicability .. Formost$malla1ld.~hallowrivers, one-.dimension~lnioqels are;· 
sufficientto simul~te !h.~:}Y<it.erbpciy'.s Fesp()!lsetpi~cli~at~yb~cteria.loacling:. 
For . ·large and deep . riVers ~11ci streams: howe~.er, •. the one.:dim~nsional .. 
approach falls short of describing the processes of advection and dispersion. 
Assumptions that thebacterl(lCOl].Centrationjs uniform both vertically~nd 
laterally are not val1d. In such.cases two- or three-dimensional models that 
include a description of the hydrodynamics a.~e us.ed. · 

Lakes and Estuaries. Predicting the response of lakes and estuaries to 
bacteria loading requires an understanding of the hydrodynamic processes. 
Shallow lakes can be sirnulatedas a simplified, completely mixed system with 
an inflow stream and outflow stream. However, simulating deep lakes with 
multiple inflows and outflows that are affected by tidal cycles is notasimple 
task. Bacteria concentration prediction is dominated by the processes of 
advection and dispersion; and these processes are affected by the tidal flow. 

· -The size of the lake--or the--estuary; the rrerfre-shwater --tlow; -and -wind -
conditions are so:rp.e of the factors that determine the applicability of the 
models. 
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Given .that tnost &.otrroes· of:b~lpteria .ar© ,m;:lated to rah1,fall a11d higlw:r; river flow events, and 
that water quality standards apply over a wide range of flows, states a11,d authorized tribes will most 
likely findtha:t they need to calculate allowableloads for a wide variety of river flows. For this 
reason, EP Ar.ecotJ,1~'1ae~J.ds that states and mithqri~ecl ti'ibes use dy11amio modeli!1g to calculate these 
loads. EPA recon1nwnds tlWe© dynamic m.odeti11gtechnjques to bet1sed when all acctu·ate estimate 
ofthe ft'eqti<:?i1Py distdbtition ofprqj ected reqeiYing water q1,1ality is reqtlired: continuous simulation, 
Monte Cado siintllat\o11, andJog-no~tna1 prdbfl.bility modelitJ.g. These methods ate described in detail 
in EPA's. l?;tliQa~Ne {US!EPA; ZOOJ; VSEPA, 19.91 p), ModeJs capable of si111ulating bacterial 
cohdeliti'atiiJI:JS are also descdbedh1 EJ>A'.s g~1idai1Ce (USEPA, 400:2b; 0SEPA, 1997). 

li1 using dynamic modelh1g .techniqttes, tt1e state or au:thoriZ;edtribe· will first develop, 
calibrate, ai1d verify a watet .CJ.~i~dity 1i1odel foi" J:xistiilgioads, m1,d theti wiiJ try different scenarios of 
load redtwti6n,s ui~tilthe water quaJii:Y ~ta:J.tdafqs are att~ined. The W·asteload allocations are then 
directly. caloula,ted frmn the· dynamic +nqd~l ~sing the pern1it derivation techniques described in the 
Technical3uppo7;.t DocLtmeril jo1~ Water Quality-based. '{:o:&,ics Co7'ttrdl (USE]:> A, 1991 b). The load 
a1locatioils are calculated from ttJe ,percent reduction or pounds reductio11 used to attain the water 
quality ·standard. 

If a state or authorized tdbe ~lectsnotto ti.se a dynamic model; geiietallyJ:>ecausethere are not 
sufficient data to develop such a lrto·del, then. the program will need to use h steaqy state model 
approach. tl}is entails spedfYing a design .:flow for riverine systexns to apply to the. water quality 
cdteriot1· in the. 'Stan;dards. As discussed·· above, this flow will need to reflect the basis .and 
assutn,ptions i:nherent in the developmei~tofthe :waterquality criterion. 'Specifyiiig the flow will also 
be a challeng·ebecause the water q't.ta:Ht)rstatl.dan:lstnl.ist be ~ttained over a thnge'qfflows, and where 
the loadings fti·e tainfallrelateq, .~·ctLtical dt\?1-lght flo.w approach willndt ~iways be representative 
of the ~otiditim1s wheli the standards ,HJ.igl1,t'be: ~?(~ee~eq. In lakes and ·y~:ttrati~~.the flow is not as 
respqp.sive to rahifall events, and ~n aver~ge water circulation can be used.· · 

J '' .:. .~'\( : . ' ' .• ,_ .• ·' ~; ·'. < .. ,. . 

. Most TMDLs for bacteria will include intennittent'or episoQ.ic loading sowces (e.g., surface 
mnoff)thai areram-related aiid thushaveserious'waterql1ality impacts tiJ.idj:itV$-ious flow conditions. 
Sometimes, n1aximi.Jl):J. hrtpacts from episodic loading occufathigh flows 'ii:J.steadof at lowflows. For 
exaniple~ the elevated sprii~g flows associated With snowmelt can contain h~gh concentrations of 
bacteria, es;pecia11y whell snowmelt orig·h1ates from agricultural areas where manure is spread in 
wintyr or ftcnn,utban areas where teside11ts. practice poor pet curbing. As an9thet example, a small 
tributa1y may deliver bacteria to a river, The rivet's bacteria load is positively, although not linearly, 
correlated with flow in the highet-order stream. (Both waters respond to regiqual precipitation 
patteri1s;) The in-stream conc(mtratim1 from the tributary load will he affected by the oo111peting 
influeilbes ofincreased load and incteased dilntion capacity, resulting in a peak iinpaot at Sbfi1e flow 
greater than base flow. If a point sourpe was also pres eM, a dual desig1i co11qition Iliight be necessary. 

·-For-these-reasons,-ifa state-or authm1izedtribe electB-touse a steac1y-stat~ modeHor-a,riverine 
system, EPA recommends a dual desigl't approach where the loadings for intet:ttJi.ttent or episodic 
sources are calculated using a flow duration apptoach and the loadings fot continuous soufces are 
calclllated based on a low flow statistic. The flow duration approach has been used td establish a 
number oftMbLs for rivers in Kansas (Stiles, 2001). 
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The flow duration approach calculates a load duration curve by first calculating the cumulative 
frequency of the historical daily flow data over a period oftime by the water quality criterion. This 
in essence calculates the allowable load for every flow event, and portrays those loads as the 
percentage ofdays that a loading can be exceeded without exceeding the water quality criterion. The 
geometric mean criterion should be multiplied by the 30-day average flow, and the single sample 
criterion should be multiplied by the daily flow. The flows used should reflect the long term history . 
of-a river, although those periods may be shortened due to major disruptions to .rivers, such as 
reservoir operations or ground waterdepletion. · 

This approach r-equires theavailabilityoflong-tem1 flow data to develop flow duration curves 
as well as daily flow values associated with dates of sampling. Where there are no gauging stations 
present at the sampling site, the state or authorizedtribe may need to monitor flow itself or rely on 
USGS-developed methods to estimate .flow duration curves from ungauged areas. 

Thedistribu:'tion_of existing loads-is calculated by multiplying the sampled quality da.ta by the 
daily flow on the date of sample, and plotting these .calculations on the load durationcurve above. 
The state or authorized tribe .can then compare the actual loadings to what i? needed !o attain-watef 
quality standards. An example of this approach for-Cowskin Creek near Oakville; Kansas,. is shown 
iri Figure 1 (Stiles,_200l} __ Whilethise')(ample11asusedthe.state's e~isti;ng fecalcgliform criterio!l, 
the approach is also applicableto either E. coli or enterococci criteria:. : · · · ·· · ·· · · 

\. . ' ',' ' ' '.,. : .. ' -· ' 

The overall reduction inJoading n~cessary to attain the water quahty standards is calcula~ed 
as the re,ductio~fromthe cl.istributi9nqftheexi~ti~glo_adiJ1gs to that oft11e1oadings rtecessary to att~ih 
the standards .. ·This reduction also defines the .necessary loacl.reduction for ndnpoint sources inthe 
Load. Allocation and inte1Jili1t~ntorepisodic point.:so11rcesjnthe Wasteloa,d Allocation.· - · 

.. , ... Cqn{if1t10uslqa,giJ}gs,thabs, sdi1J:(:esthafdi_schar~~ atikouttl~esameleveTregarslle,ss qffl(e 
· iai11fall, o[ten mosfgreatly irnpadwaterqua1it)'uriderloW::flow, dry:_weather conditions-, when 
diltition is minimal (US EPA, l99la}. For thesesou~ces, EPA recommends that the allo\Vable loadi~g 
aJ1d:J!ast~loadA110Qatio.n~ be ~al_c11l~t~4 forthe g~gmetdc JP:e~ as the prod11ctof the.geom~tricm~ap. 
water quality criterion and the 30Q5 flowstatistic.(i.e., the highest30-d~)' flow occurring once every 
five years), and for th,e single san1pleas the pFoductofthe single sample water quality criterion and 
lQlO flow statistic (i:e, !h~higb,est one-d~yf1_ow occurring once every 10 years) or the low fl~w 
specified in the state ortribal water quality standards, if one is so specified. These flows retlect the 
characteristics of the critetia, tha:tis, a: 30-day average flow for the 30-day average geometric mean 
and a one day flow for the single·sample. By using extreme flow values, the loading calculation 
ensures that the criteria are rarely exceeded. The 3 OQ5 is EPA's recommendation for human health 
criteria for non-carcinogens and the lQ 10 is .EPA's recommendation for calculating loadings for 
criteria that represent a daily or hourly averaging period (USEPA, 1991b). 
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B VVinter Data 1:$'87-19.9;9 

Source: Stiles, 2001 

5.5 What analytica~ metlw<h should be used to quantify levels of E. coli and enterococci in 
ambient water and et:fiuents? 

The permit writer is responsib~e for specifying the analytical methods to be used for 
·II).onitbringin an NPDES permit. Typically, the methods specified are those cited in40 CPR. 13 6 in 
the·staildatd·collditions ofthep!etTilit; -unless otb:ettest procedures·have been ·specified. hi the case 

_ _Qfthe d~y~J.gpment_ofpem).its for E. coli .fl:.l!_d_Qllteroco_oci,_yv_hi1e :ePA is planningJ:_g....Q_'IJPlish fm_ill 
metho4s in 40 CFR 136 for E. coli ote:q.terococci in the near fi1tl.lre; methods clcU1cit yet exist in40 
CFR 136 forthese constituents.' Putsuantto 40 CFR 122.41(j)(4), peiiuit writers have the authority 
to specify methods that are na't contained in 40 CFR 136. In addition to conm1ercially available test 
methods there are several EPA ~approved methods permit writers may specify in permits, including 

59 



/ 

Public Review Draft May 2002 

the mE and the mE I agar methods for enterococci and the modified m TEC and m TEC agar methods 
for E. coli. 

5.6 How do the recommendations .contained in this document affect waters designated for 
drinking water supply? , 

Waterbodies that are used as public (drinking) water supplies are an important resource that 
share many of the same human health concems with recreational waterbodies. Both types of 
waterbodies have a.need to .be protected against contamination by sources of fecal pollution. Like 
recreational waterbodies, the primary route of exposure is through ingestion. However, unlike 
recreation, consumption and other uses of water are intended and typically in niuch larger quantities. 

While the Safe Drinking Water Act requires public water systems that are served by surface 
water, or by groundwater under the direct influence of surfac.e water, to provide a rriinirnum level of 
drinking water treatment to remove.microbial pathogens, the treatment technologies used to reduce 
microbial pathogens.to safe levels in drinking waterl:tre no~ fullyeffective (i.e., they don'tremove . 
every single mien) be): Becausethe$etechrtologies renioveonlyapercentage ofpathogens·fro1nthe 
ambient water, high~r p~llu,tapt loads in the .ambient water \Villresu1finhigherabsolute leyeis of 
drinking water cop~amination aJ1d greater public health risk Flirther,h~cause,&in1cing water¥eatment• 
technologiesare.subjecttoop'erat()rerw!"~ndoccasi()n~Lequipi11~ntfail1lre, t)i.eprospecto:ft~~at~~nt 
bypasspo~esahigheij:rL1bfichealthriskwhen the ambientwaterpoU~t<miloads.areliigherthanwpeD; 
they a~elower:.1}~atmertthypass 1s.tl,1e ~uspected c~l1se oftheMihvajik.Y~outbreakofcryptosporiasis 
in 1993 in whic;h approximately 100 people. die~ . 

.• . · To date, EPA hasnotd~yeloped.priteriarecompienc1atiohsUJ:ide~ section3 04(a) oftb.e:G\VA ' 
.sP¢9ifi9ally ~i!Beg.atW.egrot~<;ttq#ofdrinki~g wa~~r§oll,~s¥~.f1;81p~1i9robig1ogica1 co8ta¥1iliarits: 
. Some states. and al1thorized tribes hav~ adopted EPA's iecbfunie~({etl water qualit{Ciite~ia fof' 
bacteria to protect waters _desigliatedfor drihkingwater supplies. EPA believes that; in the absence 
ofcriteria §p~Ci.:tJ.c~lly targ~fedtqtpe111ierq biological Qrgailisffi.s ·an,g ¢XpOS1Jie routes ot so!lcernin 
drinking water supplies, this is ~n appropriate approach. Ev~n.though public wateTsyste1Tlsare 
required to remove microbial pathogens to safe levels for c0nsurnption, the apoption of EPA's 
recommended water quality criteria for bacteria to pro~ect drinking water supplies provides an 
additional and critical measure of public health ptotectioJ1 ... State and tribal adoption ofEP A: s 
bacteriological criteria reco111111endations into therr water quality standartls for the protection of 
drinking water supplies can provide a mechanism by which water quality may be maintained and 
protected and sources of fecal pollution controlled. 

EPA is contemplating the development of water q11ality criteriet specificallyta.rgeted toward 
the protection of waters designated for drinking water supplies. This is one area identified inEPA's 
forthcoming-Microbial--Waterborne·DiseaseStrategy-that EPA -intends-to -pursue. 

5. 7 How do the recommendations contained in this document affect waters designated for 
shellfishing? 
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BP A; s criteria r~conrtnen,dations £or the use of fecal coli:fort(1 criteria to proteptdesignated 
shellfishhig waters are contained in its Quality Criteria for Wate1' 1986 (also known as the Gold 
Book) (USEPA, 1986). While BP A continues to recommend states and authorized tribes use fecal 
coliform criteria to protect shellfishing waters, EPA's current rec01mnendation that states and 
authorized tt'ibes use enterococci fot Inarihe reoreati011al watets and either 011terococci or E. coli for 
fTesh recreati,onalwaters, are ca~1sing states and authoti:z;ed ttibes that have adopted these criteria to 
now monitor for two different indicators. While EPA realizes that this may cause son1.e inconvenience 
al1d additional resources to co11d~1ct tnmiitoi·hig, qata ai1d infor!natio11 do A1ot yet exist that would 
st1ppott ttie t1Se of£, cdli or elltetococci as criteria to p1·C>tect waters designE~.t<:Jd fo:r shellfishing. 

Thel986 :E. coli and ettterocQcCi cdteria Were developed. to :protect againS:t human health 
effects, hE\,~1wly acUte gas.troel'ttetitis, thatlh~y b.e hwtt~r<:Jd diieto. inci@e;nta1'i.:t;J:gestic;>ii of water while 
recreath~g, .The$e Criteria do not account for exposure that n1ay Qei~~curred by the C~JlSUmption of 
shellnsh, andthere~ore, are11otappxoprja~e forwat<:Jl?ll designE~,tedfotslieUfish. If, atstwh time, data 
andihfotmatioriare pcnii]?lJed1th~t supporttlie 'Use of these ~#~toator q,rg~ni$~ns itl shellfishhigwa:ters, 
EPA Will r¢visit tlliS issue ailq QO~is:ider the deve;lopment qfa revised,9riterion that apptopr:iatdy 
tal~es ihto ao~otmt the, ¢~po~tn'e Pathw~ys ~ss.o,da~id With th¢ oon$mription of she.llfi$h. ,.lp the 
lJ+Cantime, EPkconthl'lie$ t0 r.econJill'Chdthe Use' ofcfe¢al colifol'l'nS forth~ )?rotectiou of shellfishing 
waters. ' 
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Appendix A: Beaches Environmental Assessment and Coastal Health Act of 
2000 . 

An Act 
To amend the Federal Water Pollution Control Act to improve the quality of coastal recreation 

waters, and for other purposes. 
· Be it enacted by the Senate and House of Representatives ojthe United States of America in 

Congress assembled, 

SECTION 1. SHORT TITLE. 
This Act may be cited as the "B ~aches EnviJ.;omnental Assessmel1t and Coastal Health Act of 2000". 

. ' 

SECTION 2. ADOPTION OF COASTAL RECREATION WATER QUALiTY CR.I'I'ERIA AND STANDARDS 

BY ~TATES. 
Sectiot1303 of the FederaiWaterPolhitio11 C.ontrol Act (33 U.S.C. 13 13) is amended by adding at the end 
the :f61lowh1g': · · ·· · 

(i) Coastal Recreation Water ~uality Criteria.-

.( 1) Adoption: py States.~ 
(A) Jnitial ddte•'ia and Standards.-NotlatetJhan 4211.1o11ths after the date of 
the el}adthwitt oHhis Subsection, each State havhig o'oastal recreation Waters shall 
adopt atid siib1hitto thci Achninisttatorwater quitfity ctftei:fa ilhd st~tld'\rds'fodhe 
coastal rectteatioti wate1;s of the State for those pathogi:ilis ·and path:oge1i hidfcators 
for which ·the Adtninistrg.tor has publishec! criteda Un.der section304(a).' . . . . ' . . ' . ' 

, ·(B) New o~ kevis~iLCiiteria and Sta)Jdards;_,_...,Not1atett:tian j 6:m6n{:Jj§ ~ft6i fhe 
date· of ptillii16atf(iiii .Gy the Adrhmistr£t6:t ofiieWot~revisedwatt+qtiatft)i;btitef1a 
under section304fa:)(9), each State hayil1g coastal recreation waters shall adopt and 
submit to the Adiuinistrator new or revised water quality standards for the coastal 
recr!'lati(ni waters ofthe.State for all pathOgens· ~nd pathoge1iindicators to which 
the new or tevised water quality criteria are applicable. 

(2) Failure of States to Adopt.-. 

(A) ln: Geneta'h-Lf a State fails to adopt water quality criteria a~1d standards in 
accotclaiite With.patagtaph (l)(A) that are as pi'otective ofhU1nan health as the 
criteria for pathogen$ and pathogen indicators for coastal recreation waters 
published by the Adinitlistra~or, the Achninisti;ator ~hali Pl'd~nptly propose 
regu.latioiis for the Stiite settil1g forth revised or 11ew watet quaiity sta1idards for 
pathogens a1id pathogen indicators described in paragtapi1 (l)(A) fot coastal 
1·eoteation waters ofthe State. 

-fB)~Exception .. --lf-the-Achninistl:ator proposes .regulatic;ms for-a-State-described-in 
subpatagt•aph (A) lllid.ei' subsection (c)(4)(B), the Administrator sha11 publish any 
revised ot new standard under this subsection not latet than42 months a:ftetthe 
date of the enactment of this subs.ection. 
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(3) Applicability.-Except as expressly provided by this subsection, the requirements and 
procedures of subsection (c) apply to this subsection; including the requirement i11. · 

.subsection ( c )(2)(A) that the criteria protect public health and welfare. 

SECTION 3. REVISIONS TOW ATER QUALITY CRITERIA. 

(a) Studies Concerning Pathogen Indicators in Coastal Recreation Waters.-Section 104 of the 
·Federal Water Pollution Control Act (33 U.S.C. 1254) is amended by adding at the end the following: 

(v) Studies Concerning Pathogen Indicators in Coastal Recreatio~ Waters:-Notiater than 18 
rriOJ1ths after the date ofthe enactment of this subsection, after consultation and in cooperationwith 
a,ppropriate Federal, State, tribal, and local officials (including local health officials), the 
Adnlinistrl:(tor shall initiate, and, notlater than ·3 years after the_ dateofthe __ enactmeht of this . 
subsection, shall complete, in cooperation with the heads of otheriFederal agencies, stUdies to 
provide.additiqnal information for use in developing- - · · · 

· (1) .an assessmentofpotential human health risks resulting frofu exposure to pathogens in 
coastal recreation waters, including nongastrointestinaleffects; .. · , · 

(2) appJ;()priate and ~ffective indicators. forimprovi~g d~tech6n i~ a timdy ·mahmiriti 
coastalrei.ieatiot1 waters of the presence ofpatl:logehs that ate harmful to' human health; 

· (3~ ~p#opriat,e, accurate, ~Jepedi~ious, ancl 6()st-eff~cti~~·~etgoqs(inqhidWg .predi9~i.Ve __ .•.. 
. Inodel~) for detectii"lg in a timely manner in coastal recJieatichY waters-the presence_ of''-Jc 
pathogens thatare harnitul to human hea,lth; and ' ' . ' ' -... 

--(4) ~ictance for .State .application of the criteria'forpathogens and pathOgen :indicators 'tti be 
p~'Qli~bed. under sectiofl 3 04_(a)(9). to . accountfor the divers icy Clf g6o graphic .and, aquatic . -

.conditions. . . . . . . . . 

(b) Revised Cr·il~rl~:~Sectioh 3 04(a) :0f the Federal Water Poil}ltiq~1 Control. Act (3 3 U. s.C .. J 3J 4(a)) is 
amended bya:ddll1gatthe ~ndthe following: · · -- · · · · · · -· · - -

,, . . .. ,.">•;,,,-,.,;,, ~ ·<. :"',;::·::,• :·' \, •·-: ·. -·· •· .-. . , , . ., "· .. , .. · , "'· ···v~ 

(9) Revjsed Criteria for Col:lstal RecreationWaters.-
, ,•' , "< I ,- <.,· '•, • 

(A) In _General.-Not later than-5_years afterth~dateofthee~actment of this 
p~ragnq:ll:i, after consultation and in cOO:tJedtioii wi.th appl.•oj:n:iaie F~deral; State; 
tribal,. and local offiCials (ihCludinglocaL11ea,1~h 9fficials), the Administrator shall 
publish new or revisedwater quality criteiia :for pathogens and pathogel1 indicators 
(inCludipg arevis~d-list .oftesting_methoqs, as'approptia,te),based on'the results of 
the stu_dies cond11cted under section 104(v), for the purpose 0f p'rotecting human 
health in coastal recreation waters. 

(B} Reviews.-Ndt later than the date that is 5 years after the date of publication 
of water quality criteria_underthis paragraph, a_nd at least once every 5 years 
thereafter, the Administrator shall review and, as necessary, revise the water 
quality criteria. 

SECTION 4. COASTAL RECREATION WATER QUALITY MONITORING AND NOTIFICATION. 
Title N of the Federal WaterPollution Control Act (33 US. C. 1341 et seq:) is amended by adding at the 
end the following: 

SEC. 406. COASTAL RECREATION WATER QUALITY MONITORlNG AND NOTIFICATION. 
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(a) Monit<a'ing a6!l:Notifi¢ation•_.,... 

(1') In Geii,erai.......-N oflat~r than i 8 ~t:tottths aftet' the date of the enactment of this 
section, aftei; oonstlltati6i!J. at~d in, cooperatid)l wlth apprqpl'iate Fede:ral, State, tribal, 
and local officials (including local health officials), and after providing public notice 
and an o.pportunity for comnl.ei1t, the Administrator shall p~tblish performance 
criteria for-

(A) 111onit6ri1tg a11d assessmont(il1Cludh\gspecifyihg available 1i1ethods for 
n'ionitorh1g) of .coastalt1ecreation wate1·s adjaMiH to beaches or shnilar 
1)oi11ts of acoess tl~at are i.wed ~Y the p1thlic fo1· attaimnt:n~t ()f a:pplicable 
water quality standards forpathog~ns.~nd.Pfi#lO:g~:Jtiinciic:ators; and 

()3) tl.le proinpt 11Qtific·atioh of the i?tiblic, local govetiunel1ts, a~d the 
Adn.iini~h·ator of any exceeding ,of.bt li~elll1qod of exceeding applicable 
w~te.t quaHo/ .stattdai'tl.s for cpastal i•ecrea:Hdti' watei•s ·described in sub-
parEJ:graph (A); , 

(2) Level 6fPr6t~ctH>n.-THe pedormance cdterla teferred t9 h1 paragraph (1) 
shaLl p~tYv1cle thi:tt'the actiyit~es d~'sctibed i11 subpatagt·~phs (A) aitd (B) of that 
parij,gvapJl SliQ;ll be catd:ed out as 11eCeS$al)i fodhe Pt\otectiojl. of public health and 
safeJ:i · 

~ 
(b) PrograJ:l): :pevelo,p~eilt ani;! rJ:!~:pleweytati~n Grants,~ 

(1) ln -GeiHW~l,..,--Tlw AdnHnistraror may makb gnu\ts to Stf:l.tes and local 
gcivernmetitS to dWelop ~tid :impl~rrietit progt'~l1JS · fottfl:()I)ltoring and notification 
for coas'tal:teci'eati<illl wa.tets adjacettt to beaches or similar poh1ts ofaccess that are 
used by the public. 

(2) Limita,tioiJs.-

(A) In Ge-nera:!;-The Administl'ator may awru:d a gta11t to i;t. State or a 
local ,g§Jvet:tu11~nt tq il.:i1Ple:me1it a 1ndl,tito:t;itig,a:nd.!J9t!fi6atidn pto~gtam if-

(i) the progta1l1 is consistent with the pel'fortnance criteria pub
lished by the Adrninistrator under subsection (a); 

(ii) the State or local govenunent prioritizes the use of grant funds 
for patt1clitlat coast!i:l rect•eation watets based on the use of the 
watel' atid the l'iSk to hUtnan health p:tesetited by pathogens or 
pathogen ilrdic:ators; 

(iii) the State or local gover1nnent makes available to the Admin
istrator the factors used to pl'ioritize the use of fi.mds under clause 
(ii); 

(iv) the State or local government provides a list of discrete areas 
of coastal recr~ation wate~~ that are .stibj e.ct to the pro gra1n for 
monitoring anq notification for which the gralit is ptovided that 

-spe·cifies-any ~coastahecreaticnrwaters -for-which-fiscal-co1ist1'aints 
will prevent consiste11cy With the performance criteria under 
subsection (a); attd 
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(v) the public is provided an opportunity to review the program 
through a process that provides for public notice and an oppor
tunity for comment. 

(B) Grants to Local Governments.-The Administrator may make a 
grant to a local governn:J.ent mider this subsection for implementation of a 
inonitoring and notification program only if, after the I year period. 
beginning on the date of publication of performance criteria under 
subsection (a)(l), the Administrator determines that the State is not . 
implementing a program that meets the requirements of this sU:bsectimi, 
regardless .ofwhetherthe State has.received a grant under this subsection. 

(3) Ot,P.er Requirements._:;__ 

(A) Report::.:__A Sta'terecip1ent' of ag1;ant l.liid.erthis subseqtion sh~ll 
submit to the Administrator, i1i such formatand at such intervals as the 
Administrator .detennines to be appropriate;. a report that describes--

' ·.·:· ... ' ' .·· . '' .. 

(i) data collected as part of the program for' monitoring and 
notificatipn as described in subseption (c); and 

. , (ii) actie\Iist~J~eh to. notify the public wll~n \Vater ciuality ~tandarcls 
ar~ exceedcid. . . ·· · · · · . · . . . · · . · . 

(B)·.Delega(ion.--A ~Ia.tet'ec{pientofa g~aiit til1derthis sl.lb~edioncs~~ql 
identify eacl1 lacafg()ver1il:Jlent to which tlie 'State11a~ delegated :OrinteiJ.ds 
tqdelegaterespo11~ibi1tt)'fo~imple1llehtiiig.•.a_J,110iiitoril1g•.and.Iioti4ca.tiori 
prograrp· consistent ~ith41e pe~formance .Criteria published under . . . 
subsection(a)(inciudihg ariy coastal recreati6i1,Waters for'Nhiclithe ... ·•• 
authority to:ilnpl~l~e~~f8.l11on:itoril1g al'l.d nbtificationiJrogr~rn wouid h~ . 
subject to thedel~gcitt~h}. . . . ' . . . i .. • . . . • 

. . '· 

( 4) Federars4~/~.--
(A)Jn GelleraL--The Admi~i~irator: .. thrm1gh g~ants awircl6d ~dei this 
section, may pay ~p to roo percent0f the costs ofdtweloping a~d 
implementing a program for monitoring an,d notification under this 
subsection. . . .... . . .. . . . . .. .. . . ·. ... . 

(B) Nonfederal·Share . ....,... The no·n~Federal share of the costs of developing 
and implementing.arrionitoring andnotification program may be-

(i) in an .amount notto. exceed 50 percent, as determined by the 
Administrator in consultation with State, tribal, and local·gov
ernment representatives; and 

(ii) provided in cash or in kind. 

( c)Conte11t of State and Local Government Programs~-As a concjition of receipt of a 
grant ui1der subsection (b), a State or local government program for monitoring and 

-· notification under this section-shaH-identify__:. 

(1) lists of coastal recreation waters in the State, including coastal recreation waters 
adjacent to beaches or silnilar points of access that are used by the public; 
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(2) in tb!9 case of a State progran1 for n1onitoring and notification, the process by 
whi'oh the.S:tate J'ilay delegate to local governments responsibility for implementing 
the moi1itoring and notification program; 

(3) tlie frequency and l<:>cati011 ofmonitorhig and assessment of coastal recreation 
waters based oil-

(4) 

(A) the periods of recreational nse of the waters; 

(B) the natl.lre aHd extent of use during Cei'tain periods; 

(C) the pro~hnit'y ofthe waters to 1ti;t6wn point sources and nonpoint 
so1.1rces ot polMion; mid 

(D) any effect of storm evetits on the waters; 

' (A) the 1riethods to be nsed for detectil'J.g levels of pathogens and pathogen 
il~diqators that are hai'it+ftll to 11u~U:ah'h~alth; and 

(B) the assessment procedures for ideiltifying short-tenn increases in 
pathqge11s · a11d pathogen' ihdicf!tors that· are ha11nful to .human health in 
coastafl·eci'~~don w~ters (lh91Udiilg h1creases in ~·E)latjon to stonn events); 

(5) measures for ptro1i1pt od~hiJiUnication of the o66pri'eiloe, mihtte, locatioh, 
pollUfaiits iiwolVed, and ext~1lt ofatiy exceed.htg of, 61' likelihood of"exceeding, 
app}ie~ole water qu~lity standards foi· pafh6g~i1s and .pathogen i11dicatbrs to~ 

(A) theAqn:i.iliisttator, !11 such fol'I11 as the Achrtinistrator det~tinhtes to be 
a,)Jproprlate; apd · 

(l3) a designated official of a local govet1l1neilt having jm•isdiction ovel' land 
adjoining the coa~taltecreatiOll W~ters for Which the failute to :trteet 
ap,pHoable stangards is ldentifiM; 

(6) meastu'GS for the posting of signs atb~~(cil~,$ or ·surtilat points ~f a'ccess, ot 
fuii6t16fr~Hy eq~va1eht co1furt1.1nic~tionmeasures that ate sufficieitt to give notice to 
the public 'thatthe coastalreci-eation waters are not meeting or are not expected to 
meet applicable water quality stanqards for J?~thogens and. pathogen i11dicators; and 

(7) rneast~res that h:tfonn the public o:fthe potential risks associated with water 
cohtact activitles in the coastal recreati011 watets that do 11ot meet applicable water 
qmility sta1idards. · · 

(d) Feoel'al Agep.cy Ptograms.-Not later than3 years after the date of the enactment of 
this secti01i, each Fedeta1 agency that has jurisdictioi1 over coastal recreation waters 
adjacent to beaches or similar )Joints of ~ccess that are used by the p~blic shall develop and 
implement, thtough a process that provides for public notice and an opportunity for 
comment, a 1flo11itoring and 1iotification programfot the coastal recreation waters that-

(1) prdteqts the public health and safety; 

-·· J2) ~_consist~~~ith_tg~E_~:£f~l:t_J?._a].~C_e_~r_i!eri~_E_l:"!~J~hec!_~~~!-~u_!:J~~~!!911Ja); 

(3) includes a completed repol't on the inforination specified in subsection 
(b )(3)(A), to be submitted. to the Achnitrlstt~tot; a11d . 

(4) addresses the matters specified in subsection (c). 
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(e) D.atabase.-The Administrator shall establish, maintain, and make availableto the 
public by electronic and other means a national coastal recreation water pollution 
occmrence database that provides-

(!) the data reported to the Administrator under subsections (b )(3)(A)(i) and (d)(3); 
and · 

(2) other information concerning pathogens and pa:thogen indicators in coastal 
recreation waters that-,-

(A) is made available to the Administrator by a State or local government, 
from a coastal water quality monitoring program ofthe State orlocal 
gove1TUnenr; and · 

(B) the Administrator detennines should be included, 

(f) Techilic.al Assistance for Monitoring Floatable Material.~ The Administrate~ shai~ • 
provide teclmicalassistance to .States and loca1govemments for the develop.rn~n:t of 
assessment and monitoring procedures for floatable material to.protectpub11chealt11 a1id 
safety iri coastal recreation waters. . . . . 

(g) List ofWaters.-'-

. (1) InGen~raL;-Beginning JIOt later than 18 months a.ftefthe date.ofpublitatiort· 
ofperfopn~nc~criteria ~nder •subsectiot1 (a), .basedo.l1 i~fqrill~tio1lrjladeayailab1e . 
to thyACfrpinistrator, the Admi11istrafor shall igerrti£5:,' ~11d rii~infain~list of, discrete 
coastatrecreation waters adjacent to beaches Or similar poi11ts ?facc~ss'tllat arc; . 
used by ti1e p~blicthat--'-o ·· · · ··. · ··· · · ·. ·. ·. ·· · .· . .. · .. · · · · 

(A) speciflesan"y 0atersclescribe.d·in this paragra:pi{thatat~csubjkct t61ia 
rnonitorii1g· and iiotffication prograni consiste~1f withthe.pet~()nnance·. 
criferla• establ1'sheci under siibsedioi.l {a); and . . . ·.. . .... 

(B) specifies a~y;\Vat~rsdescribed in this para~rallhfor'Yhibhthefe is~~o 
.... mblTitcn'ingand gotification Phi gr~m (including \va&r~· -f~r ~hich frscii ' ' .. 

constraints wi11 preyeritthe· State orthe.Admip.istrator .frdm .perfolJ1li11g 
monitoring. and 11otification consistent with the performance criteria 
establishedlillder subsection(a)). · 

(2) Availability.~ The Administrator shall make the list described in paragraph (1) 
available. to ti1e public through-. 

(A) priblicatio~1 i1i the Federal Register; and 

(B) electronic media. 

(3) Updates.-The :Administrator shall update the list described in paragraph (1) 
perioditally as new info:rmatidn becomes avaUab1e. 

(h) EPA Implementation.-In the case of a. State that.has no program for.monitoring.and 
notification that is consistent with the performance criteria published under subsection (a) 

··-·after·tn.e-lascday,..oHJ:re-3yea.t-petioa·beglimin:g·o11-tJ:re-date·on:whicnthe-Administrator-lists 
waters iri the State under subsection (g)(l)(B), ti1e Administrator shall conduct a monitoring 
and notification program for the listed waters based on a priority ranking established by the 
Administrator using funds ·appropriated for grants under subsection (i)-

(1) to conduct monitoring and notification; and 



) 

) 

· Mny.4002 

(2) fiD1'tblat~G1 .sa1arles, eipenses;. and travel. 

(i) Authorization ofAppropdahorts."-7There is authoriz~Cld to be ~ppropriated for making 
grallts tmder StJbsection (b); incl:udiilg ll11Iilementation of1i1onitori11g mid notification 
pl·QgrapMiby the Acht1h1isttatoi·tinder sttbsectiou (h), $30,000,000 for each of :fiscal years 
2001 through 2005. 

SECTION 5. DEFINITIONS. , 
Section 502: of the Fedel'~l Water :Polhttion Cm'l.ttol Act (33 U.$.C. 1362) is amended by adding at the end 
t6e followi11g: · · 

I 

(21) Coastal ~ec~·eation Watets.-

(A), .ln Geu~t·al~-'-fhetettn 'cdastalrecreatioh waters' me~s
.(D the. Pr~atLal):{;)s; .. an.& 

; 

(ii) 1rti:Ld11e .coast~l.Watells (hl.cludh1g coastal ·estUaries) that are designated 
unclet;,secti:611. 303;(c)by a·Eltate fm 1.1se for swimming; ·b.athing, surfing, or 
silnila:r water contact activities. 

·(B) Excll.t~ions.7'the term 'ooasta1 te01:E!ation waters' does not include-
.. .. (i) ihi1m1d ~ater§~;· or · . . ·. . . 

i' .. 

(il) :yvaters 'qpstreain ofthe rhouth of a river Or sti•eam having an Un
hrtpaited 1iatui:al ·connection with the ·open sea. 

. ' ' 

(22) Float~ble lYbte:d~I.--

(A~ ln Gen~taL=-The tel,'J;n 'f1oata]}le ma:tetial' means any foreign matter that may 
float otrMnain susjDeitcled·nlthe water colmmi. 

'. 

(IB) Ii\chlsiotis! .ltik.t~i'tn 'floatable rriat¢da1; hwludes-
<- - ;;---·,-, ·;' :,:- "• ". ".- "-"' • ' ' 

(i) plastic; 

(H) ahtthinum cans; 

(iii) wood products; 

(iv) bottles; and 

(v) paper:prod11cts. 

(23) Pathogen lndicato:t.-The term 'pathogen i11dicatol'' means a substance that 
indicates the potential fd'r hrunatl irt~ectious disease, 

'SECTION 6. INDIAN TRIBES, 
Seotio11 5l:·S(e) ofthe Fedet~l'Water Pollution Control Act (33 U.S.C 1377(e)) is amended by striking "and 
404-'' ancl inserting-:<'404,-ancl406'-'. 

SECTION 7. REPORT. 
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(a) In GeneraL-Not later thanA yeftrs after the date of the el1actment of this. Act, and every 4 
years thereafter, the Administrator of the Environm~ntal Protection Agency shall submit to · 
Congress a report that includes-

(1) recommendations concerning the need foradditional water quality-criteria for pathogens 
and pathog~n.indicators and other actions that should'be taken to improve the qu-ality of 
coastal recreation waters; 

(2) an: evaluation ofF ederal, State, and local efforts to itnpleinent this Act, inCluding the 
amendments made bythisAct; and · 

(3) r.e6ommendations on improvements to methodologies and techniques for monitoring of · 
cqastal recreation waters. . . 

(b) Coordination.-The Adp:J.inistr.ator of the Environmen:talProtecticm Agency may coordinate· .. 
the reportunder: this section with other reporting reqmTement~' under the Federal Water Pollution 
ControlAct (33 U.S;C. 1251 et seq:). . , 



) 

Appen~ix Jl; Summary ofEpidemiological Research CoJiducted Sh1ce 1984 
' . ' ' ' ' ' ' . . ' . ' .-. ' : . ~ 

A recent rc;lview by Pruss1 of aU studies ·sinqe 19 53 that pxamined the relatimi.ship between 
S"fhi1Ii1ing..;a~so~iated gastroe11t~ritis ~uid watel' qu&lity, indicated that11ine separate marine studies and 
at'least two ftesh watei' studies were eonducted since the EPA studies were coi11pleted in1984. In 
this review, each ofthe later st\!ldies is S1.11nmarized with.regatd to the size ofthe sh1dy, study design, 
water quality irtdi.cator bacteriameas"t:lred, and the results of.thestudy with te.spect to gastrointestinal 
i11~1ess. Sol'ne of the Si'i.ldies lookedoilly at whether·al\ assGCiation existed between swiniming and 
illness at apollutec1 beach 01; a "11011.~polluted oea,ch, while other studiesattenwted to detennine the 
tdationship betwee11 increashig·levds ()fpoor wMer quality and tl1e level~ .ofg~~irointestinal illness 
associated with those hicreases~ This review does not add.ress ·studies that examined non-enteric 
illni:lsses or1ilf~otiops wuielated tog~sti;oi~ltestiiJal'd-is~ase~ ·The httcm:t'-of.tb.e.rev±ew is to carefully 
exati1hie a11 ofthe studies conducted En.tbseqtienti6the EPA studies and to deten.Tiil1e ifthey have a 
significant inJ1]'acton the current water quality criteria fot baCteria recommended by the Agency. 

Marine Water Studies 

In 19 87, Fattal et al. 2 reported on a sti.I~y of health and sWimming conducted at beaches near 
Tel~A viv:, IsraeL, The study design wa~ the same that used by EPA. (hi tliose stUdies described here 
using the sari1e desigh as-tii.e epidemioiogical studies conductedby EPA in support of its 1986 water 
quality criteria for bactel'ia l'ecohlnien:dations, it wiil state that. the EPA design was used rather than 
desciibhig it ii1 4etail each time.) · :Seach water qttality wa:s 'n~easured using fecal ooliforms, 
enterococci, ·atid E. coli. Three beaches with different waterq1Jalities were studied. Syi.nptoins' 
among bathers were analyzed according to high and low categories ofba.ctetiai.indicator densities in 
the seawater,. The High and low categories for fecal colifornis were above' and below 50 colony 
forming units fcfu )per 100 ml. The lhnits for enterococci and E. coli were 24 cfu per l00ml. Excess 
illiie~syyas 0b,serve~ gnly inswimtriets 0-4y~~rs ol~ atlow c~:ttegqties 6Jtll:¢iiid~9atots. Significant 
differences in illness rates between swimmers and non-swinrners occ1.11Ted only at high indicator 
densiti~s. Enterococci were the most predictive indicator for e1iteric dis~ase symptoms. 

In 1990, Cheung and his co-workers3 reported on a health effects study relatedto beach water 
pollL1tion. in Hong Kong. The basic BP A design was u:sed in. condupting this investigation. Nine 
microbial indicators were exa1nined as potei1t!ally useful meastu·es ofwater quallty. They included 
fecal colifonns; .J?. coli, Klebsiella spp., fe6alstteptocoooi, etJ.tetodocci; staphyiococci, Pseudomonas 
aeruginosa, Candida a1bicans, and total fungi. The sti.Idy was carried oufatnine beaches that were 
polluted either,by human sewage discharged from a s:Ubni.adne outfall or carried by stonn water drains 
into the beaches. two of the beaches were contatriinated n1ainlyny livestock wastes. Apptoxirpately 
nittetee11 thotis~J:tid usable responses were obtained, of which about 77% were from sw'iiiniiers. The 
ente1·o cGoci Q.e1lsities atthe bead+es ranged ftotn ~ 1 to 248 ofu pet .l 0 0 mi. The 1'~li1ge for E .. oo li was 
from 69 to 1,714 cfu per 100 ml. The o.Vera11 gastrointestinal ilhiess rates were significantly higher 

·-·-in switnmers iliai1 in non-sWiiTI:fi:lers. ,..CliilClreiJ. ufillerTOyears ola-wer.e more liKely toeXlii15it 
gasttointestinal illness (GI) and highly credible gastmin~estinal illness (HCGI) symptoms than 
individuals older than 10 years. The best relationship between a microbial indicator density and 
swirtlming ... associated health effects ·was between E. colt and HCGI. 
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Health risks associated with bathing in sea water in the United Kingdom were described by 
Balarajan et al. 4 in 1991. This study also used the EPA design for their trials. The study was 
conducted at one beach whereJ;883 individuals participated (1,044 bathers and 839 non-bathers). 
The methods used to measure water quality were n:ot given. Ratios of illness in swimmers to non
swimmers were developed. The rate of gastrointestinal illness was found to be significantly greater 
in bathers than in non-bathers. The risk of illness increased with the degree of exposure, ranging from 
1.25 in waders, 1.31 in swimmers, to 1.81 in surfers or divers. The authors concluded that the 
increase was indicative of a dose-response relationship. 

' ' 
: ' 1,•, ',.'. '·. -' 

Von Schimding and others5 conducteda study to determine the relationship betweeli · 
swimming-associated illness and- the quality of bathing beach waters. A series of discrete, 
prospective trials was carried out at are1ativelycleanandamoderately polluted beach following the 
methodology used in the EPA studies: The beaches were situated on the Atlantic coast of South 

·Africa. The .moderately polluted beach was affected by septic tank overflows, storm water run-off, .. 
and feces-contaminated river water~. A number ofpotential indicator organisms were measured 
including enterococci, fecal coliforms, coliphages, staphylococci, and F:-male-speCific bacteria:. 
phages. A total of 1, 024 people were contacted, of whom 733 comprised the final study population:' .... 
The moderately pollut~d beach was characterized by fecal coliforms and enterococci. The medial).'· . 
fecal coliform density was n cfu per JQOmUmdthe rile dian entetoc6c;ci density yvas 52 cfup~r 1 QO 
·mL The rne~ian fecal coliforn1 ~<1 enteropocci densities attherelative1Jslean beach;were·8 a]Jd2 
. cfu per 1.00 rnl, respectiyely. The,rates forg~stroinfestinal symptom~ wep~ appreciably liighe~ fgr' ' 
swinm1erstnan non~swim1llers at the !Ilor~pollu~~Q.l:Jea(;hascornparect with the less polluted.beacA,\ · ....... . 
butthe differences were not statisticallysi~nifica!1t, eitherfo:r childr~~less than ten years of age OF 
for ·adults .. The 1ackofstatistical significaiic{may have been due in part to the uri certain sources.()f 
fecal contamination. ' . ... ' . . .· . . ' ,, :, . . '. ' 

·. ~!11993,Corbettetal.6 conducteda.st~dyt0deJermineth~~healthrisks·6fs\\Tinuningatoceart·' 
· ····head1es. in~yd!}ey; Australia. '•Th~'.studYl~se~ .'(~es·~~I,ls1igl)_t1Tmogifiedfrbmthe EPA approacH:; 
First;n:o·6nel.lader:the.age·ofl5.wastecniit~df~rt4estudyand~sec;o:rid,inultiplesamples~eretal<:eri 
~tthe tim~.of swimming activity~ The.inclus~oirof.fainiliesandsocial ~rol1ps wasminimii~d. Water 
quality was measured using fecai colifonns·an(ffecalstreptococci. ···AtotaJ of2;8691ndividuals 
partidpatecl in the study. Oftliis .. group,.32.2%reported that they.did not swim. In·•general, 
gastrointestinal symptoms .in S\Yilnmers did not increase with· increasing courits of fecal bacteria.· 
However,, fecal streptococci were worse predictors of swirnrning~associated illness thaD. fecal 
coliforn1s. ··· Although n:o relationship was observed between the 1neasured indicators and 
gastrointestinal illness,. swimmers who swam for more than 3 0 minutes were 4.6 times more likely to 
develop gastrointestinal symptoms tllan were those that swam for less than 3 0 minutes. The lack of 
a relationship between increasing fecal'coliform densities and gastrointestina~ symptoms was similar 
to results noted in the. EPA marine and freshwater studies where increasing illness rates were not 
ass()Ciafedwith il1creasing•fecal colifomldensities. '· ... .. 

In 1994, Kay et al.7 conducted a series of four trials atbathing beaches in: the United Kingdom 
to examine the relationship between swimming-associated illness and water quality. The design of 
this study differed from previous studies in that the study population was selected prior to each trial. 
On the trial date, half of the participants were randomly assigned to be swimmers, with.the remaining 
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. . . 
patticirYunts weJ'e i1biil-swithm.ets. Each swh1uJ1er SWain·in a desig11ated are~rthat was monitored by 
taldng a sample eve1)' 30 1nitmtes. Satnples ·wel!e attulyzed for total ~rnd fecalcoliforms, fecal 
streptococci, Pseudomonas aeruginosa, ·and total staphylococci. The total i1t.mi.ber·ofparticipmits· in 
the sttldy was 1,112, Of which 40% 'were selected as swit11inei·s. All of the study vohtnteets were 
older than 18 years of age. Analysis of the data indicated that the rates of gastroenteritis were 
significantly i1igher in the sWiinmii1g group than in the 11on-swhmuh1g gtot.1p. Only fecal strej:>tooocci 
showed a·signifrca~It dosec-nispoli.Se 1:elatio11Ship with gastroe11teritis. The analysis suggested that the 
risk of gastroentedtis did not increase until bathe1·s were exposed to about 40 streptococci per 100 
tnl. . 

!I~ 199 5, Kueh et aLa reported.a secoi1d study conducted· at :Fio11g Koiig beaches. Only two 
b~acheswete ex:an1ined h1 the segond study, rather thai1 the nine beach~·s exathined hi'the 19fJO J-loi1g 

·· I(cmg study, Th~ S'tt):~yclesign fot coLlecting health data was si~nil~rto that follovied in- the EPA 
studies;· The ages ofstudyprutic{pants tm~gM from lOto 49 .Years 0fage~ Ui1like the EPA studies, 
follow-"up teiepllotie c~lls were1,11addw9 days after .the swhrimin,g event rAther than seveii tolO days. 
~J~otheraspect ofthe Hong Kong,stu6y differing fronithe EPA sh1dies was the collectioii of clinical 
specimens .fron1 ill participants \¥ith thei}: 6o;riscm,t. $tool speCimens were a11alyzed forRota'V'}fus, 
Salmonella spp., Shigella spp;,, Vibrto·spp., andAePon1orlas Spp. Throat swabs were exalnhieclfor 
rn±il.tenzaA aiid l3; Par:ahif14ei1Za yiriiS types 1, 2 au<;! 3; Respiratory Syncytial Virus, andA~eriovii-'\is. 
W'aJer, samples were ex~nhined f6t· B doli:, fecal coliforl;HS, staphylococci, Aetomo1ws spp., 
Clo.stridium perfringens, Vibrio cholera, Vibi'io pai-ahemolyticus; Vibrio Yufnificirs, Saltnoneila 
sp.p.; and. Shigella spp. A total.of 1.8,122 individuals participated in fhe studY, Although the levels 
ofiiiclicatG>r degsities. were not repOrted foi· the heClches,. the gastrdiitestinal illness rates Were 
sigi1.ificantly higher at the inol'e poilutedbeach. Thisstqdy did riot fi11d a relatioiiship betweetJ.-E.' coli 
and swirnming~ass<;>ciatedilliwss as had be~tt found in the original B:ong Koi1g study. This J,iiiayliave 
been, as pointed O\ltby the authors, due to the faotth~t onlyfW~ beaches were examil'tedratherfhan 
nilie; The caiiseoftlie infections could not be ascertained from the clinical speoime11scibtainedfrortt if1·individua1s.' · · · ·· •-·· · · · •· · '· · .. · • ·· ·. . -· ... ·. · . · . ; .- . . . ·- ... ·. - · - -

Ii1 1998, McBtide et al, 9 reported prosp~ctive epidemiological stUdies on the po·ssible health 
effects frolil sea bathiitg at seven New Zealand beaches. Atotai of 1,51T and 2;3o7 non-swhnmers 
participated liHhe studies. Althougl1.the EPA stucl.y design was ·used.; ~twas slightly modified in that 
follow~up interviews were conduotec1thteeto five days after the swhiuning eventrather than the seven 
to 10 daysused in thelJ.S, studies. Fecal colif'ortns, E. coli; and enterococci were u~edto ineastire 
water quality. The resu1ts ofthe study showed that enterooo'oci were inost strong1y and cons!siently 
associated with illness risk for the expo-sed groups. Risk diffeJ?~ilces between swhnmers. and non
-swimmers were significantly increased if swimmers stay~d in the water for 1nore than30 friinutes as 
contpated to those in the water less than 30 niinutes. The risk differeiibes wete slightly greater for 
paddlers than for swittnuets. 

· - --'The-mostrecent·study-ofpossible adverse health"effeots-assooiatedwith-swimming;imnarine 
waters was_con~.ucted at beaches 'bil Santa Monica Bay, California, by Halle and otht?rs. 10 The· 
objective of this study was to detennine if excess swiJ11il1ing.:.assodated illness could be observed in 
swirtn1ters exposed. to waters receiving discharges :from a storm ch:ain. The study design wa~ patterned 
after the U.S. EPA studies. Water samples were taken at ankle depth and collected from sites at the 
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storm drain, 100 yards up-coast, and 100 yards down-coast. Samples were also collected 400 yards 
up-:coast or down-coast of the storm drain, depending on which location would be used as a control 
area. The samples were analyzed for total coliforms, fecal.coliforms, enterococci, and E. coli. One· 
sample was collected each Friday, Saturday, and Sunday during the study period at the mouth ofthe 
storm drain and analyzed for enteric viruses. Subjects of all ages participatedin the study. A total 
of 11,686 subjects volunteered to take part in the study. The results of the study with regard to 
associations betweenbacterial indicators and health outcomes were presented in terms.ofthresholds 
of bacterial densities, whichwere somewhat arbitrarily chosen. No positive associations, as 
measured by risk ratios; were observed for E. coli at bacterial density thresholds of3 5 and 70 cfuper 
100 ml. A less arbitrary analysis using·a continuous model sho.wed rpore positive associations, 
especially for enterococ.ci: The model for enterococci indicatedpositive associations withfever, skin 
rash, nausea, diarrhea, stomachpain, coughing, rmmy nose, andhighlycrediblegastrointestinal illness: 
The associations 9f symptoms with indicators were veryweakin the case of K coli and feca:l 
coliforms. Howeve~; the authors found that the total coliform tO fecal coliform ratio was very 
iuformatiye. Using.aratio .. of5.0as. a threshold, .diarrhea and highly~iedible gastrointestinal illness 
were .associated with a lower totalcoliform to fecalcoliforinratiq Tegardless of the absolute level, 
offecal.coliforms, Whentheiranalysiswas restricted to. subjectswherethetotal co1ifonns exceeded: 
5, oob .c:fu pey 1 oo !nl, sigrii:ficant}yhigherris~.s .Yfere aetectedf~rrpostoJltcomes .. · One ofthe gel1~ral · 
concJusiopsofthe·stlldywisth~texcessgastrointestigalillnessis:assoc:iatedwithswirpillill~in.:feces-
polh.ited,bathing water: . . . . . . . ' . . . 

Fresiz Water Studies 

In· .. 1Q85,, ~eyfried, .• et aLl}.reportep Q11·· .. 11. •. P,I~§p~ctive.~n~q.e¢io,l9.gic.al study. ofs\Vfnilhing~ 
asso.ciaty(iillnessin. Canada,. 1]hese .. 1nvestig1).tiol1s~se4.Jlie J?,PA_'Wethqgplogyin c~i11g out.·t~e 
~~sly ...•...• W~.t~~.q~~lity .•.. ;Y~~ ·~~.~~~red.W:~th;t~ef?JfoW1rig:~~ct~tJ~li#4ic~tpr§of_~)Yi#im}11g.-.vy~ter .. 

·····qualitY: .• 'fecal colifoiills;'fecat sH~ptbc~c6i,l1~terotropb.ic bacfena,'l(sef!dbmonas. ~eruginosa;and ,,. 
total s'taphylococci. A total of 4,53 7 ·individualS .participated inth~ study, Of which 2;743 wete 

. S\Vl!llil1ers aiid 1, 7 94 \yyte .• lloll--swimrri~rs' .•. · S\\JiJnrliers were fo:u,Tid to .l:l.ave significa*tlY high~r 
gash·ointestinalilll1ess rates th~rtnon-SWiiTirhers,and swi$n~rSllil(ierfli~~g~ of lq had substantially 
higher rates than swimmers ·ro. and older. Logistieregression analysis was performe4 to determine 
the best relation~hlp between water CJ.uaJity indicators.a!id swin:unin.g-asso.ciated illness . .A small 
degree ofcorrelation W!3-S observedbetweenfecaLstreptoc~ccia,ndgastrointestinal illness. The best 
correlation was :between gastr0i:iitestilia1 ill:iiess and staphylococcus densities. 

In 1989.,Ferl~y etal. 12 described an epidemiological study conducted inFrancethat examined 
health effects associated with swimming in a freshwater river. A total of 5,737 individuals 
participate4in the study. JJ:leq,uality ()fthe water \Vas me~sured 1Jy a§sa:Ji!lg,f()r,fecal colif()I111s,fe()al 
streptococci, and Pseudomonas aeruginosa. The study design for collecting health data was unique. 

---The-maximum-lateliey~period-for-the-illness-categery-group;;ce-X:amined~in-this-study-wastillee:days. 

Illnesses occurring during the course 9fthe study were assigned to the nearest day within the latency 
period on which a sample was taken. A weighted linear regression was performed to relate 
gastr-qintestinal morbidity incidence rates to different levels of exposure to indicator bacte:J:ia. 
Siguificant excess gastrointestinal illness was observecfin swimmers. Furthermore, regression of 
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gaWoh1testltial illness .inddenoe :to.·the· ~o1wehtratipn pf inClicator o:~;g~pi~m{l· ~howed .a good 
telati6l1ship between switnrnh1g:;~sso.oiated illness fe>rboth fecal ooliforins .and fecal streptococci. 
The strongestoorrelations occurreClbetweeii ilioiclet'lCeJ·ates of acute gastrointestinal disease·ancj.f~val 
stteptococ.oi der).sities. The authors iildiqated thM their ddinition of fecal stl'eptococci es~entially 
iilcluded what tlw EPA Shldies call enteroc.oo9i. · 
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Summary of~esearch Conducte,d,~iil~el984r 

Researcher I Year Location 

Fattal et al.2 11987 Isi·ael 

Cheung et al.3 I 1990 Horig'Kong 

Type ofWliter 'l·l\1i~J:?o.~~ariist~s 
· Evaluated: 

Mariiie 

Marine 

:·Fecal: co iiforms 

lF~<::atcolif6rtns 
E, coli. 
Kleb~ie!!Cr~pp. 
Eriterococci' 

,. Staphylococci 
. __ •. _

1

. __ ._Fecal_ .• ___ ~;tr_e_ 'pt. o'~occ. i_ 

· Pseiidomoi1as aeruginosa 
· Candid~{a!l)bins 

Balarajan et al.4 I 1991 

Von Schirndii1g I 1992 
et al. 5 

Corbett eta!. 6 !I 1993 

76 

United Kingdom I Marine 

South Africa I Marine 
(Atlantic coast) 

Sydney, I Marine. 
Australia 

. 

· To(abfm1gi 
,.,; .. <:',_ 

Unknown 

.Enterococci 
'Fecal couianns 

. ~Col-iphage;·. 

'Staphylococci 
F"malecspecl.fic 
bacteri()plui~~s · 

•. Fecal colifo"iins • . 
· Fecal.-str~ft<ico<_>ci 

-

· JRelev~nt Findings 

•. Enterococci were the Inostpredictive indicator for 
enteric disease. symptoms 

• · Best relatiohship ,between a microbial indicator density 
and switnniing-'associated health effects was between E. 
coli and highly _credible gastrointestinal illness. 

. ' - . 

··-· Risk of ill;1ess if1creased with degtee of exposure. If 
. the non'-exposed _population risk tanked at 1, risk 
·)ncrea'sed to 1.25 for waders, -1.3 1 for swimmers, and 
un in surfers or divers. 

• Uncertainty in sources of fecal contamination may 
explain lack of statistically significant rates of illness 

·I bet~een swimmers and non-swimmers. 

-~-·:~.Gastrointestinal symptoms in swimmers did not 
L increase with increasing counts of fecal bacteria. 

, • Counts offecal streptococci were worse predictors of 
swimming;~~ssociated illness tlmi fecal coliforn1s . 

:i 

·) 

, . 
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I 
I . : ·. . . . ·. Summarr of;Res:earch· €onductedSince 1984 

· Researcher Year I Location ·Type ofWater,l' l\1i€r.ootganisms 
•. Evaluated 

Kay et al.7 1994 I United Kingdom I Marine 

Kuehetal.8 1~195 f Hong Kong Marine 

i: 

I. 
McBride etal.9

, I 1998 I New:Zfaland Marine 

I'otaJ. collfonns 
Fecal coliforms 

; Fecal streptococci 
.•·Pseudomonas aeruginosa 
.. TotaLstaphylococci 

E .. coli 
FeG"aL colifortns 
Staphylococci 

. Aeromonas·spp, 
¢iostridiu~perfiingens 
Kibtio cholera' · · 
Vibr!o parahemolyticus 
Sdlinonella spp, 

' Shigella spp: 

• FecaLcoliforms 
H coli 

. Enterococci 

l Relevant Findings 

· • Only fecalstreJ!tococciwereass_ociated with increased 
rates .of gastroenteritis, 

• Risk of gastroenteritis did not increase un111 bathers 
w~re.exnos¢d'to aboilt40fecalstreptococci per 100 
mk 

• A~so ~nalyzedstoolspeclineris forrotavfrus, 
Salii16nella~ppc; Shfgellasppc, Vib1io spp., and 
Aero71io7itls •spp:; tbroaeswabs for Influenza A and 'B; 
l'arailiflilenz~Vili:ts types i,2, and 3; Respiratory 

.1 SyncytiaEVirus; andAdenovirus .. 

Did not fi.Ii.d a relationship between E. coli and 
swiiJ;lmingc.associated illness [possibly due to low 
nunibet of b~aches !Jampled (only two )J. 

• Enter,pcocci were moSt strongly and consistently asso
ciate.d With illriess risk: for the exposed groups. 

• Riskdifferences significantly greater between 
swinm:rers and non~swifumers if.swimmers remained in . 
waterformore thatr30minutes. 
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Summary ofiResearch ConductedSince 1984 

Researcher !I Year I Location I Typ~ onVat<~l:' 

Haile et al. 10 1996 I California, USA J. Marine 

Seyfriedet al. 11 [I l985 Canada Fresh 

Ferley.et al. 12 1989 I France Fresh 
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c-..._ ---/ ' .. __ .~-' 

M:icfoorgariisms 
Evaluated 

1 ~:r6tal :coliforti1s 
.;Fec~i ~blifoi1~1s 
"Et1temcocci 
E. coli 

. Fecal colifonns 
Fecal streptococCi 
•Heterotrophic.bact~ria 

' f!seuc/Onwnas aertrginosa 
· Tqtalsta1Jh.yloc6cci · 

·.~ecalcolifoims . 
· fecal streptococci . 
Psettdt)11ionas aei-uginosa. 

I 

. ,__ 

.Mm, 2flfl2 

~ Relevant Findings 

... 

. Results for erlteroc;occi indicate positive associations 
wlthfever; skiit rash; nausea, diarrhea, stcimach pain, . 
coughing, rum~y nose; and highly credible gastroc 
intestinal illness. 

Association of symptotns \vith both E. coli and fecal 
collfdnns were very weak. . 

Totai coliform to fecal colif01m ratio very infom1ative 
.~below the cutpoint of 5.0, diarrhea and highly · 
credible gastrointestinal illness were associated with a 
.lower ratio regardless of the absolute level of fecal 
· c6lif01ms. 

Small degree of COiTelation observed betweeil fecal 
streptococci,and gastrointestinal illness. 

• . Best correlation Was betWeen gastrointestinal illnesS · 
andstaphylococcus densities . 

• In this study, the definitiort of fecal streptococci is 
essentially the same as the U.S. definition of 
enterococci. 

I • Good relationship betweeti swimming associated 
illness and fecal colifori11 and fecal strepto.cocci 
concentrations. 

... 

Strongest relationship was between gastmintestinal 
disease artd fecal streptococci densities . 

\ 

i. 
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Appendix C: Sample Calculations of E. Coli/Enterococci Water Quality 
Criteria Associated with Different Risk Levels 

Table B.l EPA's Recommended 1986 Water Quality Criteria for Bacteria 
Single Sample Maximum Ailqwable Density 

indicator Illness Rate Geometric Designated Moder~te Full Lightly. Used hifrequenUy 
(per 1000) Mean Density l3each Are<t Body Cont11ct Full Body Con- Used Full Body 

7~% c.L.~ Recreation 82% tact Contact 
C.L. 90% c·.L 95% C.L. 

reshwater 
enterococci 8 33 62 78 107 151 

E. coli B 126 235 298 410 576 

marine water 
en\erococoi 19 35 104 158 276 501 

*C.L . ., cohfide!lC~ level. While.niore appropriately referred to as "percentiles'', these values were originally described as 
"coilfidenc¢ levels" in EPA's 1986 criteria document, 

Source: USEPA, 1986. 

R~gi·ession Equations Used to Calculate Geometric Mean Density: . . " . . 

.. FreshWater 
E. coli: 

Enterococci: 

Marine Water 
Enterococci: 

log (gemnetri~mec!ll) = (0.1064 x illness rate)+ 1.249 

log (geometric mean)= (0.1064 x illness rate)+ 0.668 

' 
log (geometric mea~1) = (0.0827 x illness rate)- 0.0164 

Equations Used to Calculate Single Sample Maximum Values: 

Log (SSM)= (Log (Geometric Mean Value))+ ((Co11fidence Level Factor) x (Log Standard Deviation)) 

Confidence Level Factors: 

Log ·standard Deviation: 

75% = 0.68 
82% = 0.94 
90% = 1.28 
95%::::: 1.65 

Freshwater= 0.4 
Marine Water= 0.7 
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Water Quality Criteria for Bacteria for Fresh Recreational Waters 

82 

Enterococci 'Criteria 

Illness Rate Geometric Designated Beach 
(per 1000) Mean Density Area 75% C.L. 

8 33 62 

9 42 .79 

10 54 100 

11 69 128 
. ' 

12 
I 

88 1.64 
'·' 

13 112 209 

14 144 267 
. . 

' ' . . 

E. coli .. Criteria.· 

iifness··Rate 
·· (per to9o) 

qe~orn~tric ··'·D.~~i9nated•se~ch 
.. Mee~t:~.D~nsity · ... Are~75f/~ C.L. 

Single Sample Maximum Allowable Density 

Moderate Full Boqy Lightly Used Full Infrequently Used 
Contact Recreation Body Contact Full Body ·c.ontact 

82% C.L. 90% C.L. 95% C:L. 

78 107 151 

100 137 193 

128 175 246 . 

' 
163 224 315 .·· 

208 .286 402 
,, 

266 365 514 .. I 
. '• .' 

:· .. · ·: 

340 467 .. 656 .· 
'· 

,, . 

Single s.am.ple .... ·.Maximum ,A;I,Iow .. abl~ D .... e. n~ity . : ·.·· ·li · 
·.·. , ';:.'· .. · · .. · , .';. I:·' 

lr1freqtientiY~~-sed .•. •It; , 
F~H J3o~y Cont~ct ·· I•• ·'. 

'Modere~te Euii'!39Ciy · . 
cont~c;t Recreation. 

82%·C:L. 
.... . · 

487 

381 

487 

622 

795 

1016 

1298 

··Lightly UseCI FuJI·'·. 
. Body contact . 

9o%c:L,·· 
· ... ; ........ , ... 
6.69 

524'. 

669 

855 
·. 

10~2 

. 1396 

1.783 

.. · .·· .. 95y •. q.L .. :·.. ... 1.• . 
• , -·~ ....... ·.·' .,· ,: .·, .. , ! ... ,.;..,,, • 

576 

.736 

941 

1202 

1536 

1962 

250.7 
' 

.i 
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W~tet Quality Criteria forHacte't:ia fo.r Marine Re~tea:tional Waters 

Enterococci CJ;iteria 

Illness Rate 
(per 1000) 

8 

9 

10 

11 
12 
13 
14 
15 .. 

\: 
I;' 

.. . · .. :16 ' .. J ' 

19' . ··.·' 

Ge.ometrlc 
iVJelln.Penslty 

5 

6 

24 

' . 

_,,, Single Sample Maximum Allowable Pensity 

Designated l3¢a¢h Moderate F~IISody. L,lghtly Used Full 
Area 75% C;J.. Contact .Recreation Sody Contact 

82"(o C;L. 90% C,L. 

1S 20 34 
16 24 42 
19 29 50 

'23 ' .. 3.5 61. ' 
28 

•,_,. •·---•\.;c.,;,, J .. 
ss·.··· 51 
40 61 
49'. 

.. 74 129 
(59 .· 

·. 90 ' .. . .· 1.56 ., ' 

108 ..... ·. . 189 
86•' 228' 

158 

Infrequently U~ed 
Full 13ody Contact 

95% c.L. 

. 63 

.. 91 

133 

161 
195 

2~4·· . 

34~. 

,. 501 
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Appendix D: Summary of Water Quality Criteria for Bacteria Adopted by 
State.s, Authorized Tribes, and Territories · · · 

STATES 

Regionl 

Connecticl1t 

Maine 

84 

WATER QUALITY CRITERIA1 . 

Inland,. coastal and marine surface waters 
(A/SA and B/SBJorenteroc.ocd): · · 
GM =33cfu/100ml · 
S.M .. =; 6lcfu/100.mf 

Freshwater.(£. coil).· 
· · ClassB: 

GM =64 cfu/lOOnil 
... S.M. = 427 c:fu/10.0 1111 

Class C: 
GM = 142 cfb/lOOn1T 
S:M. = 949 cfu/100 nll 

' ' : . . ' ' .. . ~ . 
,· ·:·":', .. 

··Marine :Watef~ (~rithococci) 
ClassSB , ' ' · · · 
GM == 8du/lbOiri1 
s.M:. = 54 c:fuiiotY 

.. ,:Ciass:ss .. ·. , > 
GN£=~4du/l.00'rril 
s~M. =; 94 cfuJJOO .. 

Class.B 
GM = 126 .cfu/100rnl 
S.M. :,;406 cfu!lOO 1nl 
Cl~ss B (beaches) 
GM."= 47 cfUJJ001UI 
S.M. =88 cfu/lOOml 

Min'ine Waters (enterococci) 
Class A · 
GM = 35 cfu!lOO.ml 
S:M.. == 104 c:fu/100, for "beaches" S.M.= 88 
cfu/100 
Class B 
GM = 35 cfu/100m1 
S:M.-=·J04cfutl00,-for"beache-s"-S:M~=88-- ·-
cfu/100 .... ·· · 

COMMENTS 

Enterococci criteria do not apply to 
all primary contact recreation waters, 
only established bathin,g waters. 

Seasonal. for both Class SB and SC: 
May 15"Sept 30 
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STATES 
I 

Vermont 

New Jersey 

PR 

~¢gion Jli 

Delawal'e 

Region IV 

Tennessee 

Region V 

Indiana 

Michigan 

Gla~s ,A (E. colT) 
S.IVL -~ :18 .¢f\!!1100 '(.S; coli) 

' I ,, 

Cla$s J3 (E. co/(,) 
S .M: = 77 -~fu/1 00 (E_. 9oli) 

:,, . \ 

.Fresh waters (enterococci) 
:FW2: ... 
GM := 3$ c:fiu/100 nil 
s,M, =·61 cft.J/100 

Sal~ and ·estunl'in<nvatet·s (S)Jjl) .~nd saline 
iJO~stal·w~tel's.(SC) ( enterocoQci): 
GM ::: 3 5 cfu/I-00 ml 

: '.S /NL ·::: J p4/1QO i1Jl ..... 

Class $A;: :M~y nothe altered exc.epfby 
nattlrahatises 
d~ss SB c(enterococ·ci): GM = 35 qfwlOO 
rnl. for ''inten~ely used waters" 

,. 

···.· ' 

Ftesh Watei:S·(entetococci): 
GM~ lOO.cnl/106 nil 
N'lai"in e :W~tei'$ (enterococci): 
GM ·= 10 B:ftVi 0d 1111 

' · .. ,, '. 

.. 
Recreation waters (E. coO): 
dM= 126 cf'il/100 1111 ... · ,, : 

Tot!\1 Body Contact Recreation 
(E •. colf): 
GM = t25 c:ftl/100 n11 
s.wr. := 215 ~fu!r6Q rnl 

All ·wa.ter:bOdies (E. ·coil): 
OM= I3iJ cfh/loo tnl 

· --- -s:lv.r.=3-00cfivroo-ml-- -

. 

.· ... ·· · .. · ,MiJy 2002 

' .• ·. 

Secvetary ~11ay waive October 31-
Apdl1. 

..: . . ' .·.· . . . . . . 

. 'rl~e criteria has only beet1 adopted fot 
cettahiiriafine'watei's (Class $:S),· : 
dthifmarine waters (Ch\.ss sc, which 

· ·liicli.l:d~s prin;i~ty contacheci;eatioi1) : 
·do i'iqt in6lqClethese criteria, 
., . "· ,·, ,. \ 

· Seasmial: April- October 

The .criteria. apply, atrriinhnum; 
Mayi-Oct. 31 

Tlte E. ooli value is t~sed fot· ambient 
i1ionitorh1g and feoat .oolifohiis used 
. f9,r establishing effluent litrritatiorls. 
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.STATES 

Ohio 

Fond duLac Band 
of take Superior 
Chippewa ·· 

Texas 

WATER QUALITY CRITERIA1 

Lake Erie & Ohio R. (E. cob): 
GM = 126 cfu/100 ml 
No more than 10% samples exceed235 
cfu/100 ml 

Rest of state (E. coil): 
primary contact: 
GM= 126 cfu/100.ml 
No more than 10% samples exceed 298 
cfu/100 ml · 
•secondary contact: 
GM = 126 cfu/lOOml 
No more than 10% shniples.exceed 576 
cfu/lOO.ml .·· · 

l'rimar:yContact Recfeatian, Secondary. 
Cont.act Recreation 
(E. coli) 
GM~l26-cfu/too ml. 

:Pl:itnaiy Body·· contact Recreation 
{E. icql1) · . · ' · · .· · . 

.·.··G±vf =i26 dli/JOO.ml. 
· S!M>=235cfull.00ml(lakes aiildhigh-use 
w~t~rbo'c:iies; .·. . .· . . . . 

· S:M, ,;;;4o6.~cfu/tootnl 
·• (erite~ococci) · < 

g~;~ ~3cfu/lOptJ'il." .•. , ...•. ·.··-.·-··<· , .. . .. 
S.M.= 61 cfu!lOQ.ml (lakes ana·htgh use 
~aterbc)dies) 
S.M.:"'-f08cfu/l00ml. 

Fresh Waters (E .. coll) 
Cont:clct Recreation Use 
GM = 126 cfu/100 n;r 
S.M. = 394 cfu/lQO ml 

Nanccintact Recreation Use 
GM = 60S cfu/100 ml 

Marine Waters {enterococci) 
Contact :RecreatjonU.se 
GM ,;35cfull 00 ml 

-- - --S-,M,--=-89-cfu/-100-ml 

86 

Noncontact Recreation Use 
GM=l68 cfu/100 ml 

Mny2002 

COMMENTS 

Appiiesdtu:ing'h~cr2itiorli.kerioci of 
May i :toiSepteinber 3o.:.:r; ... _· 
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STA.TES 

Acoma Pueblo 

Col6tado 

Ft. Peck 
Assiniboine and 
Sioux Tribes 

Region IX 

Arizona 

Primary Contact Recreation 
(E. aoll) 
GM = 126 cfqflOO m! 
S.M.= 235 cf"q/100 ml (Acomita Lake and 
.high use wate1ibodies) 
S.M.= 406 cful/100 ml (all other ceremonial 
and recreation use areas) 
(ente~1ococci) 

GM = 33 c:fullOO ml 
S.M.'= 61 cf"u/-100 ml (Acomita Lake and high 
use waterbodies) · 
S.M. = 108 cMlOO ml (all other ceremonial 
an,d recteation'tJse .areas} 

Padial Bo(ly Contact . 
1'0x cdteda.spebifle'df& prin'iary coi1tact i'ec· 

.. ·· .. •.J'ep,tio11; · 
•,.·. 

Recre!l:tidp Use ia (E~ coiz) 
ciM ~· ·126 cm11 oo irii 

R.ecreatiori Use lb (E. coil) 
olvi>=205 cfu/160 ml 

Secondary Contact Recreation Use 
· (E. bolt). · · · . · 

'0M,;, 630" ci'f;i;1fl'OO ml 
:? ' ' •···· .• ,.,,. - . 

. •i'. '· .;. ,.·. , .. \:·''"'":'' ' ·.,:, ,. ' .• 

Pr~mary Contact Recreation Use 
(E. (Jolt) 
GM= !'26 dfu/lOOn1l 
s.l\1:= 2:35 ciful16dn11 

Secondary Contact Recreation Use 
(E. col~ 
GM == 126 cftl/100 ml 
S.M. = 406.cfu/100 ml 

Fuli Body Contact (E. cob) 
Gl\1 == l3 0 c:fu/{OG <tnl 
S.M.= 580 cfu/100 ml 

I 

·. ·.·.· ... · .. Mny:znoz 

'A 

Coinpliailce for primary contact rec
reation based 0n meeting the criteria 
fot.one ofthe indicators. 

--~ ., ' 
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STATES 

California 

88 

WATER QUALITY CRITEIUA1
. 

REGIONAL BOARD 2 
Salt Waters REC-1 {enterococci): 
Geometric mean (G~)=35 cfu/100 ml 
Single sample maxima(S.M.) range from 104-
500 based on frequency of1.1se 

Fresh Waters REC~l: 
Enterococci 
GM =33 cfu/JOOml 
S.M: range from6Fl51 based on.frequei1cy 
ofuse · · · 

Ecoti . ..· .·. 
GM =126·cfullOO n1I 
S.M. range:fron:r235:S76based on .frequency 
ofuse · 

Ente~~to<!c( 
GM.~.33 du/100111'1 
s.M .. ~ 1.00 8fu.(ioo:.~r 
E~::·.~tj~~·- ., .· ··.: _._~,-~<·,. ·"· 

GM ~-.i.2?.cftilldO·~I. 
S:M:.,; 409 cfu/lOO.ml 

REC-2: 

E11.!e;.?c?c.~i. .. .. . . 
GM ""'JB5 -cfu/lOO.iml 
s.M. ~ soo''dfu/1l&a:tn1 

. ·E:: ·cou·•'';\/ , ... ,".c::I·"··••·"···· 
. cr'M ~ 63.0 ctUJJ'oo:.!ni 
s:.M:. = 2006 ci'uhoO ml 

Colorado River 
RE.C·l: 
Entero.cocei 
S.M. =61 cfu/100 ml 
E. coli 
S.M.= 235 cfu/100 ml 

REC2: 
Enterococd 
S.lvl. =:.3~05 cfu/100 ml 
E. coli 

.. - -S.M.-=-1-t.,7~-cful-l-00-ml---·-----·----····--·-

May 2002 

COMMENTS 

Regional Boards 2, 7, and 9 have 
adopted criteti<=~. based on EP A'.s rec
ommended indicators. The other 6 
Boards have not. 

The geometric means specified by 
Regional Board ?for the REC-1 and 
REC-2 uses.alsoapply to the 
Colorado River. · 
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STATES WATER :QUALI'ifY'crutt'ElUA 1. 
' <-' ·., ' .,~ ,, . ;· . ,. ' • " '. : • 

California 
(coiit.) 

Hawaii 

American Sainoa 

l . • " 

REGtONAL,BOARD 9 
SMt Waters ~llic~1 '(enterococci): 
GM=*3S cf1.1/100 ml . 
SJV1:. t'i\hge fro111 .104--500 based on frequency 
of\ise 

Fi~esh Watcit-11 REC-1 
;Enterococci 
GM=3$ cf111100 ml 
S:M. range fro111 ·61-151 based on frequency 
oh1se 
E. oofi 
GM =1~.6 .cfu/1 00 ml 
S.M. range from 235.:576 based on frequency 
Of\lSe 

STAT:E OCEA'N PLAN ( en'terococci) 
GJ0>:; 24cfu/'100 :mJ f0r30 Clay period 
GM = 12 cfulLOO ml for 6 month period 

.':: 

Marin~ Wat~rs (enterococci): 
.. GM = 7 cft1/i00 nil 

'· .,. : 
·J1ionrl'll mlldne'waters Cimterococci): 
GM = 33 cfu/106 nil 
Open Ocea~:t! 
s;m.,;, 2?:6·o:fu!Wo 1111 
:Em!J~ylllents: 
$/!Vii.= 1Q4Altl2A cfq/100 ml 
Open Coast~tWaters: 
S.M.= 124 cfu/lOdml 

CNMI ·Class AA (etl,terococci): 
GM= 35 cfu/100 m1 
Cla.ss A (entel'ococci): 
Givi = 125 cfq/iOO tn.l 

Hoopa· Valley Tribe Prilna•~y Contact 1l.ecreation (enterococcD 
GM = 16 of'Ll{l 00 1111 
S.M.= 35 Cf'q/lOD nil 

SeMndary Contact Recreation 
~¢n,terqMc()i) .. 
otvr;,;, 33 t:fulfbo ntl 

·- -SrM. = l-5J)-cfu/-l-00-11,1J 

Majz,.?,002 

One element Of the Class A use is 
prinraty contact recreation. 

Hibe has not yet completed WQS 
adoptio11 process. 
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Public Review Draft May 2002 
.> 

STATES 

Region X 

Idaho 

:Corifeaiitated 
Tribes-···· 

Warm Springs 

Confederated 
Tribesofthe 
U rriatilla Indian 

· Reservatioii'6f 

WATER QUALITY CRITERIA t 

Primary Contract Recreation 
(E. cob) 
GM = 126 cfu/1.00 nil 
S.M. = 406 cfi.J/1 00 ml 

Secondary Contact Recreation.· 
(E. cob) 
GM = 126 cfu/100 ml · 
S.M .. =576 cfu/JOOml 

Fresh and EstuarineWaters (E .. coli) 
GM = 126 cfu/100 ml 

Fresh waters {enterococci) 
Water. Contact Recreation . 
GM=33 cfu/lOO.ml·· -··· 

.· S.M, = 61 qfu/100 ~ 

M~ri~e·waters(~~·tJtrococd) 
d~t~\~oct~.fd~~reation··· 

.·. s:M. ~104/lDOrrir · 

Ciass_I(er1terococd) 
·aM== 8 duYloo ~1·-· 
. S.M. ~js cfuJlOO·fnl·· 
·da~sii ,(enterococti) 

.-. G?vf.='16 cfuli.oo nil 
.. s .11. ~ 7s cfu!ioo iii. 
Cla.ss ·Ill( ente~ocritci) 
GM = 33 cfu/lOO.ml 
S.ly.L= 150 cfuJIOO:ml 

Public and private d~mesfic \Vaterjupply, 
Water Contact Recreatiiln; \:Yi~4Iife ~itd 
Hlm.ting, Fishh1g,Boating/Raftihg (E. cob) 
GM= 126 cfu/lQQrul. · ' · 
S.M.= 406 cfu/ld,Orril 

Recreation (E c:olz) 
.GM = 126 CfullOOml 
S.M. =406 cfu/1001111 

COMMENTS· 

· In the process of adopting 

--- _Qr~g2!l._ _____ - ---- ----- - -------- ---------- ----- ----- .... - . ---------- -------~-------------··--
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·Special $~:Jfyey:t111;g1Jiiforntans 
····and the~Eflliil:ifitfiiil!!iJt; 

~. '' ·;· . ,";; . -.... ·' . ' .. ·; . ; . ; . : 

in collaboration ,J,jjj,\· ··.· ... 

th.e Witliain ;!n/!Fibta H~Wiett Foundation 

the Jam~s Irvine tiJi!rid.a~ion 
~ . ;, ·;· ,· ': .. ' , .. ' 

The David and Luc;ile Packard Foundation 

.-..... 
----Mark 13a1dtts-s-are--:-----

Research Director & Survey Director 

. -- -·- -·----·~--- .. 
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The Publi.c Policy ln$titute of California (PPIC) is a private operating foundation established in 

t994 with an endowment from Williain ;R. .. Hewlett. The Institute .is dedicated to improving public . 

policy in California throu~h independ~nt, objective, nonpartisan rese.arch. 

PPIC's research agenda focuses 6n thrE)~ program areas: population~ economy, and governance 

and public finance. Studies within these programs are examining the underlying for,ces .shaping 

California's future; cutting across a wide range of public policy concerns, including edti'cation; 

health care, immigration, income distribution~ welfare, urban growth, and state and .locc:ll finan~·E). 

PPIC was created because three concerned citizerys - ~Hii·~~;R· Hewlett:.·ROger ~- · Heyns,';a.nd 

.Aday Miller- recognized the. ~e;ed f9~ H~king objective .re~earch_:tq th.e realiti§ls'{>f c~lifornla.pt,~btlc 
policy. Their goal was:to help:th~ st~te~s,ieade,rs better und~r~ia:h'd th~'l.ntri6acies'and, i~pHc~tions ·• 

of contemporary::is~yes a.nd make .informed puqlic policy decisio11s when. confro.rited with . · ... ·.· · 

.challenges .in the futi.i~e. ppfc ·does.notta'kekor s.14ppoA positi9ns on any bal.lofmeasure or on any · 

loeal, state, or fede~J.Iegj~l~tion, n6~ do~s it~ndorse;'support, or oppose ariypolitical parties or : 
' . . ' . . . . . . . . .. . . . . .; .. . . . . . . '' . ' . . ~ ' . 

_,:..-.· ... 

. ,-: : . ...... 

Public Policylnstitute of California 
500 Washington Street, Suite 800 • San FranCisco, California 94111 

- Telephone: {415) 29~~4400 • Fax: (415) 291-4401 

-. ,:.·.:.· 

.·: •·: irifo@ppk,org • www.ppic.org 

.#...~~~~= .... ·*"51~~~~~~ 
.'. ·~· · .. , . .. . .':-" _;:.,. ;·.··- : :~·.~ : •. =:. 
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, The PPIC Statewide Su~ey serie& provides poliqythaker~, the rhedia, and th~'geJ:J,erai ~~blic with 
objective, advocacy-free information on the perceptions, ·opinions, and policy preferertqes of Qalifomia 
residents, Inaugura:ted in April1998, the survey series has generated a database that includ~sthe ... 

· re~ponses bfmore than80,000 Californians,' · . · · .. 

, , . . Thissutvey oh Califomtafls andt)le environment..::_a.collaborative efforl of the Public Policy ~~stitute of 
'O~Iifomia, and The William and Flora.Hewlett Foundation, The James Irvine FoUnda:tio11, and Th~ D,avid and 
'tuoile Packard Foundation-is a special edition of the PPIC Statewide Survey, This is the sixtl;J. ina'. series of 
eight surveys~two ,per year forfour years-:Hmnched in May 2001. 'The intent of the survey$ Js td i~fonn 

, policymakers, encourage discussion, and raise public awareness about a variety of groWth, ari4,~nvir6nmental 
i~si.les facing ~he .state; Previous statewide suzyeys have focl,lsed on land 1\se ·im~ ~ir ~u~iity'is~'ci~s:;'•:The 
ct1rrel1t survey provides the· first comprehensive ~nalysis in .cnir survey.seriesofthe'public;s p~r~pec~iyes on 

·.'the wide range of.!Uarine !irid .coastal.issues corifx-oniingC:alifornia today.·· The imp'ortan6~ofcdastaLand 
.parihe issues for .• an ei\i~ix-oftn1ent ~surVey sede~;isderived from California'~. t;:1oo,rnile:~horelirie,t~e:state' s 
h1stocy of con:troversy overcoa,staldeveiotnnertt and, po~t}ict over 'oil,drifling off the cOasti and the 1;!\il;>lication 
ofrecenttepdrls by.the ·Be\V·.Qceans t;oil11nission ahctbthex-. t}ational and fute111ation~i stt!dy gr~ups ~ori issues 

· §ir~li.asm~ine pollution and th~ 4epl~!tmt·q~'coraLfeefs,·fish: imdmarine mattim~l~: · .. · .. ·.· ... : :.[ ··. ; 
C.·.'. th}~;$p~c;iaLe4itio~pty.~6#t$ tn¥.re~ppns,es·or'toa4 adultresid~rits thn>~ghol1fthe state, di·~~ahl4ies in 
deta11-tbe phbild;s.v1ew~ dfi ocieari,arld doastai cq~diH;ort~.}p'c~lifoti{i~;fl1bi~pubfit poii~y pt&f~t~rlc¢§ arid 
lifesty!e choices related .t<:> t~e oce\lll and coastal areas; and the state··mignatlonaf goverriinent',s effdrt~ in the . 
. envifoninerit,a~ ar~ti~( .$pwe·9Hpe q1lestion~ are repbat~d Jroq1 BPic' Statewide. Stiry¢y$ C>n' Caliihtnians and . 
the envir9rtrnent coridl;iot.ed since June ~000. Ml:h:e speCiflqally ~-we exattt1iie tile f<>l1ow1ng issues; 

' . ' ". ' .. - ,,; . 

• ' Th(l p.oblic's percepti~ns ofoceM and ·inari'ile conditiol)s, in¢l~dirig :their reiati~f):t~nkip,gs; of 
ocean and qeacl!r pO:tiution compared ·t~ other en~ironinertta(}:mobl(;1fuS,. t~ingsiof ocean qu~lity 
tqC;lay, :trends. i~ ocean quality ov~F time, ~he irnpo#fabce ofqce.an';md heacl.1 conditions· for,· . 
daiif(nnia, and the speCific prd151el11s affecdng·the. mari11,e atip.,~oa$ta:f envl.rorir.ti:erit . 

• Pub,Iic policy choices, includi~g the public's,suppoi:tfo~:po'liqies:aiined at the·protection of the 
marine an'tlcoastal.environ:J:l.lent, ratings ofth~ ~tate goveri:IPlerit's.efforts toward marine and 
coistafprotectioJ:l,. the perceived importance Of eqviro~e~tal policies for the new .governor, 
r~tihgs of the president on environmental policies, perceived importance of the candidates' 
po~itions'on envitoriinental·issues ip. the 2004J>residential electkm, al)d the polHical party 
(i.e., Dem9chit, Republiciut)' that is viewed as most tru~ted to hahdlienvironmenfal issues fu 
the U11ited State$. · 

. . . 

• California lifestyle issues r~lated to the marine and coastal env1ro111)1ents, including the use of 
beaches, the frequency ofsppits activities in the ocean artd.bi:j.ys, the extent to which ~;eafood is a 
part o:fth6 personal di~t, health and environmerttai concerns related tb seafood as :Pari ofthe diet, 
arid the exteiift6 Whliih Califofu.Hhis Visit aquafiufus and have aquariums in their hotri¢s; 

--- . ·- .. _ . .. --Variations-in -marine-and-eoastaJcperceptions,-public-policy-ohoices,Iifestyles,-and-political 
perspectives betweenre.sidertts lWiri.g .in coastal c0unties and inland counties, between Lattnos 

- and non-Hispamc whites, and across age; socioecon~rrtic, and political spectrums. 

Copies of this report may bemd~t~d py e~inail {order@ppic.!)rg) or pho~e ( 415-291-4400). Copies of 
this l;Uld earlier reports ate posted on the publicatiorts page ofthe PPIC web site (www.ppic.org). For 
questions about the survey, please contact sm:V.e:y@ppie.org; 
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Press Release 

Para ver este comunicado de prensa en _espafiol, por favor visite nuestra pagina de internet: 
http://www.ppic.org/main/pressreleaseindex.asp 

SPECIAL SURVEY ON CALIFORNIANS AND THE ENVIRONMENT 

IT'S A BEACH STATE ... OF MIND: DESPITE TUMULTUOUS TIMES, 
CALifORNIA'S GOLDEN COAST STILL CAPTURES HEARTS 

Most Residents Willing To Pay To Safeguard Ocean, Beaches; 
High Environmental Exp.ectations for Schwarzenegger 

SAN FRANCISCO, California, November 13,2003- Whether coastal or inland dwellers, 
Californians love the Pacific. In a time of budget woes, political turmoil, and catastrophic 
natural disaster, large majorities of residents still place an extraordinary value on the state's beaches and 
ocean, according to a survey released today by the Public Policy Institute of California (PPIC) and the Hewlett, 
Irvine, and Packard Foundations. Across geography and political ideology, Californians display a profound 

· desire to protect the coast despite potential economic costs. 

Affection for the shorelineis clear: A vast majority (88%) of Californians say the condition of the ocean and 
beaches is. personally important to them, with 60 percent saying it is very important. . In fact, Californians (72%) 
are far niore likely than Americans as a whole (40%) to visit an ocean beach at least several times per year. 
Strong majorities of Californians also believe the coastline's condition is very important to the state's qualityof 
life (69%) and economy (61 %). 

Wariness About Coast's Health Translates into Strong Public Policy Preferences 

Consistent with the premium they place on the coastline, Californians express high levels of concern over 
coastal conditions and strong support for policies that protect the ocean and beaches. Over half (52%) believe 
the quality of the ocean along the state's shoreline has deteriorated in the past two decades, and 45 percent say · 
ocean conditions are likely to worsen over the next twenty years. 

Concerns about the coast top the list of environmental worries, with 53 percent of residents saying ocean and 
beach pollution is a big problem in California today. Specifically, 52 percent describe pollution from streets and 
storm drains and contamination offish and seafood as big problems, while strong majorities say declining 
numbers of marine mammals (74%), commercial overfishing (71 %), coastal development (71% ), and limited 
public access to the beaches (58%) are at least somewhat of a problem. 

But are Californians willing to turn their concern into action? Despite partisan divisions on many issues, state 
residents are surprisingly in step on their willingness to ante up for coastal protection. Two-thirds of 
Californians- including majorities of Democrats, Republicans, and independents- favor limiting the sale of 
[l$h and seafopd to env:irq:qmeptally safe products, even if this results in lJ.igher consumer prices (67% ), and 
support restricting private development along the coast, even if it results in less available housing (69%). Three 
in four residents support protecting wetlands and beach/bay habitats even if it means less commercial activity 
near the coast (77% ), and favor creating more marine reserves, even if it limits commercial and recreational 
:fishing (75%). "Californians see the coastline as a precious resource and an important part of their own lives," 
says survey director Mark Baldassare. "But the de.gree to which people are willing to protect the beaches and 
ocean, even at the expense of economic growth, is striking." 

. v-



Press Release 

While half ofCalifornians (50%) favor prohibiting new off-shore oil drilling along California's coast, even if it 
means higher gasoline prices, there is a notable partisan split on tltis issue: Democrats favor a ban on new 
drilling by almost two-to-one (60% to 35%), while independents are narrowly divided (49% to 46%) and 
Republicans are strongly opposed (39%.to 55%). 

Walk on Water? High Environmental Expectations of Schwarzenegger Administration 

Nearly uniformly, residents agree that environmental protection should be a priority for Governor-elect Arnold 
Schwarzenegger. Almost one-third (32%) of Californians think it should be a top priority, while a. large majority 
(57%) say it should be an important priority. Nearly half(49%) of all California residents say environmental 

·protection should be a'priority for' state governm~nt even if it curbs economic growth, while fewer residents 
(42%) think economic growth should be the top priority even if the environtnent suffers. And despite the state's 
enormotlS budget deficit, 48 percent of Californians support funding environmental programs at current levels, 
even at the expense of other state programs, while only 35 percent support reducing environmental funding. 

However, the state's likely voters are narrowly divided on the balance the new administration should strike 
between environmental and economic priorities: Fort)r-six percent favor protecting the environment even if it 
curbs economic growth, and 45 percent favor economic growth even if the environment suffers. There is a 
partisan divide on this issue, with Democrats (54%) and independents (50%) favoring environmental protection, 
and Republicans (61%) preferring economic growth. 

According to Baldassare, bal~ncing economic and environmental concerns will be a taU order for the. new 
governor, but th1,1s far, Schwarzenegger is in good standing with the public. "Although it's early in the game, 

Californians are generally supportive of Schwarzenegger's plans and policies for the state's futore." Indeed, by 
nearly a·two-to-one margin (47% to 25%), residents back the governor-elect, with Republicans (69%) and 
independents (5J%) expressing greater support than Democrats (32%). 

President George W. Bush's overall approval rating stands at 48 percent in California. Residents are critical of 
his performance on the environment, with nearly half of Californians ( 49%) and a majority of likely voters 
(53%) saying they disapprove of his handling of national environmental issues. A majority ofresic:lents (54%) 
also say the federal goverrunent is not doing enough to protect the country's coastal and marine environment, 
with Democrats and Republicans deeply split on the issue (70% to 33%). 

Residents Trust State to Govern Coast, But Some Believe CalifQrnia Coastal Commission Too Lax 

A smaller, but still significant, number of Californians (44%) also say the state is not doing enough to protect 
California's coastal environment. Despite their concern, more residents trust the state (42%) rather than local 
(30%) or federal (14%) governments to manage marine and coastal issues. However, they want to see more a.ction: 
One-third (38%) of state residents say the California Coastal Commission is not strict enough in its regulation of 
development along California's coast, while only 11 percent say the commission's controls are too strict. 

Levels of Coa.stal Concern Differ By Region, Ethnicity 

Despite shared concern for their 1,100 mile-long coastline, there are regional and racial/ethnic differences in 
Californians' attitudes about coastal issues. In particular, residents of the South Coast region (Santa Barbara, Ventura, 
Los Angeles, Orange, and San Diego Counties) place greater importance on the shoreline, are more concerned about 
worsening coastal concVtions, and are more personally connected to the ocean and beaches than those who live in the 
North Coast or Inland regions (see page ii for a map of the regions). More South Coast residents (74%) than residents 
of the North Coast and Inland regions (67% and 62%, respectively) believe the condition of the coastline is very 
important to California's quality of life. 'South Coast residents (66%) are also more likely than those in the North 
Coast (56%) or Inland (57%) regions to say the ocean and beaches are very important to the economy. 
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Consequently, South Coast residents are also more anxious about shoreline conditions: Fifty-seven percent 
think the condition of the ocean has grown worse in the past twenty years, while 44.percent ofNorth Coast and 
50 percent oflnland residents share this perception. Far more residents of the So~th Coast (62%) than of the 
North Coast ( 45%) or Inland ( 46%) regions think ocean and peach pollution in California is a big problem. 
"Recent beach contamination warnings as well as a prevailing beach ethos in southem coastal Califomia 
heighten the concern oflocal residents," says Baldassare. Indeed, nearly half (46%) of South Coast residents 
say they visit a California beach at least once a month, significantly more than residents of the North Coast 
(39%), and far more than those Inland (16%). 

Interestingly, Latinos are more concerned than non-Hispanic whites about many of the environmental problems 
affecting the coastline:,. For example, they are more likely to view as big problems ocean and beach pollution 
(66% to 49%), the contamination of seafood (64% to 46%), declining numbers of sea mammals (54% to40%), 
overfishing (46% to 32%), and public access to the coast (27% to 17%). 

More Key Findings 

• Safe Seafood? (page 17) 

Although 54 percent of Californians eat fish or seafood often, half of adults (50%) and most Latinos (62%) are 
very concerned that what they are consuming could be harmful due to contamination. 

• Finding Nemo (page 18) 

Almost one~ third (30%) of households with children in California keep peLijsh. Sev~nty-three percent of all 
Californians say they have visited an aquarium or other public place with live fish in the past year. 

• Surf's 'Up! (page 14) 

ten percent of Californians ~nd 13 percent of South Coasters have ~urfed in th.e state'socean or bays in the past 
year, but far more residents have gone ocean or bay swimming (43%). Fewer 619er residents (55 and older) than 
younger ones (18-34) participated in 3,11 ocean or bay activity in the past year {20% to 31 %) .. 

About the Survey 

The Californians and the Environment survey is a special edition of the PPIC Statewide Survey. It is the sixth in a 
four-year, multisurvey series on growth, land use, and the envirorur1ent, produced in collaboration with The 
William and Flora Hewlett Foundation, The James Irvine Foundation, and The David and Lucile:: Packard 
Foundation, Findings of the current survey are based on a telephone survey of2,004 California adult residents 
interviewed from October 24 to November 2, 4003. Interviews were conducted in English or Spimish. The 
sampling error for the total sample is+/- 2%. The sampling error for subgroups is larger. Formore information 
on survey methodology, see page 19. 

Mark Baldassare is research director at PPIC, where he holds the Aljay and Frances Fearing Mill~r Chair in 
Public Policy. He is founder of the PPIC Statewide Survey, which he has directed since 1998. :His most recent 
book, A California State of]vfind: The Conflicted Voter in a Changing World, is avaiiable at www.ppic.org. 

PPIC is a private, nonprofit 'organization dedicated to improving public policy through objective, nonpartisan 
research on the economic, social,· and political issues that affect Californians~ ·The .institute was established in .. 
1994 with an endowment from WilliamR. Hewlett. PPIC does not take or support positions on any ballot 
measure or on any local, state, or federal legislation, nor does it endorse, support, or oppose any political parties 
or candidates for public office. 

This report will appear on PPIC's website (www.ppic.org) on November 13. 
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Perceived Conditions and Concerns 

Ocean's Importance for Cali~ornia 

Oceans and beaches have a special place in the hearts and minds of many Californians. Sixty-nine 
percent of them believe that the state's marine and coastal conditions are "very important" to California's 
quality of life. For another 26 percent, that condition is at least "somewhat important," and only 5 percent 
dismiss it as "not too" or "not at all" important. 

The perceived importance of oceans and beaches for quality of life varies regionally and among 
population groups.· 'Three in four South Coast residents 1 say they are very important, compared to two in 
three residents in other regions. Latinos (77%) are more likely than whites (67%) to see oceans ·and 
beaches as very important, and perc.eption of their importance declines slightly with age but not with 
education nor income. Ari:J.ong political groups, Democrats (72%) and liberals (78%) are more likely than 
Republicans (58%) and conservatives (62%) to believe that ocean and beach conditions are very 
important for qmility of life. However, a substantial majoritY of~esid~I"!:ts across the political spectrum 
think this is a very important factor. 

"How important is.the condition of the ocean a.nd beaches to the quality of life in California?" 

. 
\ Region 

All Adults North Coast South Coast Inland- Latinos 

.· Very·.important 69% 67% 74% 62.% 77% 

Somewhat important 26 28 ' 21 33 20 

Not too. hn.,ortant 4 5 3 4 2 

Notimportantat all 1 0 2 1 1 

The vast majority of Californians also believe that the condition ofthe ocean ·and beaches is very 
important (61 %) or somewhat important (30%) to the state's economy. Across regions, 66 percent of 
South Coast, 57 percent oflnland,:and56 percent of North Coast residents believe it is very important. 
Latinos (70%) are more likely than whites (58%), and Democrats and liberals are more likely than 
Republicans and conservatives, to see coastal conditions as very important to the economy. 

"How important is the condition of.the oc(!an and beaches to the economy in California?" 

Region 

All Adults North Coast South Coast Inland Latinos 

Very important 61% 56% 66% 57% 70% 

Somewhat important 30 34 25 34 23 

Not too important 6 8 5 5 3 

Not important at all 1 
.. 

1 2 1 1 

Don't know 2 1 2 3 3 

i See the Methodology section (p.l9) for a description of the regional definitions used in this survey. 
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Perceived Conditions and Concerns 

Trends 'in Ocean Qil~lity 

Looking at thes~ te;ources th6y believe are so i~portant for quality of life and the economy, 
52 percent ofCalifomians believe that the condition ofthe oce~;tn along the state's coast has gotten worse 
in the past two decades. Twertty•six percent believe the condition is about the same, and only 13 p~rcent 
believe it has gotten better. Regional perceptions differ: South Coast residents (57%) are more likely 
than Inland (50%) and North Coast (44%) residents tb think that conditions have deteriorated. The 
perception Of deteriorating conditions rises with age and education. It is a1so higher among women than 
among men and among whites than among Latinos. While Democrats and libera1s are more likely than 
Republic~s and conservatives to see a negative tren:d, the predominant perception across partisan and 
ideological lines is"that ocean, conditions have worsened. 

"Over the past 20 years, do yolj think the condition of the oqean '(a!ong th~ California coast) 
. h;;ts {Jq~en be«er, s~ayed <!bout thJ:1 same, or gotten worse?." 

·.• 
Regia~ ,. 

' All Adu(ts. Nort~ Co<!st Sol,lth .Coast lnl<!nd L.atinos 

Gotten worse 52% 44% 57% 50% 48% 

~tayed .about the s;;tme 26 28 · ... 23 29 '. 28 
'• -'. .. . .-. ' . . ;'. . '• ~ ;-• ::;~ 

G.otten ll~tter 13 17 12 11 14 

.Dc;>ii't know 
I 

9 11 8 10 10 
•i: ........ 

What about the overall health and quality of the ocean off Califomia today? Twe:p.ty7eight percent..of 
residents say itis excellent or good, 46 percent say it is fair, and 23 .percent describe it as poor. Those 
living in the South Coast (30%) are more likely than those living in the North Coast (15%)or Inland areas 
(20%) to say that ocean conditions are poor. There are no major differences in ct~rrent perceptions across 
age, education, income, gender, or racial/ethnic groups. However, Republicans (40%) and conservatives 
(35%) are more likely than Democrats (20%) and liberals (20%) to rate ocean conditions as excellent or 
good. 

What do residents think the future holds? Almost half(45%) believe conditions along the coast will 
get worse over the p.ext 20 years, 26 percent think they will stay the same, and 23 percent expect them to 
get better. Younger residents are the most likely to believe that ocean conditions will be worse, and 
Democrats and liberals are more pessimistic than Republicans and conservatives about the ocean's future. 
There are n.o major differences by region, education, income, or gender. 

"Twenty years from now, do you think the .conditipn of tiJe oc~an (alorm thli! C~JifomiCI coast) 
will have gotten better, stayed about the sclme; or gotten worse than it is today?" 

Region 

All Adults ~orth Coast Sc;>uth Coast Inland Latinos 

Gotten worse 45% 43% 46% 45%· 49% 

Stayed about the same 26 30 23 28 19 
-

Gotten better 23 19 25 21 27 

Don't know 6 8 6 6 5 
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.. P~r~~ived Conc:lition~ and Concerns · 

Rating of Environmental Problems 

Consistent with the~al~e they pl~ce on the ocean and beaches and the ~onditions they perceive, half 
of California re~idents (53%) say that ocean and beach pollution along the coast is a big problem in the 
state today. Other environmental issues ranked about the same as a big problem are toxic substances 
contaminating soil and groundwater (53%), urban growth and air pollution damaging forests in the Sierra 
mountains (52%), and pollution from runoff affecting the water quality of rivers, streams, and lakes 
(51%). Fewer Californians expressed high levels of concern about the effects of development on 
endangered species and wildlife habitats (40%) and the logging of old~growth redwoods (38%). 

·Concern about ocean and beach pollution is about the same today as it was in the June 2000 PPIC 
Statewide Survey .. There is slightly more concern today than three years ago about the effects of air 
pollution and urban growth on the forests, of toxic su:bstances on soil and groundwater contamination, and 
of pollution runoff on rivers, lakes, and steams and about the l~gging of old-growth redwoods. 

Problem rankings differ across regions: South Coast residents (62%) are the most likely to rate 
ocean and beach pollution as~a big problem in the state. North Coast residents are more concerned than 
people in other re~ons about logging of old-growth redwoods. Latinos are more concerned than whites 
about all"six of these environmental problems: Nearly seven in 10 Latinos rate ocean and beach 
pollution; pollution from runoffiri rivers, lakes, and streams; and toxic c~ntamination to groundwater and 

' . . .. . . . .. 
soil as big problems in the state today. 

. . l 

"Do you thi,~k is a big probl~m in California today?" 
. 

All Region ·-
Percentage;seeing the issue as a big problem 

Adults N_orth C()CI~t South Coast Inland.· Latinos 

Ocean and beach pollution along the California coast 53% 45% 62% 46% 66% 
·. 

Toxic substance$ contaiTlinating so!f andground~~ter 93 54 54 51 68 

Urban growth and air pollution damaging th£i"forests in I 

63 52 49 54 / 50 the Sierra mountains ,. 

Urb.an and agricultural runoff polluting lakes, rivers; and .51 48 54 50 68 streams 

Urban deveJopment harming wildlife habitats and 40 39 43 38 54 endangered species 

Th.~ logging of old~growth redwoods in Northern 38 44 37 34 . 43 California 

:Focusing on residents' concern 'Yith ocean and beach pollution, we find considc;rable differences 
across groups. There are large variations in the perception of '~big problems" between younger and older 
residents, the non-college educated and college graduates, Latinos and whites, Democrats and 
Republicans, and liberals and conservatives. There are also modest differences between women and men, 
renters and homeowners, lower-income and upper-income residents, the native born and immigrants, 
those with and those without children at home, and those with shorter and longer stays at their residence. 
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Perceived Conditions and Concerns 

"How about ocean and beach pollution along the Ca!lfornl!:!:coast? .· po you think this Is 
a big problem, somewh.at of a problem, or not a problem in California today?" 

Big Somewhat of Nota 
pre>.~! em .. a problem problem Don't know 

All Adults 53% 34% 9% 4% 

1l:l·S4 years old 63 28 7 2 

Age 35"~ years old 52 35 10 3 ,. 
5S years or older 43 I 40 12 5 

Ma·i~ 49 34 14 3 
Sex 

Female 58 34 5 3 

... HiQI! sc~9QJ on.ly 58 29 9 4 

Educ;,~tion Spm~ c::olle!J.~ .56 33 8 3 

C~~~~~~ grad.Uate 48 40 9 3 

uilaar":$4!HJo6 .. 55 33 7 5 . ' ' . •··· 
Income $40;900 to under $80,0QO 53 34 10 3 

$~t1,ooo or more 51 36 10 3 

Whit~· 
.. .. 

49 38 9 4 
Ra~W ethnicity 

Latino 66 25 7 2 

N~~ive 52 36 9 3 
Nativity 

Immigrant 29 10 3 58 

Own 50 37 10 3 
Homeownership 

Rent 3 58 30 9 

Children at home 
Children under 18 56 34 9 1 

No children onder 18 52 34 9 5 

Years at current Fewer than five years 57 32 8 3 
residence Five or _more .years 50 36 10 4 

Democrat 60 30 6 4 

Party registration Republican 39 43 14 4 

liide.pendent 52 38 7 3 

Lil:!erC!I 65 26 6 3 

Political ideology Moderate 52 38 7 3 

Conservative 44 39 13 4 
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Perceived Conditions and Concerns 

Regional Coastal Concerns 

When asked about coastal issues in the part of tlie California coast nearest to them, residents were 
most concerned about ocean and beach pollution from streets and storm drains: 52 percent say that this is 
a big problem in their part ofthe coast. However, it wa.S more likely to be rated as a big problem by 
residents of the South Coast (63%) than by .those who live Inland (48%) or on the North Coast (37%). 

Perceptions of this problem vary widely across groups: Whites (47%) are much less likely than 
Latinos (66%) to see urban runoff as a big coastal problem; and concern about runoff tends to decline 
with education, income, and homeownetship. While substantial proportions of residents across the 
political spectrum express some concern, Democrats (59%) and liberals(58%) are more likely than 
Republicans ( 40%) and conservatives ( 45%) to rate ocean and beach pollution from runoff as a big 
problelTI. in their pru:t of the. California coast. · 

Fewer residents rate coastal development (36%) and limitedpublic access to the coastline (20%) as 
big problems, compared to coastal pollution. Nevertheless, substantial majorities say these two issues are 
at least somewhat of a problem in their paits of California. Coastal development and public access 
concerns ate similar across most regions. However, there is less concern in the North Coast than 
elsewhere about public access to the coastline. Latinos (27%) are much more likely than whites (17%) to 

. rank limited pu!Jlic access as a big problem in .their part of the state. Democrats and liberals are more 
likely than Republicans and conservatives to see both development and public access as major problems 
along their part of the coa~. · 

"Do you think . is a big problem, somewhat of a problem or 
not a problem in the part of the California coast closest to you?" 

.· 

Region 

.All Adults .North Coast South .Coast. Inland Latinos 

13ig problem 52% 37% 63% 48% 66% 

Ocean and beach Somewhat ofa problem 34 44 30 33 29 
pollution from streets 
and storm drains Not a problem 9 14 5 13 4 

Don't know 5 5 2 6 1 

Big problem 36% 34% 38% 36% .· 33% 
\ 

Too much.growth and Somewhat of a problem 35 35 36 34 38 
development on the 
coast Not a problem 24 27 22 25 22 

Don't know 5 4 4 5 7 

Big problem 20% 15% 22%. 22% 27% 

Limited public access to Somewhat of a problem 38 37 39 38 42 

the coast and beaches Not a problem 37 43 35 35 26 
I 

Don't know 5 5 4 i 5 5 
I 
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Perceived Conditions and Concerns 

Marine Concerns 

When asked about three marine issues~that is, issues involving the California coastal waters nearest 
them-residents voiced the :most concern about contamination of seafood: 84percent see it as a big 
problem (52%) or somewhat of a proBlem (32%) in their coastal region. Perception of this as a big 
problem is high actoss all regions but higher in the South Coast (56%) than in the North Coast (51%) and 
Inland (47%). Wllites (46%) are less likely than Latinos (64%) to rate ~his marine issue as a big problem 
in their region, and concerns ten.(:} to decline signi~cantly with education a.nd income but not with age. 
Democr.ats (59%) and liberals (61 %) are mt\Ch more lilcely than Republicans (37%) ~nid conservatives 
( 46%) t~ thi~ s~af()9~ contamination is. 4 big prqblem. 

Although, a de~line in marine mammals does not concern residents quite as much, 74 percent see it as 
a big problem (44%) or somewhat of<!. problem (30%). There are no.significant differences between 
South Coast, North Coast, or Inhmd residents on pero.eptions of this issue. Whites (40%) are less ljkely 
than Latino~ (54%)to believe d~pletion ofrnarine mammals is a big problem. The concern also declines 
with age, educatiC>n; and income. Th,ere at'e also large differences in perceptions between Democrats 
(47%) and :Republicans {30%) ~nd liberals (54%) and conser:vatives (34%) in the extentto which this 
part;icular issue is a big problem in Califoro.ia's coastal waters, 

Overlishing generates about the same level of concern as depletion of marine mammals: 71 percent 
of residents be)ieve it is a big problem (36%) or sowewhat of a problem (35%) in the ocean waters 
nearest them. There are n\ore concerns about this issue on the coast than inland and in the North Coast . . . . ~ 

than in the South Coast. Latinos (46%) are more likely than whites (32%) to say that ov:erfishing on the 
coast near them is a big problem. 

" 
"Do you 'think is a big problem,-somewhat of a problem or 

not a problem in the part of the California coast closest to you?" 

Region 

All Adults • North Coast Sout!t Coast Inland Latinos 
-·····'' . ~·' 

Big problem 52% .. 51% 56% 47% 64% 

The contamination of Somewhat of a problem 32 34 31 32 25 
fish and seafood 

Not a problem 12 12 10 15 8 

Don't know 4 3 3 6 3 

Declining numbers of 
Bi9, problem 44% 43% 45% 43% 54% 

marine mammals such Somewhat of a problem 30 31 30 28 27 
a~ whales and sea 
otters Not a problem 19 19 17 21 13 

Don't know 7 7 8 8 6 

Big problem 36% 39% 36% 31% 46% - .. .. . 

Overfishing (depleting Somewhat of a problem 35 33 34 38 35 
the fishing stock) by 
commercial fishing 

Not a problem 20 20 20 21 13 boats 

Don't know 9 8 10 ~0 6 
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Public Policies 

The Schwarzenegger Administration and Environmental Protection 

Overall, from what they know so far, Californians approve of Governor-elect Arnold 
Schwarzenegger's plans and policies for the state's future by about a two-to-one margin. Nearly half of 
state residents (47%) approve of his ~lans and policies, 25 percent disapprove, and alrn.ost three in 10 say 
they just don't know yet. A majority of Republicans (69%) and independents (53%) approve of the 
govel11or-elect's plans and policies, while Democrats are equally likely to disapprove (33%) as to approve 
(32%) ofhis ideas. , 

"From what you know so far, overall do you approve or disapprove of Governor-elect 
· Arnold Schwarzenegger's plans and policies for California's future?" 

Party Registration Likely All Adults 
Dem Rep lnd Voters 

' 
Approve 47% 32% 69% 53% "47% 

Disapprove 25 33 7 19 21 
Don't know 28 35 .• 24 28 32 

'· 
In terms ofpribrities for tht'! Schwa,rzenegger administration, Californians nearly uniformly agree 

that environmental protection should be a priority. Thirty~two percent of Californians thirik'that 
proteq~ing the environment should be a top priority~ and another 57 percent believe that it should be !ll1 

important although not a top priority; Only orie in 10 Califomiaps thihksthat environmental protection is 
not tqo important (8%) or should not be undertaken (2%). 'Thirty-seven percent of Democrats; 29 'percent 
of indep~ndents, and 17 percent of Republicans fuirikthatprotecting~the environment· should be a top 
priority for the new .administration. Latirtos are more likely than whites to consider enviro~ent~ 
protection a top priority (41% to 29%); 

Even relative to the state's eco11omy, Californians think that the incoming adrninistrati()nshould 
focus on enviroiunental pi'otectio!l. · Forty~nine percent ofCalifornians think that protecting the 
ehvironm~nt should be a priority, even at the risk ofcurbing economic groWth. Forty-two percent think 
that economic growth should be a priority, even if the environment suffers a bit. The state's likely voters 
are more narrowly divided on these prlonties (46% favor the enviromnent; 45% favor economic growth). 
While a majority ofDemocrats(S4%) arid l}alf ofindependents (50%) think that environmentalprotection 
should be a priority even if it results in e~onomic consequences, a majority of Republicans (61%) think 
that economic growth should be given priority, even at some expense to the environment. 

"When it comes to the state policies thatyou would prefer from the Schwarzenegger 
· administration, which comes closer to your views ... " 

All Adults 
Party Registration 

Dem Rep lnd ...... ..... ... ...... ... 

Protection of the environment should be a priority, 
49% 54% 30% 50% even at the risk of curbing economic growth 

Economic growth should be a priority, even if the 
42 37 61 41 environment suffers to some extent 

Don't know 9 9 9 9 
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Public Policies 

Governing California1s Coast 

Asked which brm.ich ofgovetrtinentthey trust to do a better job in handling the state's marine and 
coastal issues, 42 J.D.ercent ofCaUfornian,~ s~y they ,trust the state government, 30 percent say local 
gove~ent, 14 percent say the federal government, and 2 percent volunteer that they do not trust any of 
these governments to handle these issues. Among the state's likely voters, 47 percent trust state 
government the most in marine and coastal matters. Among Democrats and Republicans, the state is 
clearly the most trusted govemriient With re&pect to California's marine and coastal issues; but among 
independents, preference for the state and local goverrt.ments is nearly even (41% to 37%). Coastal and 
inland residents do not differ in their assessments. 

·, 

"Which branch of government ... do you trust to c:l.o a better job in 
haridlinQ rn~rine and co~still issues lit Californ~a?" 

Party RE!gistratioil 
All Ac:lults Likely Voters 

, .. Dem Rep l!lt! 

state gov'ernin~i:lt 42% 46% 4'$:% 41% 47% 

Local goyernment 30 28 32 37 32 

Fed!'1ral governni!'!nt 14 13 13 12 11. 
·None ·oHft~,m _ (Y'(iiunteeredJ 2 3 2 2 3 

·otiletioon·t !<n~w· 
.. 

i:i 12 10 7 7 

As~eq 'f.he.tht;?r the s,tate i~ cuqe.11tly doing more than enol.l~h, just· epough, or not enough to protect 
the coastal ai).dmarine enviropment iu California, 44 percent ofCalifornians say that the statds.notdoing 
enoug}1,.40 percent say just.enouglJ,,_ amlonly 7 pe:rcen.t saym()J;e than eno1,1gh. Democrats (54%) and 
independ~:Jnts ( 4 7%) are mu<rh mq;re. Jikely than Republicans (34%) to .say. that thY. state is not doing 
enough to protect the coastal and marine environment. There is almost U9 variation in attitude toward the 
state's current efforts to protect these enviropments 'between frequent and infrequent visitors to the 
California coast. However, those who believe that ocean and beach pollution along the co~stis a big 
problem are much more likely than those who do not think it is a problem to say that the state is not doing 
enough (55% to 20%). Similarly, 65 percentof Californians who think that th~ health and quality of the 
oce'an today is poor say that the state is not doing enough to protect the~;>e enviroriments, compared to <:>nly 
26 percent of those residents wl.lo rate th,e o.cean's health and quality as excellent or good. 

"Overall, do you think that the state government_ is Cl!rrently doing more than enough, ·just enough, 
or not.enough to prote(:tthe coastal and marine envirohment'in California?" 

Party Registration Likely 
All Adults Voters Dem Rep lnd 

Not enough 44% 54% 32% 47% 46% 

_ J.ustenough 40 35 4_5 39 37 

More than enough 7 3 13 6 8 

Don't know 9 8 10 8 9 
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Public Policies 

Although recent estimates suggest that the state will again face a large budget deficit in the 
upcoming fiscal year, and that prowam cuts will be needed to balance the budget, 48 percent ofa.:ll 
Californians and 48 percent of the state's likely voters want to continue to fund environm~ntalprograms 
at current levels, even if it means less funcisJor other state prog:rains. Thirty-:five percent of Call.fornians 
would prefer to reduce funding for environment~! programs, so that more funds would be available for 
other state programs. By wide margins, Democrats (56% to 28%) and independents (50% to 34%) favor 
continuing funding for environmental programs before other programs, while Republicans f~vor reducing 
current environmental funding (45% to 37%). 

"The state government faces a. large budget deficit, and program cuts 
are needed to balance the budget. Should the state ... " _ 

All Adults 
Party Registration 

Dem Rep lnd 

Continue tci fund .environmental 

Likely 
Voters 

programs .Cittlie current h!vel, even if it 48% 56% 37% 50% 48% 
means less funds for other programs 

Reduce funding for environmental. 
programs, so that more funds are -· 35 28 45 34 34 
available for otner programs 

other answer \ 5 6 6 5 7 .. 

Don'fknow 12 10 12 11 11 

When i(com~s to the California Coastal Commission, four.inlO Californians (38%) say that the 
commission is not,strict enough in its regulation of development along the California coast. One in three 
Californians (31%}believes the commission'.s restrictions are about right, 11 percent view them as too 
restrictive, and orie in five either doesn'tknow or hasn't heard of the Coastal Commission; T:hirty-eight 
percent of independents and 45 percent of Democrats-but only 28 percent of Republicans-sa)'that the 
cominission' s control of develdpriient is nor strict enough. Twenty~one percent of Republicans, 11 
percent of independents, and 6 percent of Democrats think that the controls are too restrictive. 

About four in 10 South Coast and Inland residents (42% and 37%, respectively) and 3lpercent ofNorth 
Coast residents say that the Coastal Commission is not strict enough in controlling development. 
Assessments of the commission's controls vary only slightly by race/ethnicity, education, or homeownership. 

"Overe111, what do you think of the California Coastal Co111mission whf;!n it comes to controls on 
. . . development-are they too strict, about right, or' not strict enough?" 

Party Registration . Likely All Adults 
Dem Rep lnd Voters 

Not strict enough 38% 45% 28% 38% 38% 

About right 31 30 30 30 29 

Too strict 11 6 21 11 13 

Don't know about 
California Coastal 20 19 21 21 20 
Commission I Don't know 
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Public Poilcies 

Marine Policy Issues 

In general, CalifornHins respond positively to policies that have been proposed to help'~rotect the 
ocean and marine. life along the California shoreline, even when it comes to the most controversial issues. 
Fof example, with regard to the hotly contested environmental and emirgy issue of oil drilling' off the 
California coast, majorities of Californians consistently oppose new drilling off the coast, ev~n if it might 
reduce dependence on foreign oil (July 2003) or lead to lower gasoline P.rices for California dqvers (June 
2000 and June 2002). Fifty percent of Californians today say they favor prohi!Jiting addit~onal drilling off 
the coast, even if it means higher fuel prices for California drivers. Among California's likely voters, 
53 percent would ban new drilling, even if it resulted in higher gas prices. 

Public attitude' toward increased drilling off the coast varies by partisanship, with Democrats 
favoring a ban almost two-to-9ne (6.0<Yo to 35%), 11. D;J.ajority ofRepublic~ns opposing a ban (55% to 39%), 
and independents nearly evenly ciivided ( 49% favor; 46% oppose). Support for the prohibition is 
strongest along the North Coast (58% favor; 36% oppose), while those along the South Co11st (48% to 
46%) and Inland (45% to 50%) are closely split on the question of allowing more oil driliihg. 

"How about prohibiting more oil drilling off the California coast, even if 
thi$ means higher gasoline prices for Californ:ia drh{ers?" 

Party Registration 
Likely 

I All Adults P¢!11 R~p lnd '\(p(~,rs· 

Favor 50% 60% 39% 49% .. .5.3% 

Oppose 45 35 55 46 42 

·Don't know 5 .5 €l 5 5 

; 

Three in four Californians (75%)-inchrding large majorities of Democrats (80%), Re,pqblicans 
( 66% ), and independents (77% )-favor creatit;tg more marine reserves .off the Califor.nia coast, even if it 
means that some ocean ateas will be off-limits to commercial and recreational fishing; twen.ty-one percent 
of California residents oppose new reserves. 

Two-thirds. of state residents al&o favor limiting the sale of fish a,nd seafood to those.products that have 
been caught or farmed iJ;1 ~ environmentally safe manner, even if this means paying higher, prices in 
Caljfornia stores and restaurants. Seven in 10 Democrats (71 %) and ll?,~ependents (67%) favqr this 
restriction, as do 53 percent of Republican~. Support for selling only fish and seafood caught or farmed in an 
enviroilmentally safe manner is l,nirelated to how often respondents eat fish or to annual household income. 

"How about only selling fish or seafood that was caught or farmed in an envirorimentally safe 
manner, even if this means paying higher prices in California stores and restaurants?" 

Party Registration 
·Likely 

All Adults Dem Rep lnd Voters 

·Favor 67-% 71% 53% 67% 64% 

Oppose 28 25 42 28 31 

Don't know 5 4 5 5 5 
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Public Policies 

Coastal Policy Issues 

Most Californians also favor a free and open coastline. For example, seven in ·1 0 support restricti~g 
private development along the coast, even if it means less available housing in the coastal area. 
Majorities ofDemocrats (77%), Republicans (62%), and in,dependei:J.ts (71 %)agree upon this matter .. 
Similarly, majorities of North Coast (71 %), South Coast (70%), and even Inland (66%) residents favor 
restricting private development along the coastline. Renters (68%) are nearly as likely as homeowners 
(71 %) to support this restriction. 

"How about restricting the private development of land along the California coast, even if 
this means that there will be less housing available near the ocean and beaches?" 

Party Registration LikelY All Adults 
Cern Rep lnd Voters 

Favor 69% 77% 62% 71% 72% 

Oppose 27 21 33 27 24 

Don't know 4 2 5 2 4 
•. 

Three-quarters of Californians (77%) also favor protecting wetlanqs and habitats near the bays and 
beaches, even if it. means less commercial activity near the co~st. Wbi}e majorities of Califohrians across 
political parties favor protecting coastal wetla11ds and habitats, supp~rt is significantly higher among 
Dem~9rats ('83o/o) than Rep~blicans (68%); ~bouteight in 10 independents (79%) favorthese .. 
envir~nmental protections. Seventy-eight percent of North Co<~.st, 79 percent .of South Coast, and 72 
percent ofinland residents favor protecting coastal wetlands and. habitats, even if it means less 
. commercial activity near the coast. 

"H.ow about protecting the wetlands and habitats near the bays and beaches, even· if 
t)1is means there will be less commercial activity p~ar tbe:C~Ilfornia co.ast?''. 

'.;.··'·: :---. 

Party Registration Likely All Adults 
Cern Rep lnd Voters 

Favor 77% 83% 68% 79% 78% 

OP-pose 18 12 26 19 18 

Don't know 5 5 6 2 4 ., 

In a similar vein, 72 percent of Californians favor improving the quality of the water feeding into the 
ocean from storm drains and sewage treatment plants, even ifit means higher utility bills. Support for such 
improvement is strong across the coastal and inland regions and across partisan and age groups. Galifornians 
from households with incomes of $80,000 or more are somewhat more likely than those from households 
with incomes under $40,000 to favor improving the water quality from storm drains and sewage plants {77% 
to 71%),. as are-those with a-college degree compared .to those with-a high school-diploma or less .('78% .to 
65%). Democrats (76%) and independents (75%) favor this effort more than Republicans (66%). 
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Public Policies 

President Bush and National Politics 

· ' Forty~eight per<;Jent of Californians approve of the job that George W. Bush is doing as president of 
the United States, and 46 percent disapprove of his job performance. Among likely voters, 47 percent 
apptdve and 49 pe).'centdis~pprove. OV.erall; Califomiarts are more critical 6f the presiaertt's handling of 
environmental issues: Almost halfofall Californians, and 53 percent of the state's likely voters 
disapprove of the way he is handling the country's environmental issues. 

Bush's overall ratings and his environmental policy approval ratings are both strongly related to 
party affHiation. Eighty~three percent ofRepubl~p\lns approve of Bush's overall job perfolll).ance, 
compared to 4$ percent of independents and only one~quarter of Democrats. Similarly, ·60 percent of 
Republicans, but ~nly 31 percent of in, dependents and J 6 percent of Democrats, approve of the way he is 
handling the country's environmental h;sues. Ll;ltinos and whit.es are equally likely to approve of Bush's 
overall performance (51% to 50%), but Latinos are somewhat more likely than whites to approve of his 
handling c>f environmental issues ( 42% to 34% ). . . . 

All Adults 
Partv Registration Likely 

Dem Rep lnd Voters 

Ovetal/, dpyou approve or Apptove 48% 25% 83% 45% 47% 
disiipprWe qftheway that George Dl$~pp~ove ,46 70 14 49 49 w. ~1!$h#s hapdllrig hisjo/J ~s ,,,.\,.,.,, · .. ' ,. 

pn:isld~iit,of't[}.e l:Jriitei:/;states? · oonrtitnow 6 5 3 6 4 

And do you iipprove or di$approve )\p~rove 35% 16% 60% 31% 34% 
of the W,~y that President [3ush is Di~approve 49 70 23 54 53 han(llinfl' 'er{vit:O.ninentalissues in ','I 

the Uni.ted States? ooh~t know 16 14 17 15 13 

Fifty~four percent of Califormans say that the .federal government is not doing enough to protect the 
coastal and marine environment of'the United States. Seventy percent of Democrats arid 64'percent of 
independents-but only 33 percent ofReptfB'lic@:s~thirik that the federalgovenllrierifis not doing enough 
to protect these environments. Sixty percent of Californians who live along the North Coast think that the 
federal government is not doing eno~gh to protect the c9astgl and marine environment in ~alifomia, 
compared to 56 percent of those living along the South Coast and 47 percent of those in Inland areas. 

"Overall, do you think that the federCil ~:~overnment is doing. more than enough, just enough, or 
not eno1.1gh to protect the coast~il and marine ~nvironrnent in the United ~tat~s?" 

Party. Redistration Likely 
All Adults 

Yote~s Dem Rep lnd 

Not enough 54% 70% 33% 64% 57% 

Just enough 32 22 46 26 30 

More than enough 6 2 11 4 6· 

Don't.know .8 6 10 6 7 

Looking ahead to the 2004 presidential election, 42 percent of Californians and 3 8 percent of likely 
voters say that the candidates' positions on environmental issues will be very important in determining 
how they will vote. Only one in 10 of all Californians and of likely voters say that the candidates' 
positions on environmental issues will not be important to them in deciding how to vote in 2004. 
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California Lifestyle 

Life Is a Beach 

Californians believe that the condition of the oc·eans and beaches of the state is almost as important 
to them personally as it is to the state's quality oflife and ec;onomy. Eighty-eight percent say that 
condition is very (60%) or somewhat (28%) important to them personally, while only 11 percent say it is 
not too important (7%) or not important at all (4%). More than 8 in 10 residents across every region of 
the state say it is at least somewhat important. However, those_who live in the North Coast (61 %) and 
South Coast (66%) are more likely than residents of the Inland region (50%) to say it is very important to 
them. !tis more often rated as very important by Democrats (65%) than by Republicans (50%) or 
inqependents (57%) and by women (63%) than by men (57%). Whites and Latinos are about equally 
likely to rank it as at least somewhat important (88% to 90% ). 

"How important is the condition of the ocean and beaches in California to you personally?" 

Region 

All Adults North Coast So4th Coast Inland Latinos 

61% 66% 50% q5% Very important 
.. '. ,.'! 

60% 

28 28 25 32 25 
Nottoo iniportal1i- ·· · .. 7 7 5 10 5 

Not important;~t all 4 · ... 3 3 7 3 

'pon't know 2 

There is more truth than poetry in the myth of Californians' love affair with the beach.. They are 
much more likely than Americans as a whole to visit an ocean beach at least several times a·year (72% 
compared to 40%): I However, the frequency vanes greatly aqoss regions: _46 pe~centof s()uth Coast 
residents go tothe be~chat least once a month, compared to 39 pe~cehtin the North Coast and 16 percent 
in the Inlandregion.liigher-income residents are more likely than those with lower incomes, and w'bites 
are more likelyth~ Latinos,_to visitthe beach more frequently. Not surprisingly, Californians who 
frequent the beach several times a month .are more likely than others tp say that the ocean is very 
important to them personally. 

"How often would ye>u say you visit a Qeach on the coast of California for any purpose?" 

Region 

All Adults North Coast South Coast Inland Latinos 

Once a week 16% 15% 23% .5% 12% 

Once a month 20 24 23 11 21 

Several times a year '36. 38 33 .39 .36 

Once a year 15 12 11 23 20 

Less than once a year 9 7 5 15 6 

Never 4 4 5 7 5 

1 Statistic for Americans as a whole is derived from a 1999 national survey commissioned by Sea Web.' 
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California Lifestyles 

Water Sports 

Among the six recreational uses of the ocean and bays thatwe asked about, swimming is by far the 
most common activity. Four in ten Californians say they have gone swimming in the ocean or bays i,n the 
past year. 

Ocean and bay swimming varies across regions and demographic groups. It is higher for South 
Coast (49%) than for Inland (39%) and North Goast (35%) residents, for men (47%) than for women 
(38%), and for Latinos (48%) than for whites (42%). Younger residents are much more likely than older 
residents, and people with higher incomes are somewhat more likely than those with lower incomes, to 
say they swam in the oce!!.n !!>r b11ys in the past 12 mo:nths . . ,. 

When: it comes to recreational or sport fishing, only 17 percent of Californians say they have fished 
. in the ocean or bays in the past year. While there are no differences acrqs.s the state's thre.e regions, men 

are rrtore than twice as likely as women to have partaken in this activity (23% to 11%). Asked about 
sailing or kayaking in the oceat?. or bays in the last 12 months, 14 percent of state residents say they have 
done so. Coastal-residents are twice f.l.S likely as those who live inland to say-they have sailed orkayaked 
(16% to 8%). Those with a college degree-are more likely thap. those with a high school diploma or less 
(20% to 6%), and those with an income of $80,000 or more are more likely than lower-income residents 
(24% to 10%), to say they have sailed or kayaked in theJastyear. 

• I 

"In the past 12 months have you gone ___ ...,........_ in the ocean orflie ll.~xs ofttu~ California c~ast?" 
.. 

P~rc~,ntag~ s~yin.g tf1ey haVE~ c!oqe Rep ion· 
th~ fbll9win.g activities in 12 mdnths ·All Adults North Coast South Coast Inland Latinos 

Swimming 43% 35% 49% 39% 48% 

Recre4Jiqpal or§ppt1Jishing 17 16 16 18 18 
" .. 

5ai!l~g o[l«waJring 14 15 16 R . 9 

1!foto,;b6<iting orlet skiing 13 10 13 14 15 

Suffinf] 10 6 13 9 8 

Snotkeling or scuba d1ving 8 7 9 8 5 

An even smaller percentage of state-residents say they have been motorboating or jet skiing (13%), 
surfing (1 0% ), or snorkeling (8% ). These activities vary by region. Mototboating or jet skiing is slightly 
more :popular in the Inland region (14%) and the South Coast (13%) than in the North Coast (10%). The 
South Coast region has a much higher percentage of residents (13%) than the North Coast ( 6%) or Inland 
region (9%) who say they have been stirfing in the past year. Residents with an income of $80,000 or 
more are more than twice as likely as lower-income residents (14% to 6%) to say they have gone 
snorkeling or scuba diving. More men than women say they have been motorboating (17% to 9%), 
surfing (15% to 6%), and snorkeling or scuba diving (12% to 5%) in the ocean or bays of the California 
coast in the past 12 months. 

Nearly half-of-state residents-(45%) have not used-the ocean orbaysofthe Californiacoast for any of 
these six activities in the past 12 months .. Twenty-seven percent have engaged in one water activity arid 
28 percent have engaged in two or more. Residents of the North Coast and the Inland regions (both 49%) 
are more likely than residents of the South Coast (40%) to say they have not used the ocean or bays for 
water activities in the past year. One in three of the South Coast's residents say they have· engaged in at 
least two or more water activities along the coast in the past year. 
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California Lifes~yles 

The percentage of Californians who say they have engaged in a water activity declines with age and 
increases with household income and the prese11ce of children. Latinos are somewhat more likely than 
whites, and men are much more likely than women, to say they have been involved in one or more water 
activities in the past year. Of the six in 10 Californians who say that the condition of oceans andb~;:aches 
is personally very important to them, two in three have participated in water activities on the coast during 
the past twelve months. In contrast, the majority of residents who attachJessimportance to the state's 
beach and ocean conditions have not been involved in any of the six water activities along the California 
coast in the past year. 

' Ocean/ Bay Activities2 

Two or 
more One None 

AI/Adults 28o/o 27% 45% 

South Coast 32 28 40 

Region No.rth Coast 23 28 49 

Inland 25 26 49 

Male 37 26 37 
Sex 

\ F~mi:ile 19 28 53 

18 to 34 36 31 33 

Age 3Sto54 30 28 42 

55 or. older 4.4 .20 66 

White 29 25 46 
Race/ ethnicity 

Latino 27 . 33 40 

High s6hool only 25 28 47 

Education Som~ college 29 27 44 

College gr<lQuate 30 26 44 

$4o;ooo or l~ss 25 27 48 

/ncom13 $40,QOOto l.lrider $80,000 . 27 29 44 

$80;00.0 .pr mo~e 36 26 38 

Children under 18 31 33 36 
Children at home 

No children under 18 26 23 51 

How important is Very important 33 30 ·37 
the condition of the Somewhat important 23 26 51 
ocean and beaches 
in California to you Not too important 18 13 69 
personally? Not important at all 13 10 77 

2 Activities include swimming, recreational or sport fishing, sailing or kayaking, motor boating or jet 
skiing, surfing, and snorkeling or scuba diving. 
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· · Califorol.~ Lifestyles 

seafoad Oiet · 

:The ·cons~trjption of fish apd se~food is also part ofthe California Hfestyle but n~t out ofli~e w1th 
national consumption: 54 four percent of acMt Californians say they eat fish or seaf<;>od often (i.e., once a 
weeJ~ or nior¢) at home or iri a :tiestaurant, 24 percent say they eat fish. or seafo'Od soirietime~~ 16 'pe~cent 
say rarely, and 6 percent say they never <;io. These results are similar to those in a 19~6 national survey 
conduoted for Sea Web. However, c<;>nsumption varies ;regionally !:!nd across popul~tion groups. South 
Coast residents (58%) often eat fish or seafood somewhat more than North 'doast (55%) and In1and (47%) 
residents. More men than women (57% to 51%), and more people without children than with children in 
their hou.seholds (57% to 50%), say they eat fish often at home()!; in resta1,1;rapJ~. Eating fish qr seafood 
tends to increases With income at~d ~ducation. Residents age 55 and older are much more likely than 
residents between the ages of 18 and 34 to say they often eat fish or seafood. 

"How often would yo\.1 say you eat fish ors~afood at home or in a restaurant..,...,.often,.sometimes, rarely, or never?" 

Redion Age 
;,-.. 

1~·34 35~54 55 years 
All Adults North Co~st South Coast Inland yeah{o'ld years old or older 

Often 54% 5~% q8% 47% 44% .55% 6{)% 

Sometimes 24 25 23 24 29 25 15 

Rarely 16 15 13 20 19 1.9. 14 

Never 6 ·5 6 9 8 7 5 

Eighty-two percent of Californians believe eating fish or seafood is very (47%) or somewhat (35%) 
important for a healthy diet, while 17 percent say it is not too important or not at all important. Belief that 
the he~ilth benefits of eating fish are very important is higher among South Coa::;t residents (51%) than 
North Coa!lt (45%) and Inl~nd (42%) resiqents. A:lthough men are m()te likely than women to say they 

· const;lrril:) fi,$h often, woJnen are more lt~~ly. tpap men to say it is V\iry i111pot1apt for: th,eir having a healthy 
diet (50% to 43%). The belief that eating fish and seafood is very important for health reasons increases 
with age (38% for ages 18-34; 49% for ages 35-54; 56% for age 55 and older). Although consumption of 
fish or seafood increases with education and income, belief il1 its dietary importance is similar across 
education levels but not across income levels: People in pouseholds wjth incomes of $40,000 or less are 
the most likely to say the health benefits are very importa11t. Overall, two in three of those who often eat 
fish say that seafood it is very imporl13,nt for having a healthy diet. 

"How important would you say that eating fish or seafood is to your having a healthy diet
very important, somewhat important, not too import;mt, or not at all important?" 

Frequency ofeating fish or seafood 

All Adults Often Sometimes Rarely Never Latinos 

Very important 41%. 64% -30% -24%·- -:20% 53% 

Somewhat important 35 31 48 40 15 31 

Not too important 11 4 18 24 7 9 

Not at all important 6 1 2 11 52 5 

Don't know 1 0 2 1 6 2 
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California Lifestyles 

Seafood Safety 

Many Califomia~1:s worry that the fish or seafood they are· eating might be hannfui to their health: 
83 percent say they are very (50%) or somewhat.(33%) concerned that the fish or seafood for sale is 
contaminated by ocean pqllution. People who frequently eat fish or ·seafood ate more likely than those 
who rarely or n(;)ver do to say they are very or somewhat concerned. about contamination. Women are 
more likely than men (55% to 46%) and Latinos are more likely than whites (62% to 44%) to say they are 
very concerned about this contamination. Concern about contamination tends to decline with higher 
income and higher education. 

"How concerii'ed are you that the fish or seafood for sale are contaminated by ocean pollution?" 

All. Freguency: of eating fish or seafood 

··Adults Often Somethnes Rarely Never Latinos 

Very concerned 50% .53.% 49% 48% 36% 62% 

Somewhat concerned 33 31 36 33 37 29 

Not too concerned 11 10 11 12 11 5 

Not at a! I ~l>ric:eroed 5 5 4 7 12 3 

Don'tkn9w 1 1 0 0 .. 4 1 
\ .. 

Most Californians are more worried about contamination-than about the nossibility.thatthe fish or 
seafo6d available fbr pu;chase is b~ing commercially oV~rfished .. Yet, eight i~ t~n state residents. say they 
are at least sdmewhatco~cemed and nearly ~our in 'to "residents are very. concerned about this. jssue. 
Conc.em varies regibrtally .and with consUll1ption of fish: North Coast (42%)and So1.1ih .Coast(4 VYo) 
residents aremore likelythaninla;d residents (30%) to.saytll.e:Y are very conc~med about this issue. 
People who .eat fish more 'frequeritly are .slightly m~re lik~ly than others to worry about overfishing . 

. ·, -··.. ·.~ 

"How co~c~rned ~re you th~t the .fi.~h or seafo9d for sale .are comrnercialiy overfished?" 

Freglienciofeating fish or'·seafood 

All Acjults Often Sc:llnetimes .. Rarely .. Never Latinos 

Very concerned 
... 

... 38% 40% 38% 35% '32% 41% 

Som.ewha.t.cohcerned 42 42 44 43 33 45 . 

Not tob concerned 11 10: 12 14 15 7 

Not at all concerned 5 5 3 6 13 4 

Don't know 4 3 3 2 7 3 
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Fish Friendly 

Bow much are pet'f'ish pal:t of the California lifestyle? Twenty ... (me percent of adult residents say 
they have an aqu<rri.um or other place wijere they ke¢p pet-fish· at home. People who live inland (25%)· are 
more likely ;than.residents of the Nollth {1:8%):<;>r·South Coasf(21%) regions to have•pet fish;· :Pet fish· are 
twice 'as prevalent in hou.seholds with children as in childless homes (30% to 14% ). People ages 18 to 54 
are more likely .than thpse age 55 or older (26% to 12%) and Latinos are more likely than whites (25% to 
19%) to he keeping .pe.t .fish. 

"Do you currently hav~ an aquarium or some other place at home where you keep pet fish?" 
l ... • ~ 

Children .at home 

No Latinos 

... ~1% ... ..···•· 1~% 30% 14.% 25% 

· 79 8Z 75 70 . 86 

For most,Californians, obse'i'vhig live fish in· action is also an a~pe'ct oftheir lei:sure and educational 
activities; National silrvt:)y:S iri.¢icate a siiriUar trend for all Americans. When ·asked Whether they had 
visited an aqu~ritu,n or otqer pul:g~l:! place. having live· fish, nea.rly thtee-qua,tters ~fall qalifomians _s~id 
theyhad: Majoritiesacross·a.tr:r~gi6nai; cieiiiogr~phic, atid iadal~d.ethrt{¢ groups s~y the)r'll.ave had this 
experience inte.cent ·yea:r;s; .. bti,tthete ate variations. For example, coastal re:si~~11t!;l ffotn both the NoJ.1h . 
(81 o/q)'imd $b~th (7Z'Yo) are frit)~~ iikety fum Inlaii~ 'residents '(6_8%) tb say they_ haVe Visited an aquarjum. , ; 
Whitesatem~re likdy tha.rt L~tinos to have visited such a plac~ (77% to 61 %). Sjmi~ar rilpftbt::rs. c;>f 
residents a.cross · a.ll a,ge ·groups s~y t1iey !lave visited·ari aquariu111 .. I:io~ever,' visit~ to ~quariums increase 
with educ~tion arid '1~c.ome ~d-t~e presence .~f ~hildr~p: People with children in their-. household ~e 
somewhat irto~e likeiy than tho1l~ who dbn't to say they have riiade these vi~its(76% t~-'71 %}. · -

.. . . ;· - · .. ' i - : -.. ' . j :: . ·•• ~- ' . . " : ' - . ·_ . \ - - . 

·~In the past few ye~r.s, have ypu visit~d an aquarium or oth~r.public.plac;es with live fish?" 

'" Region Children at home 
" .. 

All Adults North Cqas.t $~Uth C::oast Inland Yes No LatinQs 
••.. ,. .:< .. "•" .... .. 

7.3% 
.. 

61% Yes ; 81% 72% 68% 76% 71% 

No '27 19 2e 32 24 29 39 
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Survey Methodology 

The PPIC Statewide Survey is directed by Mark Baldassare, research director at the Public Policy 
. Institute of California, with assistance in research and writing from Jon Cohen, survey .research 

manager, and Eliana Kaimowitz and Renatta. DeFever, survey research associates. The survey was 
conducted in collaboration with The William and Flora Hewlett Foundation, The James Irvine Foundation, 
and The David and Lucile Packard Foundation and benefited from discussions with staff at the foundations 
and their grantees and colleagues at other institutions; however, the survey methods, questions, and content 
of the report were solely determined by Mark Baldassare. 

The findings Of this survey are based on a telephone survey of 2,004 California adult residents 
interviewed between October 24 and November 2, 2003. Interviewing took place on weekday nights and 
weekend days, using a'computer~generated randorri sample oftelephone numbers that ensuredthat'both 
listed and unlisted telephone numbers were called. All telepho~e'exchanges in California were eligible for 
calling. Telephone numbers in the suryey sample were cal!ed up to six times .to increase the likelihood of 
reaching.eligible households. Once a household was reached, an adult respondent (age is or older) was 
randomly chosen for interviewing by using the "lastbirthday method" to avoid biases in age and gender. 
Each interview took an average cif 18 minutes to complete. Interv'iewing was conducted in English or 
Spanish. Casa Hispana translated the stiivey into Spanish; and Schuhmin, Ronca & Bucuvalas, Inc. 
conducted the telephoneirtterviewing. 

Weusedr~certt U.S. Censu~ and state figures to compare the c:iemographic characteristics of the survey 
sample,with characteristics ofCalifomia's aclultpopulation. The sux:vey sample wascloselycomparable to 
the census and state figures. The survey data in this report ~ere st~tistically weighted to account for any, 
demographic differences . 

. The SC1Jllpling errorfor the total.sample of 2,004 adults is+/- 2 percent at the 95 percent confidence 
level. This means that 95 times out of 1 00,. the results will be within 2 percentage points of what they · 
would be if all adults in California were interviewed. The sampling error for subgroups is larger.· Sampling 
error is only one type of error to which survey:,s.are subject. Results may also be .affected by factors such as 
question wording, question order, and survey timing. r 

In this report, we divide the state into three geographic regions. The "North Coast" region (25% of the 
state's population) refers to the counties along the California coast from Del Norte through San Luis 
Obispo. This region also includes the San Francisco Bay Area counties of Napa, Solano, Contra Costa, 
Alameda, and Santa Clara. The ~'South Coast" region (47% ofthe state's population) includes Santa 
Barbara, Ventura, Los Angeles; OraiJ.ge, and San Diego counties. All ()ther counti~s are included in the 
"Inland" region (28% of the state;s populatjon). · 

We present specific results for Latinos because they account for about 28 percent of the state's adult 
population and constitute one of the fastest growing voter groups. The sample sizes for the African 
American and Asian subgroups are not large enough foJ: separate statistical analysis. We do compare the 
opinions of registered Democrats, Republicans, and independents .. The "independents" category includes 
only those who are registered to vote as "decline to state." 

In some cases, we compare PPIC Statewide. Survey responses to responses recorded in national 
surveys conducted by Melhnan Group for Sea Web in 1996, 1997, 1999, and 2001; by Beldon Russonello 
& Stewart and American Viewpoint for the Ocean Project in 1999; and by a California voters' survey 
conducted by Edge Research for Sea Web in 2002. We used earlier PPIC Statewide Surveys to analyze 
trends over time in California. 
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PPIC STATEWIDE~~:~~.~~ S~E7~pv~~~~iY2~~0~~E ENVIRONMENT 

21004 CALlfOR~I~ AP,.l)L.T :RI;SlDENTS; ENGLISH-AND SPANISH 
MARGIN OF ERROR+/~ 2% AT 95% CONFIDENCE LEVEL FOR TOTALSAMPLE .... ' . - .. ., ' .. '• . ,· · .... · ' .. ' ' . . . . . . . ,., 

/' 

1. Do you think things in California are getierally going 
in the right direction or the wrong direction? 

32% right direction 
52 wrong direction 
16 don'tknow 

2. Do you think that during the next 12 months we will 
have good thnes finap:cially or bad times? 

39.% good times 
47 bad times 
14·. don't know '· 

Next, I am going to read to you a list of envirpmp.eqtal 
. issues in the state. Piefise t¥1.i me if you th~,eachA'>fthe 
following is a big prdbJetn, somewhat bfa problem, or not 
a problem in Califonua tod~y~ Irotiite·questioii 3 to 8} 

'• 
3. How about oce~ii and bt:~ach pdllution a.long the 

. California. ·coast? ·. · · · · · 

53% 'Pig problem 
34 .. '~omewhat .of a problem 
9 . not a problem . 
4 ddli't kiiow 

4. How al:>out uibM qnd agricultural runoff polluting 
lak;es, rivers; attd Sttr¢ams? 

··51% bi:g,probletn 
34 somewhat of a problem 
10 not a problem 

.5 don't know 

5. How about toxic substances contaminating soil and 
grounpwater? 

53% big problem 
34 somewhat of a problem 

8 not a problem 
5 don'tknow 

6. How about urban growth and air pollution damaging 
the forests in the Sierra mountains? 

52% big problem 
31 somewhat of a problem 
11 not a problem 
6 don'tknow 
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7. How about the le>gging .of old~growth redwoods in 
Northern Californi.l;!.? 

38% big problem 
29 somewhat of a problem 
20 not~~ problem 
13 don't know 

8. How about l.lrban develop~ent h1:1rming wildlife 
habitats and enclarg;erecl species? 

40% bjg'problem 
36 somewhat of a problem 
20 not a problem 
4 dRn'dmow 

Next; I. arn i~t~resteqjn your views about ocean and 
marin~; Hfe .alohg,the 'California coast. ,, 

9. Over the past20:years, do yoi.dhitikthe condition of 
the ocean {along the 'California ·coast) ha.S gotten 
better, stayeq abi:>ut.the sarne, or gotten worse? 

52% gdtteiiwotse· 
26 st&yed abol,lt the same 
13 gl'1ttt;:n.better 

9 cion't know 

10. Thinkfug~boutthe oye,rall health and qtiality of the 
oceab. ·{along the Ca1ifornia coast) today_:_::would you 
rate :Them aS' eXcellent, good, fair, or poor? 

3% excellent 
25 good 
46 fait 
23 poor 

3 don'tknow 

11. Twenty year~ fro:m now, do you think the condition 
of the ocean (along the California coast) will have 
gotten better, stayed about the same, or gotten worse 
than it is today? 

45% gotten worse 
26 stayed about the same 
23 gotten better 
6 QQp'tkr!9W 



[rotate questions 12 and 13} 

12. How important is the condition of the ocean and 
beaches to the quality of life in Cali_fornia~very 
important, some'Y11at important, not t.oo import~t, or 
notimportant at aliT · · ··· · · · · 

69% very important 
26 ·.somewhat important 
· 4 not too important 

1 not important at all 

13. How important is the condition of the ocean and 
beaches.to the economy in California- very 
important, somewhat important, not .too ii:riportant, or 
not important at all? · ' 

61% very important 
30 somewhat important 

6 not too important 
1 not important at all 
2 don'tknow 

14. How important is the condition ofthe ocean and 
beach~s in California to you personally~is it very 
important, SotrJ,ewhat important, nottooirriportant; or 
not i.Il1Poft.~rit at ~11? 

60% veiY important. 
.28 ·~ ~omewhatimportant 

7 not too impOrtant 
4 ,, hot impqrt:mt at all 
1 don'tkiiow 

. ·' 

Next, I am goil}gto.list some specific prbbJ~ms that sorne 
people sayaffect our ocean and marin~ lifejn Cali~orn.ia 
today. Aftef~ach, piease tell m~ w:heth~h~u il#ilkit is a 
bigproblern, ~oipewhat of aprol*~Ill• ot not.a:Brobi¢rn in 
·the part of California coast that is closest to you. · 
[rotate question 15 to 20} ·· 

15. How about ocean and beach pollution from streets and 
storm drains? · 

52% big problem 
34 somewhat of a problem 

9 ·nqt a problem 
5 don'tknow 

16. How about too much growth and development on the 
coast? 

36% big problem 
35 somewhat of a problem 
24 not a problem 

5 don'tknow 
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17. How about limited public access to the coast and 
·· beaches? · · 

20% blg problem . 
38 somewhat of a problem 
37 not a problem 
5 don't know 

18. How about overfishing (depleting the fishing stock) 
by commercial fishing boats? · 

36% big problem 
35 somewhat of a problem 
20 not a problem 

9 don'tknow 

19. How about the contamination of fish and seafood? 

52% big problem 
32 somewhat of a problem 
12 not a problem 
4 don'tknow 

20. How about declining numbers of marine mammals 
· such as whales and sea otters? · 

·. 44% 
30 
19 
7 

'.) 

l>ig problem 
somewhat of a problem 
not a: problem 
don't know 

Next, I am going to list some policiesthat people have 
proposed to help protect the ocean: and mai:i.D.e. life on the 
California coast. 'Foi ~ach that 1 mention, p}eas~:'tell me 
if you would ·favor or oppose taking such an aCtion. 
[rotate question2I.to 26] 

21. llowabout prohibiting more 6il drilling off the 
California coast, e:ven ifthis means .higher gasoline 
prices for California drivers?. 

50% favor 
45 oppose 
· 5 don't know 

22. How about creating more marine reserve.s off the 
California coast, even if this means that some ocean 
areas will be off-limits to commercial and 
recreational fishing? 

75% favor 
21 oppose.· 

4 don't know 

23. How about only selling fish or seafood that was 
caught or Jarmed in ai1 environmentally safe manner, 
even if this means paying higher prices in California 
stores and restaurants? 

67% favor 
28 oppose 

5 don'tknow 



24. How about restricting the private d~v~lopment ofland 
along the Califcirnia coast, ev~n if thi~ metw.s that there 

· will be less housing available near the oceah.and 
beaches? · · 

69% favor 
21 oppose 
4 c1ou't J,mow 

25. How about improving the water quality from storm 
drainage and sewer treatment plants that feed into the 
oceans, even if this means that Californians will be 
paying higher utility bills? 

72% favor 
24 oppose 
4 don'tknow 

26. How about protecting the wetlands and .habitats near 
the bays and beaches,' ¢ven if this means there will be 
less commercial and recrej;itional activity near the 
California coast? 

77% favor 
18 oppose 
5 don.'t.kn.ow 

27. Changing topics, overall do yop approve or disapprove 
of the way that George W. Bush i~ handling his job as 
president of the United S.tates? 

· 48% "approve · 
46 disapprove 

6 don'tknow 

28. And do you approve or dis::),pprove of the way that 
President Bu$h is handling' environmental issues in the 
United States? 

35% approve 
49 dtsapprove 
16 don'tlmow 

29. Overall, do you think that the federal government is 
doing more than enough~ just enough, or not enough to 
protect Jhe coastal and marine envitonrtlent in the 
1Juited States? · 

54% not enough 
32 just enough 

6 more than enough 
8 don'tknow 

30. Next, in thinking about the presidential election in 
2004, how important are the candidates' positions on 
environmental issues in determining-your-vote-very 
important, somewhat important, or not important? 

42% very important 
45 somewhat imp9rtant 
11 not important 
2 don'tknow 

-23-

31. Which political party -[rotate] the Rep1;1plican Party 
or th~ Democ::ratic Party-do you trust to do a better 
job iri h@dling environmenta~-is:3Ues in the United 
States? ' 

4 7% Democratic Party 
26 Republican Party 

2 other j;il?-~\Y~f (s.Perjfy) 
3 both equally (volunteered) 

11 neither (volunteered) 
11 don'tknow 

32. Turning to the state, from what you know so far, 
overall do you approve or disapprove of Governor
elect Amold Schwarzenegger's plans and policies for 
California's future? 

47% approve 
25 disapprove 
28 don't know 

33. In terms of priorities fot Governor~elect 
Schwarzenegger, shol,lld protecting the environment 
in Ca:lifornia b~ a top priority, important but lower 
priority, fiot toO ~hlporta:nt, or should it not be done? 

32% top priority 
57 importailt bUt low~;:rpriority 

8 not too ~portant' 
2 should not be done '- ··(:1 ,. 
1 don't know, 

34. When it come~> to the state policies that you would 
prefer from the Scliwarzenegger adniinistr~tion, 
which comes closer. to your views? '[rotat?L 
protection orthe envito:rini.eJ;lt ~hquld be given a 
priorlt)r' evep. at. tl).e risk of curbhi.g economic growth; 
or ecort6mic 'gr6Wth shOttld be'iiven a·prlority, even 
if the environ1nent suffers to soine extent. 

49% protection of the environment should be a 
priority 

42 economic growth should be a priority 
9 don'tknow 

35. Overall, do yo11 think that the $tate government is 
currently doing more than eno11gh, just enough, or 
not enough to protect the coastal and marine 
environrrient in California? 

44% not enough 
40 just enough 

7 more than enough 
9 don'tknow 
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36. The state government faces a large budget deficit, and 
program cuts are needed to balance the buqget. Should 
the state [rotate] continue to fund environmental 
programs at the current level even if it mearis less 
funds for other programs; or redu~e fundin:g for 
environrriental programs, so that more funds are 
available for other programs? 

' ' • ' I 

48% continue to fund at cu'rrentlevel 
35 reduce funding 

5 other answer (specify) 
12 don't know 

36b. Which branch of government -[rotate] the federal, 
state,. or local govemmen:tL:-do you trust to do a better 
job in handling maririe and coast~l issues in California? 

42% stat_e government 
30 local government 
14 .· federal government. 

2 ·. qtheranswer (specify) 
.2 not1e (volunteered). 

10 don~tknow 

3 7. Overall, what do. you think of the California Coastal 
Conunission when it comes to controls. on 
developtn~nt~are they too strict,. about right, or not 
strictenqrtgh? · 

38% .not strict enough 
31 .; apout right 
11 too strict 

3 riever he,ard of the Conunission (vplurzte,ered) 
17 don'tknow 

38. Next, how often would you say you eat fish or seafood 
at home or jn ~ t;t::staui"ant-s~yefal tirries .a. w,e~1;, a.bo11t 
once a week, sometimes, rarely, or never? 

21% several times a week 
3 3 aboli.t once a week 
24 sometimes 
16 rarely. 
6 · never 

39. How important would you say that eating fish or 
seafood is to your having a healthy diet___:_:very 
important,. somewhat important~ not too important, or 
not at all important? 

4 7%. very important 
35 somewhat important 
11 not too important 
6 not at alrimportan:t 
1 don'tknow 
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40. How concerned are you that the fish or seafood for· 
sale are contaniinated by ocean pollution-very 

·concerned, somewhat concerned, not too concerned, 
or not at all concerned? 

50% very concerned 
33 somewhat concerned 
11 nottoo concerned 
5 not at all concerned 
1 don~tknow 

41. How concerned are you that the fish or seafood for 
sale are conunercially overfished-very concerned, 
somewhat concerned, not too concerned, or not at all 
concerned? 

38% very concerned 
· 42 somewhat concerned 
11 not too concerned 
5 • not ata:ll concerned 
4 dori't know 

42. Next, how often would you say you visit a beach on 
the coast of California for any purpose- once a 
week, once a niorith, several times a year, once a 
year, less than once a year, or never? 

.16% ort~eaweek 
20 once amonth 
36 several times a year. 
.15 once a year 

9 le.ss than once a year 
4 never 

On another topic, please tell me if, in the past 12l:months, 
you have done the following in oro.n the ocean or bays of 
the California £oast, , 
[rotate question 43 to 48} 

43. In the past 12 months, have you gone swinuning in 
the ocean or bays of the California coast? 

43% yes 
57 no 

44. In the past 12 months, have you gone recreational or 
sport fishing on the ocean or bays of the California 
coast?· 

17% yes 
83 no 

45. In the past 12 months, have you gone sailing or 
kayaking on the ocean or bays of the Califorriia 
coast? 

14% yes 
86 no 

'· .. , 



46. In the past 12 months, have you gone surfing on the 
ocea~ or b~y~ .ofthe California coast? · 

10%· ye~ 
90 no 

47. In the past 12 months, have you gone snorkeling or 
scuba diving in the ocean or bays of the California 
coast? 

8% yes 
92 no 

48. In the past 12 months, have you gone motorboating or 
jet skiing on the ocean or bays ofthe California coast? 

13% yes 
87 no 

-25-

49. In th~ past few years, have you visited an aquarium 
or o~er public places with live fish? 

.. 73% yes 
27 no 

50. Do you currently have an aquarium or some other 
place at home where you keep pet fish? 

21% yes 
79 no 
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'First flush' .pollutants washed away 
Testing after initial rain has been difficult 

.l:"age 1 ot L 

sroCKTON - Once a year, the first winter rains rinse a varied mix of pesticides, bacteria and other 
nasties through Stockton's storm-drain system and out to the Delta, poisoning fish and plants. 

But exactly how much pollution swims through the city's drains and canals remains largely unknown. 

City officials qre required to sample what is known as "first flush"- heavy rains that wash away ground 
pollution bul,lt 'up for months. But often officials don't, because unpredictable weather makes it tricky, if 
not impossible, to capture the water that would show the true amount of pollution. 

"We kihd of sit in a strange situation in Stockton. You never know what storms are going to hit us," 
said Robert Murdoch, the city's stormwater manager. "They always come at the worst times." 

Although th~cltyhas been monitoring stormwater since getting a perrnitfrom the state in 2002, it 
failed w· capture first-flush samples during the 2003-04 rainy season .and again in 2b04-05. 
A2oo·1 study found pesticides and other pollutants that built up on the city's lawns, streets and gutters 
were rinsing into the Delta and killing fish. 

).,th · ·· • ...,..., • ...,.., in stormwater throughout the rainy season%;~~itq~qpl,~jtif.~1~Tiu§)w·\ 
'• . ~~~·~~~~.:~:. •••.•. .;:,_,i .. ~.·:~ 

''Es'pediaUY here i·n Califa'rnia, where we have this nine months of accumulation without rain, that first 
flush ·cah :bE3 ldad~:d with pollwtants of various types that would not occur in subsequent storm events," 
said G. Fred Lee, ah environmental consultant based in El Macero, near Sacramento. 

lh the 2005-06 rainy season, officials managed to do better, snaring stormwater at two of its four 
stations during rains that fell Dec. 1. But there wasn't enough rainfall at the city's Duck Creek station; 
~rid at the American Legion Park station, a device failed that lets operators know when water is 
coming through. 

The city needs at least a quarter-inch of rain after a dry period to measure runoff. But weather 
forecasts are deceiving, Murdoch said. 

Sometimes forecasters predict a storm will dump an inch of rain on the city, but it doesn't come. 
sometimes a tenth of an inch ofr:ai.h is p(edictedl ancl the city gets doused. Sometimes storms split, 
and_rain falls.on.one area _ _of town_ and noJanoth~r. Murdoch said. · 

"You physically have to have people in the field in these locations at different times and as needed," 
he said. "It cat1 be iabor-intensive for a very short period of tirne .... There have been rnany, rnany 
±imes when you mobilize, you get everything set up and prepared and everything, and you don't get 
)nough rain." 

Although first-flush samples are considered important, the state does not require them. 

According to its storrnwater permit, th 

http://www.recordnet.com/apps/pbcs.dll/artL 

- --..,.._k._ water from two storm "events" each year, 

egory=NEWSOl&ArtNo=6011603... 1117/06 
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not just the first flush. But Stockton apparently has had trouble doing that, too; 

)~~ .... 

·n 2004, the city violated the conditions of its stormwater permit by missing a number of chances to 

( 

capture samples during several rainy periods, according to the state Regional Water Quality Control 
· Board. The city was required to correct the problem. · · · 

"They provided a really vague reason," said Brett Stevens, an environmental scientist with the stale 
board. "Their argument was it took them five months to prepare for monitoring,and they couldn't do it 
any quicker .... We felt they could." · 

The city also needs to make "a good-faith effort" to sample first-flush water even if there is no penalty, 
Stevens said. 

"It's usually the storm event that is the worst water quality," he said. 

HarryMorrow •. wateroperations director for OM I-Thames, which runs Stockton's sewer and 
stormwater systems, said officials are being more diligent about capturing first-flush se3mples. "I would 
like to think we're monitoring things a loUnore closely,and we're better able to react," he said. 

!(takes aqoutc:m hour. after officials hear a storm is coming to get people out to the monitoring 
. stations, Morrow said. .. · · · . . · · 
r0.uch bf the city's stormwater drains into Smith Canal, ~hich rec;ently was listed as one of the most
pollqt~d waterways in the state. A.2002 study by Lee, the El Macero consultant, which was sponsore-d 
bythe environmental group DeltaKeeper, fou.nd the canal's.li:wels of pathogens and pesticides w~re 
~igh enough to harm people and fish. 
) 
' . . 

/Randy Norman, a member of Friends of the Smith Canal, believes the city is making strides~ 

''I haven't really cmything nege3tive to say other than it's been pretty slow," Norman said. "Tile positive 
·thing i"s we're moving fdhtilard, and we're seeingprogress." 

. ,. . ~ . • ' ;· !,' '. •., .... . ., '; ~-. . • • . ' • 

Contact reporter Warren Lutz at (209) 546~8295 or wlutz@recordnet.com 
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Aquatic Pro·cesses and .;;Systems in Persp·ective 
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Introduction 

This latest l'er~jJective on Aquetlic Pro
cesses focuses on a topic of great value 
but one that receives little atten
tion-that of the need for water q ll!l!ity 
monitoring. Research often gets more 
attention from the public and from fund; 
ing agencies, but it is monitoring-parti
cularly long term progn\mS-'-that 
provid!:! the necessary data to detern:line 
tJ:encls in assessing ecosystem health. 
Monitoring programs have been receiv
ing less and less support (and collecting 
few~r and fewer data), inch1ding those of 
the veJierabie U.S. GeologicalSUtvey 
(USGS), which has had water mo11itor
ing as centralto.its mission for 130 years. 
It .is po$sible that there will I!Ot b.e suffi
cient data available to assess overall en
vironment~:~! quality trei1ds in the near 
future. We cannot effectively manage or 
protect our environment without under
stanqing its condition, Withou.t the i)l'o
per water monitoring data, we cannot 
develop models for management or fore
casting.· Ti1is Perspective is contributed 
by Dr Robert Hirsch and his colleagues 
at the USGS, ana makes a strong case 

for the need for monitoring and discusses 
the erosion in support of these programs. 

Robert M. Hirsch, PhD, has served as 
Associnte Director for Water nt the 
USGS since 1999, and is responsible for 
all USGS water science programs. He 
has served as the leader of USGS water 
programs since 1994. He represents the 
interests of the USGS in scienti:(j,c, tech
nical, and leadership aspects of 11ydrol
ogy. and serves as the Di!:ector'sprincipal 
<Jdvisor on water-relilted issues. In his 
capacity as spokesperson for the USGS 
and its water resoi.li'ces mission, ·Hirsch 
holds the title of Chief Hyclrologist. lie is 
Co-Chair of the il;ter-1\gency Subcom
mittee on Water Availability and Quality 
(SWAQ) of the National Science and 
Technology Council (i"TSTC). Dr Hirsch 
is a Felio'w of theAmericfln Association 
for the Advance111ent of Soience and an 
active member of the American Geophy
sical Union and the American Water 
Resources Association. Pixie A. Hamil
ton began her cai·eer as a hydrologist 
with the. USGS in 1984 and served as 
the Water Science birector of USGS 
water programs in Virginia from 
1994-1996. Since then she has served as 

<t hydrologist and water information co
ordinator for USGS's National Water
Quality Assessment (NA WQA) pro
gram. Timothy L. Miller has worked 
for the USGS since 1973, and has been 
the Senior Advisor for Water Quality 
since 1997. Prior to coming to USGS 
Headquarters in 1987, Mr Miller worked 
for USGS in his natiye Oregon. He now 
serves as the Chief of the USGS Office of 
Water Quality. He served as Chief of the 
NA WQA program from 19Q5 to 2003. 
The NA WQA program have been col
lecting mid analyzing data and informa
tion in more than 50 major river b<1sins 
ai1d aquifers acr6ss the. US since 1991. 
The g(.la1 is to develop long-term consis
teJ.1t a!'1d compftrabl~ info1'rnation on 
streams, grotuid water, and aquatic eco
systems to SlliJPort sound· mam\gement 
and policy decisi011s. 

Deborah L. Swackhamer, PhD 
Associat~ E;ditor 

Professor and Co-Director 
Water Resources Center 

173:I\1cNeal Hall 
University of Minnesota 

St Paul, MN 55108, USA 

U.S. Geolog'ical Survey perspecti·ve on 
water-q:uaHty monitoring a·nd assessmentt 
Introduction 

Protecting ahd enhancing the quality of 
rivers and streams has become a high 
priority across the United States (U.S.), 
generating substantial discussion and 
many reports on tl1e current status and 
needs for monitoring in the future. Sev
eral studies, for example, by the Govern-

t The opinions expressed in the following 
article are entirely those of the author and 
do not necessurily represent the views of either 
the Royal Society of Chemistry, the Editor or 
the Editorial Board of JEM. 
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ment Accountability Office (2002, 
2004), I •2 and The H. John Heinz m 
Center for Science, Economics, and the 
Environment (2002)3 have documented 
the inadequacy of current water-quality 
monitoring efforts in the U.S. in recent 
years, ai1d poiJJ,t to the lack of consistent 
and comprelJensive, national-level data 
(Box 1). The stuc)ies report that lack of 
data has lead to (a) possible serious 
problems that go undetected; (b) a lim
ited ability to develop cost-effective man
agement and regulations; and (c) an 
inability to determine whether water 

quality is getting better or worse. (These 
reports can be accessed directly at http:/ I 
water. usgs. gov jwicp/acwijmonitoring/ 
network/links.html.) While the U.S. 
Geological Survey (USGS) acknowl~ 
edges the issues, and actively participates 
iri many of the ongoing discussions, we 
would like to address some of the critical 
scientific considerations that are funda
mental to successful water-quality 
monitoring programs, regardless of, 
and transcending any organizational 
and political agendas, regulatory respon
sibilities, and jurisdictional boundaries. 

This journal is t?- The Royal Society of Chemistry 2006 



Box 1: Current status of U.S. water~quality monitoring 

Several studies by the Government Accountability Office (GAO, 2002; 2004),1.2 The H. John Heinz III Center for Science, 
Economics, and the Environment (2002),3 National Research Council of the National Academies (2004),4 and other 
organizations have documented the inadequacy of water-quality monitoring and assessment efforts in the U.S. Overall 
findings point to a lack. of.consistent P.nd com:prel1ensive, natio"1al-level data; the'possibility that.serious problems may go 
undetected; data gaps that limit cost-effective JJ)anagement and regulation; and a h1ck of information on whether water quality 
is getting better or worse. The most recent GAO study was done in response to the 20021-leinz Center "State of the Nation's 
Ecosystems'' report that identified l 00 key indicators needed for monitoring ecosystem health and measuring the efficacy of 
environmental protection, and reported that high-quality data existed for only half of the indicators. The GAO stLJdy noted 
continued slow financial.erosion of U.S. water-quality data, reporting that 6 of 20 Federal programs-including the USGS 
Nat!onal Water-Quality Assessment and National Stream Quality Accounting Netwo1'k Programs-that had produced high
quality environmental indicator data used in the 2002 Heinz report may not be able to cont!nue producing data of comparable 
quality, quantity, and scope for the planned 2007 Heinz report and more generally over the medium-term future (Government 
Accountability Office, 2004).2 Specific findings cited in the GAO report and otl1er reports on monitming can be accessed at 
http: j jw.ater. usgs. go v jwicp/ acwijmonitoringjnetwork/links.html. 

Changing issues, changi.ng 
questions 

Before the U.S. Clean Water Act was 
implemented in 1972, many rivers flow
ing through urban centers were.subjecteo 
to "point" discharges of sewage and 
industrial waste. Point source contami
nation can be traced to spec1fic "end-of
pipe" points of discharge or outfalls, 
such as from wastewater treatment 

, plants, factories, or combined sewers. 
Water~quality issues generally were.acute 
in nature, including biologically dead 
1ivers, fish kills, gross contamination; 
and massive algal blo0111S. Such ]ssues 
culm]mit~d on Jui1e 23: 1969; wlien Cle
veland's oily, contaminated Cuyaho~a 
River caught fire, attributed to wastes 
·dumped into the tiver ·by the waterfront 
i11dustries. The Cuyahoga River became 
a poster child Jor the F.ederal clean water 
legislation that followed. 

Although water-quality violations still 
occur, the legislation and investments in 
wastewater-treatment technology that it 
spawned have had a positive effect oD 
water-quality conditions. Today, the 
overwhelming majority of water-quality 
problems are caused by a myriad of 
"nonpoint" sources of pollutiOJ) from 
agJj(;~!l1:_1,1_J:§:1 :PI~.l!l1, .?-J:ld .S:t:Jbl]rg_an J.m'!.<i;. 
forest harvesting; energy and mineral 
extraction; and the atmosphere. The 
U.S. reauthorization ofthe ciean Water 
Act in 1987 added some provisions to 
begin addressing nonpoint sources and 
storm w.ater, but legislation 
actions only so far. 

The nature of water-quality issues fa
cing the U.S. has substantially changed, 
])pth in geographic scale and over time. 
First, nonpoint-source issues are larger 
in scale than more localized, site-sp:ecific 
point-source issues, and include many 
diffuse and widespread origins within a 
watershed and even across regions and 
the. nation. Sources and delivery systems 
are more difficult to pinpoint, evaluate, 
and control. Second, the amount of pol
lution delivered is highly variable-from 
hour to hour and season to season
making it difficult to quantify nonpoint-

. soui·ce. contributions ovei tim.e'. Tl]ii:i:l, 
the number of nonpoint-source contami
nants is significantly larger than those of 
30 years ago, when concerris about water 
quality focused mostly on the sanitary 
quality of rivers and streams, including 
bacteria, turbidity, temperature, nutri
ents, and dissolved-oxygen concentra
tions. While tbese factors are still 
irnportant, over the last 25 years new 
and more complex issues have emerged. 
For example, hundreds of synthetic or
ganic compou11ds, including pesticides 
and volatile organic compounds (VOCs) 
in solvents and gasoline have been intro
d1J~ed into tbe environment Fourth, 
nonpoint-source contamination is sub
ject to, and largely influenced by, the 
natural and altered landscape and the 
type of human activities that take place 
on that landscape as water and asso
ciined contaminants move over the land 
and into the ground. Even given similar 
nonpoint sources within a watershed, 

This journal is l£. The Royal Society of Chemistry 2006 

differences in hydrologic processes and 
dehvery mecbai1isms, land-management 
activities, and natural features, such as 
soils, geology, topogn}phy, and climate 
may result in one watershed being more 
vulnerable to contamimttion than an
other, and thus require different n1anage
ment strategies to protect or improve 
water quality. 
· Successful implementation of 11Qn
point (:Olltrols and support jn the politi
.cal and . legal systems depends on 
monitoring systems ~.liat help to identify 
a]1d g1..1antify possible nonp()ipt sources. 
Equally important; monitoring must 
·clem'ly link water-quality conditions witb 
the caiisesoftbosf:coi~idiho;i:s, wb.ieli a:re 
in turn related to the natural landscape, 
hydrologic processes, and human activi
ties-building towards an 1.lnderstanding 
of how, when, where, and why water
quality conditions vary among water
sheds across the nation. Sustainable, 
high-qmi.lity wat~r and effective deci
sion-making depend greatly on this 
scientific understanding. 

Monitoring for scientific 
understanding of how and why 
watersheds work 

What does monitoring for scientific un
derstanding really entail? Primarily, it 
requires a design (referred to here as 
"iargeted") in which sites are selected 
because they represent certain human 
activities, environmental settings, or hy
drologic conditions during different sea
_sons or times of year. For example, sites 
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may be selected to assess the .effects of 
agriculture and urban land-use practices 
on pesticide and nutrient contamination 
in streams. A targeted monitoring design 
requires a11Cillary information on land 
use, chemical sources of conUtmim1tion, 
naturallandsc!q)e feafm;es, and hydroloc 
gic transport. Such a design also requires 
the collection of various data. 

Data required for a targeted monitoring 
design 

Over different seasons. USGS assess
ments genentlly show low concentrations 
of contaminants, such as pesticides, in 
streams for most of the year-lower than 
most sHmdards and guidelines estab
lished to protect aquatic life and human 
health. However, the assessments also 
show pulses of elevated concentrations
commo)lly 100 to I 000 times higher
during times of the year associated with 
rainf<tll• ~md chemical appliqttions than 
duri~1g otber times of the year (Gilliam et 
a/., 2006).5 Such pulses could !_!ffect aqua
tic life at critical points in the life cycle 
·and also affect drinking-water supplies 
for short periods. These conditions can
not be described in a meaningful way 
unless repetitive, time- and flow-depen
dent, monitoring is conducted at given 
sampling locations, with a substantial 
part of that sampling focused at times 
that are prone to large water-quality 
changes. Mtiltipie samples are less criti
cal in ground water as changes occur 
more slowly and generally are less inftu
e\1ced l:)y seasonal conditions or indivi
dual hydrologic events. 

Among different land uses. Water
quality conditions differ substantially 
among different land-use settings, such 
as agricultural, urban and more pristine 

are relatively undev(!loped. 

( Gj!)i~m et !!.L . 2.00_§). 5 Wa_!.er-_g_uali ty 
conditions also vary considerably within 
land-use settings by crop type and land
use practices. For example, USGS as
sessments show that concentrations of 
phosphorus, sediment, and selected pes
ticides are higher in streams draining 
agricultural fields with furrow irrigation 
than in streams draining agricultural 
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fields with sprinkler irrigation (Hamilton 
et a/., 2004). 6 

In different geologic or climatic set
tings, Tl1e setting-whetlwr it is sand 
and gravel or igneous rock-affects 
how. readily water and associated con
tamimmts move over the land and into 
the ground. USGS studies show, for 
eX!1111ple, that ground water underlying 
intensive agricultme in parts of the 
Upper Midwest is minhm\lly contami
nated where it is protected by relatively 
impemieable &oils and glacial till that 
cover much of the region, and yet sub
surface agdcultural tile drains and 
ditches provide quick pathways for con
taminant delivery to streams in this same 
area (U.S. Geological Sui·vey, 1999).7 

Siinilarly, climate can have profound 
effects on water quality. Water-qttality 
copditions assochLted with a particular 
land-use practice in a hot, dry climate 
can differ substantially from those asso
ciated with a similar practice in a cold, 
wet climate. 

During different hydrologic condi
tions. A large part of the variation in 
water quality at a given location on a 
stream is determined by stream flow. 
Amounts of contm11inants measured at a 
sampling location or entering a receiving 
water body, such as a lake, reservoir, or 
estuary can increase S!lbstantially from 
year tb yea!' shripl)' because ofliigh flows 
during wet environmental cmlditions. 

Including biological characteristics. 
Water quality and biological systems 
are . closely i1iterconnected. Aquatic or
ganisms, such as algae, macroinverte
brates, and fish are susceptible to water
q\Iality degradation. Meaningful water-· 
quality assessments therefore depend on 
biological monitoring and detennina
tions of how the biological response var
ies among diverse hydrologic settings. 

Over the long term. Water quality 
co1~tinual}y c_ha!?_g~s. The . chm~ges can 
be relatively quick-within days, weeks, 
or months, such as demonstrated in 
streams in the Midwest where the types 
of herbicide's used on corn and soybeans 
have changed. Or, changes can be rela
tively slow, such as in aquifers where 
changes can take decades because of 
slow ground-water movement (Gilliam 

et a/., 2006), 5 Without comparable data 
collected over tini.e, long-term trends 
cannot be disti11guished from short-ten11 
fluctuation~, and natur~il :fluc1.uations 
cmmot be distinguished from the effects 
of hu111~1n activities. Consistent and 
systemt\tic loniHerm monitoring· also is 
critical to evaluating \Nhether environ
mental !Ulcl. mamtgement strategies are 
working, and to choosing the most 
cost-effec[ive resource-management stra-
tegies for the future. · 

Solving water-resource issues 

Targeted monitoring and the resulting 
scientific understanding help to answer 
questions, such as "Why do water-qual
ity conditions occur and when? Do cer
tain m1tural features, IEmd uses, human 
activities, and management !lCtioJis affect 
the occurrence and movement of certain 
contaniinarits? Is wat~r qua:lity getting 
better or worse?" The information helps 
decisio1~-makers to more cost-effectively: 
(I) identify and prioritize those streams, 
aquifers, and watersheds most· vulner
able to contamination and in need of 
protection; (2) target management ac
tions to specific sources and causes of 
pollution; and (3) evaluate the effective
ness of those actiol}S over time. 

The 1JSQS recog11izes that one mon
itoring design cannot solve all water
resource iss]Jes or questions (Box 2). 
For example, probabilistic ~monitoring, 
in which sites are selected randomly 
across a certain region, is a useful meth
od for obtaining an unbiased, broad 
geographic snapshot of "whether there 
is a problem" and "l1ow big the problem 
is." Many probabilistic monitoring pro
grams currently being implemented by 
States.and within the U.S. Environmen
tal Protection Agency (EPA) are provid
ing .quantitative, statistically valid 
estimates of, for example, tl1e number 
of impaired stream miles within a region 
or State. Targeted and probabilistic 
monitoring designs are both important 
for a1_lsweri1~g different types of questions 
and for providing different types of in
formation that are critical for under
standing the ambient resource. The two 
designs, therefore, should not be viewed 
as competitive or duplicative, and both 
need to be supported by adequate fund
ing. In fact, these designs are so different 
that discussions should not focus on 
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Box 1: Current status of U.S. water~quality monitoring 

Several studies by th~ Government Accountability Office (GAO, 2002; 2004), 1
•
2 The H. John Heinz III Center for Science, 

Ecoi1omics, and the Environment (2002),3 National Research Council of the National Academies (2004),4 imd other 
organizations have documi:mted the inadequacy of water-quality monitoring and assessment efforts in the U.S. Overall 
:findings point to.a lack of cons.istent.and comprel1ensive, national-level data; the'possibility that serious problems may go 
undetected; data gaps that limit cost-effective n}anagement and regulation; and a lack of information on whether water quality 
is getting better or worse. The most recent GAO study was done in response to the 2002 Heinz Center "State of the Nation's 
Ecosystems" report that identified 1 00· key ind·icators Deeded for monitoring ecosystem l1ealth and measuring the efficacy of 
environmental protection, m1d reported that high-quality data existed for only half of the indicators. The GAO study n.oted 
continued slow financial .. erosion of U.S. water-quality data, reporting that 6 of20 Federal programs-including the USGS 
National Water-Quality Assessment a~1d National Stream Quality Accounting Netwod< Pro.grams:._that had produced high
quality environmental indic~tor data used in the 2002 Heinz report may not be able to continue producing data of comparable 
quality, quantity, and scope for thep.lanned 2007 Heinz report and more generally over the medium-term future (Government 
AccN1i1tability Office, 2004).2 Specific findings cited in the GAO report and other reports on monitoring can be accessed at 
http: 1 ;water. usgs. gov jwicp/ acwijm onitoringjnetwork/links. html. 

Changing issues, changing 
questions 

Before the U.S. Clean Water Act was 
implen1ented in 1972, many rivers flow
ing through urban centers were.subjected 
to "point" discharges of sewage and 
industrial waste. Point source contami
nation c;;m be traced to specific "end-of
pipe" points of discharge or outfalls, 
such as from wastewater treatment 
plants, .factories, or combined sewers. 
Water~quality issues generally were.acute 
in nature, including biologically dead 
rivers, fish kills, gross contamination; 
and 111as.sive algal blooms. Suqh . issues 
culml!;ated on J~i1e 23: 1969; ,;,hen Cie
veland's oily, contaminated Cuyahoga 
River caught fire, attributed to wastes 
·dumped into the tiver -by the waterfront 
industries. The Cuyahoga River became 
a poster child for the F,ederal.clean water 
legislation that followed. 

Although water-quality violations still 
occur, the legislation and investments in 
wastewater-treatment technology that it 
spawned have had a positive effect on 
water-quality conditions. Today, the 
overwhelming majority of water-quality 
problems are caused by a myriad of 
"nonpoint" sources of pbllutioJ) from 
agric~ll:_l:n:!!:L }l)'Q'lJ!, §.J1d _ SJ:~burlJ_aJ1 _l_al:!_cJ_; 
forest harvesting; energy and mineral 
extraction; and the atmosphere. The 
U.S. reauthorization of the Clean Water 
Act in 1987 added some provisions to 
begin addressing nonpoint sources and . 
storm w.ater, but legislatio11 ca11 carry 
actions only so far. 

The nature of water-quality issues fa
cing the U.S. has substantially changed, 
P5l~h in geographic scale and over time. 
First, nonpoint-source issues are larger 
in .scale than more localized, site-specific 
point-source issues, m1d include many 
diffuse and widespread origins within a 
watershed and even across regions and 
the nation. Sources and delivery systems 
are more difficult to pinpoint, evaluate, 
and control. Second, the amount of pol
lution delivered is highly variable-:-from 
hour to hour and season to season
making it difficult to quantify nonpoint
source. contriButions ovet time.· il1iri:l, 
the number of non point-source contami
nar1ts is significantly larger than those of 
30 years ago, when concerns about water 
quality focused mostly 011 the sanitary 
qualit)' of rivers and streams, including 
bacteria, turbidity, temperature, llutri
ents, and dissolved-oxyge11 concentra
tions. While these factors are still 
important, over the last 25 years new 
and more complex issues have emerged. 
for example, hundreds of synthetic or
ganic compounds, including pesticides 
and volatile organic compounds (VOCs) 
in solvents and gasoline have been intro
d1Js;ed into the environment. f'ol!r~~, 

nonpoint-source contamination is sub
ject to, and largely influenced by, the 
natural and altered landscape and the 
type of human activities that take place 
on that landscape as water and asso
ciated contaminants move over the land 
and into the ground. Even given similar 
nonpoint sources within a watershed, 
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diff'er.ences i11 hydrologic processes and 
deli~ery mecbai1isms, land-management 
activities, and natural features, such as 
soils, geology, topography., and climate 
may result i11 one watershed being more 
vulnerable to contamination than an~ 
other; and thus requiTe different manage
ment strategies to protect or improve 
water quality_ · 
· Successful implementation of n!)n
point COlltrols and support in the politi
cal and _ legal systems depends on 
111()nitoring systems that help to identify 
a1id qu~ntify possible rionp_oi!11 s-ources. 
Equally important; mo1iitoring must 
·clearly1ink wa~er-quality co!1ditions with 
tl1t causes' of those conditi0J1s, which a:re 
in tui-n related to the natural landscape, 
hydrologic processes, and hunian activi
ties,---'building towards an understanding 
of how, when, where, and why water
quality conditions vary among water
sheds across the nation. Sustainable, 
high-quality water and ~ective deci
sion-making depend great])' on this 
scientific understanding. 

Monitoring for scientific · 
understanding of how and why 
watersheds work 

What does monitoring for scientific un
derstanding really entail? Primarily, it 
requires a design (referred to here as 
"targeted") in which sites ate selected 
because they represent certain -human 
activ1ties, environmental settings, or hy
drologic conditions during different sea
.sons or times ofyear.For example, sites 

J. Environ. Monit., 2006, 8; 512-518 I 513 



may be selected to assess the .effects of 
agriculture and urban land-use practices 
on pesticide and nutrient contamin~ltion 
in strem1lS. A targeted monitoring design 
requires ~tl1cillary information on land 
use, chemical sources of conUtmination, 
natural 'lnndsc!q)e featui·es, and hydrolo
gic trnnsport. Such a design ulso requires 
the collection of various data. 

Data required for a targeted monitoring 
design 

Over different seasons. USGS assess
ments genentlly show low concentrations 
of contaminants, such as pesticides, in 
streams for most of the yeur-lower than 
most standards and guidelines estab
lished to protect aquatic life and human 
health. However, the assessments also 
show ptlls~;:s of elevated concentrations
commonly 100 to 1000 times higher
during times of the year associated with 
rainfall ai1d chemical appliqttions than 
during other times of the year (Gilliom et 
a!., 2006). 5 Such pulses could affect aqua
tic life at critical points in the life cycle 
and also affect drinking-water supplies 
for short periods. These conditions can
not be .described in a meaningful way 
unless rej)etiti ve, ·time- and flow-depen
dent, monitoring is conducted at given 
sampling locations, with a substantial 
part of that sampling focused at times 
that are prone to large water-quality 
cM.l:iges. M tfltij:ile samples are Jess criti
cal in ground water as changes occur 
more slowly and genemlly are less infiu
e;Jced by seasonal conditions or indivi
dual hydrologic events. 

Among different land uses. Water
quality conditions differ substantially 
among different land-use settings, such 

{(}jJ!iE,l11 _f!l El, &00_0. 5 Water-_g_uali~y 
conditions also vary considerably within 
land-use settings by crop type and land
use practices. For example, USGS as
sessments show that concentrations of 
phospboru:;, sediment, and selected pes
ticides are higher in streams draining 
agricultural fields with furrow irrigation 
than in streams draining agricultural 
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fields with sprinkler irrigation (Hamilton 
el al., 2004). 6 

In different geologic or climatic set
tings, Ti1e setting-wl1ether it is sand 
and gruvel or igneous rock-affects 
how. readily water and associRtecl con
taminnnts move over the land and into 
the ground. USGS studies show, for 
tJX!tmple, that ground water tmderlying 
intensive agriculture in parts of the 
Upper Midwest is minimally contami
nated where it is protected by relatively 
impe11neable ~oils and glacial till that 
cover much of the region, and yet sub
surface agdcultural tile drains and 
ditches provide quick pathways for con
taminant delivery to streams in this same 
area (U.S. Geological Sui·vey, 1999).7 

Shnilarly, c]jmate can have profound 
effects on water quality. Water-quality 
copditions associated with a particular 
land-use practice in a hot, dry climate 
can differ substantially from those asso
ciated wit1l a similar practice in a cold, 
wet climate. 

During different hydrologic condi
tions. A large pa1t of the variation in 
water quality at a given location on a 
stream is determined by stream flow. 
Amounts of contaminants measured at a 
sampling location or entering a receiving 
water body, such as a Jake, reservoir, or 
estuary cm1 increase substantially from 
year tb yeat sitriply because ofliigh flows 
during wet e11vironmental conditions. 

Including biological characteristic;s. 
Water quality and biological systems 
are closely biterconnec~ed. Aquatic or
ganisms, such as algae, macroinverte
brates, and fish are susceptible to water
q~mlity degradation. Meaningful water
quality assessments therefore depend on 
biological monitoring and detennina
tions of how the' biological response var
ies among diverse hydrologic settings. 

Over the long term. Water quality 
co~ti!luaJ!y c_haJ_!g~;:s. J:he , chm~ges can 
be relatively quick-within days, weeks, 
or months, such as demonstrated in 
streams in the Midwest where the types 
of herbicides used on corn and soybeans 
have changed. Or, changes can be rela
tively slow, such as in aquifers where 
changes can take decades because of 
slow ground-water movement (Gilliam 

et a/., 2006). 5 Without comparable data 
collected over tinie, long-tern1 trends 
cannot be distii1guished li·om short-term 
fluctJ.mtions, and natur~J fluctuations 
cannot be distinguished from the effects 
of htll11!\ll activities. Consistent and 
systeimttlc Joi}g~teJ'm monhodng' also is 
critical to evaluating whether environ
mental •!Inc! mnnugement strategies <~re 
working, and to choosing the most 
cost-effeclive resource-management stra-
tegies for the future. · 

Solving water-resource issues 

Targeted monitoring and the resulting 
sciei1tific understai1ding help to answer 
questions, such as "Why d'o water-qual
ity conditions occur and when? Do cer
tain n~1tural feature~, land wies, human 
activities, and management actioris affect 
the occurrence and movement of certain 
contaniinant"s? Is water qva:Iity getting 
better or wOrse?'' The il'ifonnation helps 
decision-makers to more post-effectively: 
(I) identify and pl'ionitize those streams, 
aquifers, and watersheds most vulner
able to contami11ation and in n~ed of 
protection; ·(2) target management ac
tions to specific sources and ca\tses of 
pollution; m1d (3) evaluate the effective
ness of those actiol)S over time. 

The USGS recogi1izes that one mon
itoring design cannot solve all W!Jter
resource issues or questions (Box 2). 
For example, probabilistic 1i1onltoring, 
in which sites are selected randomly 
across a certain region, is a useful meth
od for obtaining an unbiased, broad 
geographic snapshot of "whethl':r there 
is a problem" and "how big the problem 
is." Many probabilistic monitoring pro
grams currently being implemented by 
States. and within the U.S. Environmen
tal Protection Agency (EPA) are provid
ing .quantitative, statistically valid 
estimates of, for example, t11e number 
of impaired stream miles within a region 
or State. Targeted and probabilistic 
monitoring designs are both important 
for a~1sweriJig different types of questions 
and for providing different types of in-' 
formation that are critical for under
standing the ambient resource. The two 
designs, therefore, should not be viewed 
as competitive or duplicative, and both 
need to be supported by adequate fund
ing. In fact, these designs are so different 
that discussions should not focus on 
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Box 2: Collaboration and cooperation 

The USGS adheres to rigorous scientific standards and national quality-assurance programs with uniform n1ethods of 
sampli,ng and anal)'Sis. This approach is crucial for suc~essful comprehensive regional and national assessments tl)at identify 
curre1~t conditions and trends in water"quality conditions. However, no single agency can advance these goals alone, and 
therefore, the USGS s1Tongly·supports the c~ordination in which the.wider water-quality monitoring-community is heading,. 
Much of the coordination is spearheaded· by the National Water-Quality Monitoring Council (NWQMC) of the Advisory 
Committee on Water Information (ACWI); inforr).lation on specific efforts can be accessed at http://water.usgs.govjwicpj 
acwijmonitoringjindex.html. Primary goals of the NWQMC are io: increase collab.oration. and partnerships among agencies 
and non-governmental organizations; standardize sampling and analytical methodology and quality assurance and quality 
control protocols; promote metadata to allow exchange and integration of data from a variety of organizations; develop 
stable national monitoring networks; and, integrate data management and data accessibility. 

whether one design can substitute for 
another, but rather on how to integrate 
the two in order to go beyond what each 
can provide individually. Ideally, data
collection and laboratory analytical 
methods should be consistent and com
parable so that findings· can be inte
.grated. 

Hydrologic tenets that underpin 
successful monitoring 

Water mpnitoring has been central to the 
VSGS mission for nearly 120 years (Box 
3). The USGS experience has shown that. 
water information that supports effective 
decision~111akii1g requires recognition of, 
and c01;1n1itment to, several fundamental 
hydrologic tenets that underpin . all 
moiii.toring. 

First, hydrology is a cycle 

Water-quality data must be evaluated in 
a "total resource" context, including all 
compo11ents of the bydrologic cycle. Sur
face water, ground water, and the atmo
sphere are all connected, and tl1e 

interactions among them are crucial to 
determining water flow, fate and .trans
port of contan1inants, and. chemical and 
biological quality. Water quality and 
watersheds are too often considered so
lely in terms of rivers. and strem11s . and 
thela1Jd draining to those surface-water 
bodies: Yet, grcim1d .water can be a: ~najor 
c01'ltril;lutor to river9, streanis,·aiid other 
surfacecwater b'odies; · cm:1ta~imrted . 
aquifers t1ia't · discharge to ,;aterways 
can, therefore, .beconie. nonpoint"pollu
tioiJ S01JrCes. For exari}ple, US(JS Studies 
show that in the Chesapeake Bay, more 
than llalf of the water. arid the nutrieiltS it 

· carries first tra yels through the g1'oui1d
water system, and thei1 is delivered as 
basefiow to tribptary .strean1s or directly 
into the bay (J3ach1~1a;1 eta(., 1998).8 . 

Qu~ntifying. ~round-water. contribu
tioJ1 tO Si.ii'fate wift~Hs essei1tiaft6 devel
oping total maximum daily loads 
(TMDLs), issuing permits, and meeti11g 
Clean Water Act goals. To ensure tbat 
water-quality standards can be attained, 
for example, Clean Water Act Section 
303(d) requires states to identify water 

Box 3: Missio·n of the U.S. Geological Survey 

bodies impaired by polhition and to es
tablish a TMDL of selected pollutants 
for each water body. Yet, the percentage 
of the total 'contaminant load that is 
contributed by ground-water inputs 
rai'ely is evaluated in estimating stream 
contaminant loads. Exclusion of.ground
water rnonitoring n?-aY · prevent . a full 
accouhtii~g ·of all available sources apd 
may lih1it the effective1less that TMDLs 
could .]J·ave in future' stream: protection 
arid restoration efforts. Bimilarly, surface 
water c_an be a m'ajcir cont1ibutor to 
grotmd water and; therefore, <['. major 
no1'ipoint-contamination:.source for aqui
fers, pa1;ticularly where high-capacity, 
public-supply wells are located near 
rivers and strean'ls. 

Seco.pd, hyc:lrology .. ~onnols:t:be .. qu,ality 
of our waters 

Water-quality data must be .evaluated in 
concert with water quantity. COJ:lCentra
tions and types of contaminants and 
their potential effects on ecosystems and 
drinking-water supplies vary over time, 

The U.S. Geological Survey (USGS) has monitored and assessed the quantity and quality of U.S. streams and ground water 
since its inception i11 1879. Tot;lay, the USGS provides information on issues such as availability and suitability of water for 
public supply and irrigation, aquatic ecosystem health, effects of agriculture and urbanizatio11 on water resources, and 
disposal of radioactive waste. Through its programs, the USGS continues its mission to provide timely and releva11t waterc 
.J~esiLu.n::_e;_s data_al)d_info_nna.tio_l1_th9Jis freely J:l.Yfl.J}ll,g}eJ..o iillJ~y~ls. o(_gp~~illJ1l~1111..9.~1:g.9Ve.rJ~!P~.11til,l_!:lD~a,niza~ign~_ insJustJ)'2 

academia, and the general public .. The information provides a. scientific basis for decision-making related to resource 
management and restoration, and how we as individuals interact with our e11vironmenL The USGS has no regulatory 
responsibilities and focuses on monitoring and evaluating the ambient water resource, which is the source of the n~tion's 
drinking water and water used for industry, irrigation, and recreation. The USGS monitoring programs thereby complement 
much of the compliance and regulatory monitoring conducted at the state level. The USGS monitors and assesses a multitude 
of chemicals, including some that are regulated and some that are unregulated, \Vhich helps to address new and emerging 
water-quality issues. Consistent methodology is used across States, which allows regional and national assessments. 
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and depend largely on the amotmt of 
water flowing in streams and the 
amounts ~llld directions of ground-water 
flow." ContamiiJ<mt cpncentpttions vary 
greatly between low and high flows, dur
in{:\ c1iffere~lt sensons of ll ye,~r1 and dur
ing different hydrologic i·eg'it11es~s1.icb as 
periods when snowmelt or ground-wEtter 
inflow dominates river flow. ll is critical 
to nionitor water q unlity under these 
different hydrologic conditions, and to 
evaltmte the 1 oad of material thn t is 
transported in a stream and river and 
delivered to receiving bodies, such as 
lakes, reservoirs, estuaries, and bays (this 
is referred to as the "mass :flw:", which is 
the concentration of a compound multi
plied by stream flow). 

Only part of the water-quality story 
can bl! told from monitoring foi· concen
trations of chemical cons'tituents in water 
without the q1.mntitative hydrologic con
text m)d calcul<ttion of fluxes. Ush1g the 
Chesapeake Bay as a~1 example, USGS 
monitol'ing from 1985 through 2003 
shqwed t.hat concentrations of nitrogen 
and phosphorus decreased at 55 and 75 
percent, l'espectively, of the stream sites 
along the major rivers entering the bay 
(Lapgland e/ a!., 2004; Cohn ·el a!., 
1989).9•10· An important conclusion from 
the concentration data and analysis is 
that management actions ii1 the bay wa
tershed are having some positive effect in 
redu<;:ing tiptr.ients. However, the "flux 
story;' ot"tllebay is somewhat different, 
in large part because of high stream flows 
during 2003. USGS findings indicated 
that in 2003, fluxes .of nitrogen and 
phosphorus were the second highest 
since 1990 in some of the large rivers 
(such as the Potomac and Susquehanna) 
entering the bay. These fluxes were influ
enced by near-record river flows from 
eleV~ifed precipitation-2003 represented 
the third-highest amount of river flow to 
enter the bay si11ce 1937 when USGS 
record-keeping began for these rivers. 
More than twice the amount of river 
flow entered the bay in 2003 than in 
2.0Q2_, v.~hich _111a~~ed J:he_ e!1d of a 3:yem 
drought. As a result, about 3 times the 
amount of nitrogen, 5 times the amount 
of phosphorus, and 11 times the amount 
of sediment entered the bay in 2003 
compared to drier times in 2002. High 
stream flow and resulting high fluxes in 
2003 may help to explain why the bay 
experienced periods of low concentra-
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tions of dissolved oxygen (hypoxia) and 
loss of submerged aquatic vegetation 
(Langland e/ a/., 2004). 9 

Third, hydrolo~y controls much of the 
timing .of ourwflterissues 

We must be patient, persistent, und com
mitted to monitoring over long time 
scales, remaining mindful of placing our 
monitoring data within a historical, hy
drologic context. This is particularly'true 
for changes in gro~md-water ~nd sedi
ment quality, which may not be evident 
for years or even decades. Continuing 
with the Chesapeake Bay as an example, 
USGS st1.1dies show that dissolved nitro
gen associ~1ted with groLmd-water dis
charge to strenms n1ay have a transport 
tin'le throllgh the grotmd-water system of 
years to decades, with a median tinie of 
about 10 years. Nutrients associ~~ted with 
sediment can have even longer tnms)Jott 
times (several decades) In the watershed 
because of their storage in s.oil and 
stream corridor§, both of which are 
greatly influenced by yearly rainfall. This 
is in cm1trast to dissolved nitrogen asso
ciated with surface runoff that has a 
transport time of hours to months in 
the watershed (.f'hillips and Lindsey, 
2003).ll 

A long-term, hydrologic context, is im
portant when evalmiting effects of man
agemetlt practices. For exa111ple, the 
effects of management practices' to re
duce nutrient inputs to ground water, 
which have been implemented in many 
agricultural areas on the Delmarva Pe
ninsula (i11 Delaware, Maryland, and 
Virginia) over the last 10 years, are not 
generally apparent in the deep parts of 
the aquifer used for domestic supply. 
Because ground water typically moves 
slowly, about 0.25-2 feet per day, de
creases in nutrient concentrations deep 
within the aquifer may not be apparent 
for decades (Hamilton et a!., 2004). 6 

The long-term, hydrologic context is 
also important to sort out the effects of 
n_atural variability from the effects of 
;;an's acti\•ities. Natural events Sl,lCh as 
floods or drought often .can mask shorter 
term, human actions as suggested above 
in the case of Chesapeake Bay where we 
noted a pattern of particularly wet or dry 
years. Only after understanding the pat
terns within the historic hydrologic re
cord are we likely to recognize any 

underlying changes that are taking place 
dl1e to ri1an's activities. 

Moving from monitoring to 
prediction 

T11e develodi1ient and verification of pre
dictive tools <md models is an essential 
step in L\nclerstanding and successfully 
m<tnaging U.S. waters in the future. Such 
tools ure needed to extrapolate or fore
C<tSl .conditions to 1.mmonitored, yet com
parable areas, both in space and in time. 
Jn light of increasingly diminishing re
sources, we simply cannot expect to 
monitor our water resources directly in 
.all places and at all times. Wr; therefore 
must get smarter, enhancing the value of 
data collected at individual sites, and 
apjJIYing our understanding of the hy
drologic system and water-quality condi
tions· to broader areas, including entire 
streatn reaches and ~quifers, large river 
basins, econ!gions, states, and even the 
nati'OJ), Moving from monitoring to 
modelill,g lllfimately gives us state-wide, 
regional, and even national assessments 
of water quality. 

The development of predictive tools 
helps to pxiotitize contaminant· sources 
m1d to teas.e out the im,portance of fac
tors alTeeting water quality, including 
landscape features and hydrologip trans
]Jort. These predictive tocils . can help 
estimate eonditions that, often cmmot 
be directly measured, such as the effects 
of specific management practices or the 
percentage of contamination in a stream 
that originates from different sources. 
For example, the Gulf of Mexico experi
ences low concentrations of dissolved 
oxygen each spring and summer largely 
as a- result of lar.ge amounts of nitrogen 
delivered by the Mississippi River, which 
in turn promotes exce~sive growth of 
algae and other nuisance plants and · 
potentially can harm the fisheries, The 

. USGS model SPARROW (SPAtially 
Referenced Regression On Watershed 
attt'ibutes) shows thai. a considerable 
<qnount of the nitrogen delivered to the 
Gulf of Mexico -oi·iginates in distant 
watersheds in the Mississippi River 
Basin, such as in Ohio and Tennessee 
(Alexander el a!., 2000). 12 

In addition,· models can be used to 
estimate probabilities that concentra
tions of selected compounds will exeeed 
a specific value, such as a drinking-water 
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standard or an aquatic-life guideline, at a interpret water-quality data,· including 
particular location. The SPARROW better information on the use of cbemi
model has been applied, forexample, to cals, land-use changes, water- use, land
predict in-stream concentrations · of management .practices, geomorphology 
]Jl1osphorus in streams across the U.S. and stream networks .. geologic setting, 
that meet the EPA recommended goal of and also point-source discharges. Unfor-
0.1 milligrams per litre to control exces- tunately, many of these spatial data are 
sive growth of algae and other nuisance lachng. For example, current chemical
plants. The USGS WARP (Watershed use information is generally insufficient
Regressions for Pesticides) model (dew:!- and in urban areas essentiitlly unavaila
OJ)ed from measured pesticide concen- ble-for local and regional water
trations in streams, together ·witb infor- resource management and decision-m<tk
mation on pesticide use ·and land use, ing, and yet, information on chemical use 
climate and soil characteristics, and is needed to definitely attribute specific 
other natural fetttures) has been used to pollutants to different sources in noD
estimate concentrations of atrazir;:;: in point runoff and suppol'f management 
streams and, specifically, to ]?redict the .actions. Unless we continue to improve 
likelihood that annual average s,trazine relevant geospatial data sets, we will 
concentrations in any particular stream m<\ke little progress in understanding 
i11 the U.S. would exceed the EPA drink- and managii1g water quality. Advances 
ing->vater st<tndard of 3 micrograms per in remote sensing may 1xovide cost
litre (Larso11 et a!., 2004). 13 A USGS effective ways to enhance and spatially 
ground-water model has been. used to extend seiected compilations of data 
predict the presence of atrazine in shal- assoc:iated with tbe landscape, human 
low ground water . within' 3;gricultural acti\rities, and .environmental settings. 
areas aci,oss tbe nation;· model ·results Second, we.mustcontinue to integrate 
show the highest detection frequeqcies monitoring with predictive tools. The 
of atrazine. in parts of. the. MidV:rest, direction for future model development 
Great Plains, Pacific Northwest, and is towards better representation of .the 
MidcAtlal'ltic regions where· atrazjne is physical, chemical and biological pro
heavily used in hydrologic settings that cesses in the models, coupled with 
favor ~l1e transport of pesticides .to po-vverful statistical techniques to . esti
ground water (Stachloerg et al., 11iate the imJYOrt~mce of various factors 
2006). 14 Siinilarly, a USGS nitrate )110de1 used in the models. C)edibJe, compar
used tp ,a~~eqs tbe ri~k of,p!Jraie cqntqiJ:l· ag)rc:, .cq1d C()li\prehen?ive information. 
i11atioi1 in shallow ground \vater across .·must continue to be gener~ted.:....:.by 
the U.S. shows that nitrate con centra- means of "on-thecground" monitoring, 
tions are expected to be lowest in shallow assessl'nent, and research-that .can be 
ground water underlying areas with low· used to validate and vetify model predic
inputs of nitrogen and poorly drained tions. Continued monitoring and data 
soils, such as in parts of tbe southeastern collection will reduce tl1e overall uncer
Coastal Plain, and highest in areas with , tainty of model predictions and esti
high nitrogen inputs and well-drained , mates. ln tt1rn, uncertainty analyses 
soils that overlie unconsolidated sand associated with eacb prediction will help 
and gravel aquifers, such as in the High to guide future monitoring and data~ 
Plains of northeastern Nebraska and the collection needs. 
western U.S. (Nolan eJ a!., 2002). 15 

Although results from these models 
may not be used directly when making 
policy decisions, they provide clitical in

·-sights jnto cthe Jo.catiOJlS -.Of ._o_ur J)lOLe 
vulnerable water resources, and help. to 
prioritize where and how we spend our 
future monhoring dollars. 

Continued advancements.in predicting 
and modeling water-quality conditions 
Vvill depend on two important compo
nents. First, we must dedicate resources 
to gather ancillary data necessary to 

Advancing monitoring 
technology 

AdYaiKes.,.r_el~te_d J_ocm_onitmingJ&9l::nw
logy also are needed to successfully sup
port future water-quality issues. These 
advancements include, for example, con
tinued development and testing of water
quality probes, monitors, da.ta recorders, 
and telemetry equipment that allow us to 
monitor water-quality properties on a 
real-time or near real-time basis. Real-
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time sensors of water qmtlity can <tllow a 
high density ofmeasurei11ents oveirela
tively short periods, which is critical 
because water-quality conditions can 
vary viidely, such as before, during, and 
after storms. Sensors can be cost-effec
tive because they minimize cQstly field 
visits by scientists and technicians. In 
addition, real-time measurements for 
temperature, conductance, and turbidity 
can be correlated with other important 
properties, such as bacteria, 'that are 
more costly ').nd difficult to monitor and 
<malyze. Development, testing, and de
ployment of a new generation of real
time. sensors for water quality hav·e the 
potential to greatly increase the level of 
infoi-mation available at a given level 
funding. 

In summary 

Watercquality issues have increased in 
con\.p]e~ity ·as we have moved from 
poi11t-soJ:rce ,conttols, focusing on "end 
of pipe" sitecspecific data, to investments 
in wat~r~quality prot~ction and enhance
ment, focusing .on ncinpoint-source pol
lution and a whole~watershed approach. 
Given, tl1e increased coinplexity, achiev
ing S\IStainable high~quality. water sup
plies across the nation requires rec:o
gnition of certain hydrologic tenets that 
driye 1v,ater-quality conditions, and. firm 
con)n1itr11er1tst9:. (1) 11rid~rs~~11ding .the 
relatioi1s ... b~i\'i~~n ~~ te~:-q~ality coiJdi-
tions and the natural landscape, hydro
logic processes, and the human activities 
that take place on the landscape within 
watersheds; (2) assessing water quality in 
a "total resource" context; (3) evaluating 
water quality in concert with water quan
tity; (4) evaluating water quality in con
cert with biological systems; (5) moni
toring over long time scales, remaining 
mindful of placing measurements in a 
historical, bydrologic context; (6) mov
ing from monitoring to prediction and 
applying our understanding of t11e hy
drologic system and water-quality condi-
1i.Qn_s __ t_o. unp1orl_i_1QI~, y~t C.QlllP§:r§..Qle 
areas; (7) investing resources to gather 
ancillary information on landscape and 
human factors controlling water quality; 
and (8) advancing monitoring technol
ogy, sucb as that for measuring water 
quality in -real time. 

This commitment will provide the cri
tical and improved scientific basis for 
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deoision·mnkers to effectively manage 
and protect water resources across the 
nation an'l in specific geogt·nphic areas, 
now mid iil the future. The science will 
provide the needed basis to prioi·itize the 
. multitu4e. of .decisions involving. the in· 
creusin£ ntJm ber of compl;lting demands 
for safe drinking water, irdgation, aqua
tic ecosystem health, wetland protection, 
native and endangered species preserva
tion, and recreation. 
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~USGS 
science for a changing world 

Selected Findings and Current Perspectives on Urban and Agricultural 
Water Quality by the National Water-Uuality Assessment Program 

Studies by the USGS National Water-Quality Assessment (NAWQA) program in the last decade describe water

quality conditions in nearly 120 agricultural and 35 urban watersheds ("urban" primarily refersto residential 

and commercial development over the last 50 years).The findings show that for both urban and agricultural 

areas, nonpoint chemical contamination is an issue. Much work still needs to be done in urban areas with 

point source contamination as well, including infrastructure improvements. Appreciable improvements in overall 

water quality, however, will depend upon effective management of point and non point sources. The findings also 

show that water-quality conditions and aquatic health reflect a complex combination of land and chemical use, 
I 

land-management practices, population density and watershed development, and natural features, such as soils, 

geology, hydrology, and climate. Contaminant concentrations vary from season to season and from watershed to 

watershed. Even among seemingly similar land uses and sources of contamination, different areas can have very 

different dE!grees of vulnerability and, therefore, have different rates at which improved treatment or management 

can 'lead to water-quality improvements. 

WaterOuality in Agricultural Watersheds 

• Nitrogen and phosphorus in surface water commonly exceed 
levels that contribute to excessive algae. For example, average 
annual concentrations of phosphorus in nearly 80 percent 
of.streams sampled in agricultural areas were greaterthan 
the U.S. Environmental Protection Agency (USEPA) desired 
goal for preventing nuisance plant growth in streams. Exces
sive plant growth can lead to low dissolved oxygen, which can 
be harmful to fish and other aquatic life. 

• Nitrate is often elevated above background levels in shallow 
ground water underlying farmland. Concentrations in about 
20 percent of shallow wells sampled in agricultural areas 
exceeded the USEPA drinking water standard. This result is a 
concern in rural areas where shallow ground water is used for 
domestic supply; these domestic wells are not regulated and 
owners often do not know the quality of their well water or 
whether their wells are vulnerable to contamination. Nitrate 
is most often elevated in karst (carbonate) areas or where 
soils and aquifers consist of sand and gravel. These natural 
features enable rapid infiltration and downward movement 
of water and chemicals. Some. of the more vulnerable areas 
are the Central Valley of California, and parts of the Pacific 
Northwest, the Great Plains, and the Mid-Atlantic region. 
In contrast, ground-'water contaminants underlying farmland 
in parts of the upper Midwest are barely detectable, despite 
similar high rates of chemical use. In these areas ground
water contamination may be limited because of relatively 
impermeable, poorly drained soils and glacial till that cover 
much of the region, and because tile drains provide quick 
pathways for runoff to streams. 

U.S. Geological Survey 
U.S.Department ofthe Interior 

• Pesticides are widespread. At least one pesticide was detected 
in more than 95 percent of stream samples. Pesticides were 
detected in more than 60 percent o(shallow wells sampled in 
agricultural areas. 

• Pesticides commonly occur in mixtures. Tv,:o-thirds of stream 
samples collected in agricultural areas co,nt;;tined 5 or more 
pesticides, and more than one-quarter of the samples con
tained 10 or more. Ground water contained fewer pe.sticides; 
about 30 percent of the wells sampled contained 2 or more. 

• Concentrations of pesticides generally are low and below 
drinking-water standards. However, the risk to humans and 
the environment. from present-day low levels of contaminant 
exposure remains unclear. For example, current standards and 
guidelines do not yet ae<count for exposure to mixtures, and 
many pesticides and their breakdown products do not have 
standards or guidelines. 

• Herbicides-most commonly atrazine and its breakdown 
product desethylatrazine, and metolachlor, cyanazine, and ala
chlor-occur more frequently and usually at higher concentra
tions in agricultural streams and ground water than in urban 
waters. Their occurrence is linked to their use; they rank in the 
top five in national herbicide use for agriculture. 

• Insecticides that were used in the past still persist in agricul
tural streams and sediment. DDT was the most commonly 
detected organochlorine compound, followed by dieldrin and 
chlordane. Their uses were restricted in the 1970s and 1980s 
and, yet, more than 20 years later, one or more sediment
quality guidelines were exceeded at more than 20 percent of 
agricultural sites. 

FS-047-01· 
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Water Quality in Urban Watersheds 

• Concentrations of fecal coliform bacteri~ commonly exceed 
recommended standards for water-contact recreation. 

• Concentrations of total phospnorus are generally as high in 
urban streams as in agricultural streams. More than 70 percent 
of sampled urban streams exceeded the USEPA desired goal . 
for preventing nuisance plant growth. 

• Insecticides, such as diazinon, carbaryl, chlorpyrifos, and 
malathion, occur more frequently, and usually .at higher con
centrations in urban streams than in agricultural streams. Con
centrations are low in urban streams, rarely exceeding USEPA 
drinking-water standa~ds. However, effects on aquatic life 
may be more of a concern. Concentrations .of insecticides 
exceeded at l~ast ope guideline established to protect aquatic 
life in every sampled urban stream. 

• Herbicides are widespread in surface water (detected in 99 
percent of urban stream samples) and ground water (detected 
in more than 50 percent of sampled wells). Most common are 
those applied to lawns, golf courses, and road right-of-ways, 
such as atr.azine, simazine, _and prometon. 

• Similar to agricultural areas, pesticides in urban waters com
monly occur in mixtures; nearly 80 percent of stream samples 
contained 5 or more pesticides. Two of the most commonly 
detected insecticides in mixtures were diazinon and chlorpy
rifos; common herbicides detected were simazine a11d prome
ton. 

• Sediment in urban streams is associated with higher frequen
cies of occurrence of DDT, chlordane, and dieldrin and higher 
concentrations of chlordane and dieldrin than sediment in 
agricultural streams. Sediment-quality guidelines for organo
chlorine pesticides were exceeded at 36 percent of sampled 
urban sites. 

• Volatil~ organic compounds, which are used in plastics, clean
ing solvents, gasoline, and industrial operations, occur widely 
in shallow urban ground water. Some of the most frequently 
detected of the 60 analyzed compounds were the commercial 
and industrial solvents trichloroethene (TCE), tetrachloroeth
ene (PCB), and methylene chloride; the gasoline additive 
methyl tert-butyl ether (MTBE); and the solvent and disinfec
tion by-product of water treatment, trichloromethane (also 
known as chloroform). · 

• Concentrations of selected trace elements, such as cadmium, 
lead, zinc, and mercury, are elevated above background levels 
in populated urban settings, most likely caused by emissions 
from industrial and municipal activities and motor vehicles. 
Sediment cores from streambeds and reservoirs, which can be 
used t.o t~ack ql)Emges over lqog timt:;.periods., indicate.t))at 
lead increased from 1940s to the 1970s, and began to decrease 
after it was removed from gasoline. Concentrations are not yet 
down to background levels. Decreases also are noted for DDT 
and chlordane. · 

• In contrast to lead, DDT, and chlordane, sediment cores indi
cate that zinc and polycyclic aromatic hydrocarbons (PARs, 
which result from fossil fuel combustion) are increasing. 
These increases mosf likely relate to increasing motor vehicle 
traffic in watersheds. Sediment-quality guidelines for PARs 
were exceeded at more than 40 percent of 1.1rban sites. 

• Toxic compounds in streambed sediment in urban areas, such 
as DDT, Chlordane, dieldrin, and PCBs, also were found in 
fish tissue, often at higher concentrations than in the sediment. 
One or mo,re organochlorine compounds were detected in 
97 percent ofwhole'fish samples collected at urban sites, 
and PCBs were detected in more than 80 percent of whole 
fish samples. Concentrations of organochlorine compounds 
exceeded g\lioelines to protect wildlife at more than 10 
percent of urban sites; wildlife guidelines for PCBs were 
exceeded at nearly 70 percent of urban sites. These findings 
have contributed to decisions by some states to issue fish
consumption advisories. 

• Deteriorated water quality and sediment, as well as habitat 
disturbances, contribute to degraded biological communitjes 
in urban streams. The greatest effects are seen in areas ,wi~ 
the highest human population densities and watershed devel
opment. Pollution-tolerant algae and aquatic invertebrates 
(such as worms and midges), as well as omnivorous fish com
munities, prev11il at the affected sites. 

Contacts for additional information or questions: 

Tim Miller (703) 648-6868 (tlmiller@usgs.gov) 
Pixie Hamilton (804) 261-2602 (pahamilt@usgs.gov) 

For Internet access to NAWQA publications, data, and maps: 

http://water.usgs.gov/nawqa 
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Monitoring in the 21st Century to 
Address our Nation's Water
Resource Questions 

By Timothy L. Miller 
February 25, 2005 

A time of increasing complexity 

Water-quality monitoring has become a high 
priority across the Nation, in large part becausethe 
issues are more complex and money is tighter. The 
demand for high-quality water is increasing in 
order to· support a complex web of human 
activities and fishery and wildlife needs. This 
increasing demand for water, along with 
population growth and point and nonpoint sources 
of pollution, threatens the quality and quantity
and therefore the availability-of all our water 
resources. 

This is a challenge all across the country. Areas 
once thought of as "water rich" -mostly in terms 
of limitless availability-are now considered 
"water challenged," such as in southern Florida,. 
where available water must support 6 million 
people along their coasts, extensive agriculture 
south of Lake Okeechobee, and ecosystems in the 
Everglades and the Florida Bay. No longer is only 
the arid western U.S. challenged to manage its 
water needs for drinking, irrigation, aquatic 
ecosystems, and recreation. 

As was acknowledged more than 30 years ago 
when the Clean Water Act was implemented, 
monitoring is fundamental to successful 
management of water resources. However, the 
nature of monitoring must adapt to increasingly 
complex water demands and issues. Monitoring is 
no longer limited to "end of pipe" site-specific 
data on dissolved oxygen or suspended solids, 
collected for day-to-day evaluations of compliance 
.or decisions about permitting. Three specific 
challenges force a shift in monitoring since the 
implementation of the Clean Water Act. 

• Most water-quality problems are caused 
by diffuse "nonpoint" sources of pollution 
from agricultural land, urban 
development, forest harvesting, and the 
atmosphere. These sources are more 
difficult to monitor, evaluate, and control 
than point sources, such as discharges of 
sewage and industrial waste. The amount 
of pollution from nonpoint sources varies 
from hour-to-hour and season-to-season, 
making it difficult to monitor and quantify 
the sources over time. 

• Water-quality issues themselves have 
become more complex. Forty years ago, 
concerns about water quality focused 
largely on the sanitary quality of rivers 
and streams-in bacteria counts, nutrients, 
dissolved oxygen for fish, and a few 
measures like temperature and salinity. 
While these factors are still important, 
new and more complex issues have 
emerged. Hundreds of synthetic organic 
compounds, like pesticides and volatile 
organic compounds (VOCs) in solvents 
and gasoline have been introduced into the 
environment. Over the last 1 0 years, 
improved laboratory techniques have led 
to the "discovery" in our waters of 
microbial and viral contaminants, 
pharmaceuticals, and hormones that 
weren't measured before. 

• Evaluation and monitoring of pollution 
sources and of the condition of our water 
resources have been limited because 
available information is fragmented. 
Inconsistency in the types of data 
collected, the standards and analytical 
methods used, and the selection of 
monitoring sites makes it difficult to 
integrate the findings. 

Different questions require different 
kinds of monitoring 

It's important to understand that one monitoring 
design cannot solve all of our water-resource 
issues or questions. For example, depending on 
specific interests or responsibilities, one might 
ask: 

• Is the water meeting beneficial uses; that 
is, is it acceptable for drinking or 
swimming or irrigation or for sustaining 
aquatic habitat? 
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• What percentage of streams is impaired 
within a State? 

• Are regulatory requirements being met? 
Are concentrations or loads below those 
allowed in discharge pennits? 

• How does the water quality of one water 
body compare with those nearby or across 
the Nation? 

• Is water quality getting better or worse? 
Does water quality change during certain 
times of the year? 

• What are the sources of contaminants and 
causes of the problems? 

• How do changes in land use or 
management practices affect water 
quality? 

None of these questions is easy to answer, and 
each requires a different kind of monitoring-a 
specific 'set of data collected in certain places and 
at certain times. So, undoubtedly, monitoring 
designs end up being unique or different-varying 
in the timescales and spatial scales covered. The 
process, however, is always the same. The process 
begins with clearly defining the water-resource 
questions; outlining the decisions that will be 
made from the data; and then identifying the data 
(or monitoring) needed to make the decision. 

Water-resource issues or questions determine 
monitoring objectives. And the objectives 
determine the monitoring design. No design, 
therefore, is "better" or "more successful" 
than another. Success is measured by whether 
the monitoring design addresses the specific 
objectives. 

Different types of monitoring-such as 
"probabilistic" and "targeted" designs-answer 
different sets of questions. Although both of these 
designs can contribute to statewide, regional, or 
national assessments, and improve understanding 
of the general or "ambient" water resource, they 
provide different types of information. Both types 
of monitoring are important, and therefore, should 
not be viewed as competitive or duplicative, and 
both need support with adequate funding. In fact, 
these designs are so different that discussions 
should not focus on whether one design can 
substitute for another but oil how to integrate the 
two in order to go beyond what each can provide 
individually, particularly in predicting conditions 

in unmonitored areas. This can be illustrated by 
addressing an overarching question driving many 
discussions "What is the quality of our Nation's 
waters?" 

Monitoring the quality of our Nation's 
waters 

What monitoring design best answers "What is 
t/ze quality of our Nation's waters?" Again, it 
depends on specific objectives and questions. 

To some, this may reflect an overall assessment of 
the resource as required in the Clean Water Act 
section 305(b): "What percentage of the Nation's 
waters is impaired? What percentage is in good 
condition? What percentage of streams is meeting 
their beneficial uses?" 

Such questions require a broad-based probabilistic 
monitoring design, in which sites are chosen 
randomly and are distributed across a certain 
region. This type of monitoring provides a 
quantitative, statistically valid estimate of, for 
example, the number of impaired stream miles 
within a region or State. 

Probabilistic monitoring and assessments help to 
document what is going well (how much of the 
resource is in good condition) and what is not 
(how much is in poor condition). The data 
collected help decision makers prioritize regions 
having the most degraded waters and assess which 
stressors-such as nutrients, sedimentation, and 
habitat disturbance-are of most importance in 
that region or State. Many probabilistic monitoring 
programs are currently implemented by States and 
within the U.S. Environmental Protection Agency, 
such as the Environmental Monitoring and 
Assessment Program (EMAP). 

Probabilistic monitoring is a useful and cost
effective method for getting an unbiased, 
broad geographic snapshot of "whether there 
is a problem" and "how big the problem is." 

To others, "assessing the Nation's waters" leads to 
other questions, including "Why are water-quality 
conditions happening and when? Do certain 
natural features, land uses, or human activities, 
and management actions affect the occurrence and 
movement of certain contaminants? Are water 
conditions changing over time? " 
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These are equally important questions, but require 
a "targeted" monitoring design that focuses on 
understanding the relations between water-quality 
conditions and the natural and human factors that 
cause those conditions. Monitoring sites are 
therefore not selected randomly within a grid, but 
because they represent certain human activities, 
environmental settings, or hydrologic conditions 
during different seasons or times of year. For 
example, sites may be selected to assess the effects 
of agriculture and urban development on pesticide 
and nutrient contamination in streams. 

A "targeted" monitoring design requires data 
collection ... 

• Over different seasons. This is important 
because, for example, USGS assessments 
generally show low concentrations of 
contaminants, such as pesticides, in streams 
for most of the year-lower than most 
standards and guidelines established to 
protect aquatic life and human health. 
However, the assessments also show pulses 
of elevated concentrations-often 100 to 
1,000 times greater in magnitude, exceeding 
standards and guidelines-during times of 
the year ·associated with rainfall and 
applications of chemicals. Such pulses 
could affect aquatic life at critical points in 
the life cycle and also could affect drinking 
water. 

• In different land uses, including 
agricultural, urban, and more pristine land
use settings. USGS assessments show that 
water conditions are very different among 
the different settings; insecticides, for 
example, are more frequently detected at 
higher concentrations in urban streams than 
in agricultural streams. Water conditions 
also are different among different land-use 

·practices; phosphorus, sediment; and 
selected pesticides, for example, ate at 
higher concentrations in streams draining 
agricultural fields with furrow irrigation 
than in agricultural fields with sprinkler 
irrigation. 

• In different geologic settings. The 
setting-whether it is sand and gravel or 
volcanic rock, for example-affects how 
readily water moves over the land and into 
the ground. 

• During different hydrologic conditions. 
The amount of streamflow and the timing of 
high and low flows determine how 
contaminants are carried in streams, and the 
connections between streams and ground 
water determine how the ground water will 
be affected. 

• Over the long term. Without comparable 
data collected over time, assessments cannot 
distinguish long-term trends from short
term fluctuations and natural fluctuations 
from effects of human activities. USGS 
assessments show that water quality 
.continually changes. The changes can be 
relatively quick-within days, weeks, or 
months, such as in streams in the Midwest 
where types of herbicides used on corn and 
soybeans have changed, or relatively slow,. 
such as in ground water beneath the 
Delmarva Peninsula where nitrate 
concentrations are beginning to decrease 
after 10 years of improved management of 
nitrogen fertilizers. 

Targeted sampling brings an understanding of 
the causes of water-quality conditions. It 
establishes relations between water quality 
and the natural and human factors that affect 
water quality. 

Targeted monitoring and assessments help 
decision makers to (1) identify streams, aquifers, 
and watersheds most vulnerable to contamination; 
(2) target management actions based on causes 
and sources of pollution; and (3) monitor and 
measure the effectiveness of those actions over 
time. Such monitoring would not be necessary if 
all streams and watersheds responded the same 
over time. But they are different. A? shown by 
targeted assessments across the Nation, such as 
through the USGS National Water-Quality 
Assessment (NA WQA) Program, even among 
similar land uses, the differences in sources, land-

. use practices, hydrology and other natural factors 
make one watershed more vulnerable to 
contamination than another and result in different 
ways that management strategies can improve 
water quality. . 
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Integrating the two designs 

Neither probabilistic nor targeted monitoring 
designs answer all questions about the Nation's 
water resources. While the targeted design cannot 
provide a quantified estimate of, for example, 
percentage of streams impaired within a broad 
geographic region, a probabilistic design cannot 
account for sources, seasonal differences, varying 
streamflow and ground-water contributions, or 
processes that control the movement and quality of 
water. 

Ideally, data collection and monitoring should be 
consistent and comparable so that the findings can 
be integrated. National investments and 
partnerships must commit to increasing the 
comparability and integration of monitoring in 
order to enhance our ability to answer critical 
questions about water resources and understand 
the quality of the Nation's waters. 

Moving from monitoring to predicting 

, An equally important step in understanding and 
successfully managing our Nation's waters 
requires a recognition of and commitment to 
development and verification of predictive tools 
and models. Such tools and models are needed to 
extrapolate or forecast conditions to unmonitored, 
yet comparable areas-both in space and in time. 
This is a critical step for cost-effective protection 
of water resources, particularly in light of 
diminishing financial resources, which requires 
more information than can be measured directly in 
all places and at all times. . 

Development of predictive tools has come a long 
way, resulting in improved broad-based 
assessments of conditions (such as through 
probabilistic and targeted monitoring), as well as 
of key factors and processes that affect water 
quality-including land use, chemical sources of 
contamination, natural landscape features, and 
hydrologic transport. 

Success will depend on the integration of 
monitoring and assessment with the predictive 
models. In other words, it is critical that credible, 
comparable, and cmpprehensive information 
continues to be generated-by means of "on-the
ground" monitoring, assessment, and research
that can be used to validate and verify the 

predjctions. Such integration will lead to more 
cost-effective and grounded protection and 
restoration of water resources and more efficient 
monitoring designs in the future. 

USGS contacts for more information: 

Timothy L. Miller, Chief, Office of Water Quality 
(703)-648-6868 
tlmiller@usgs.gov 

Dom1a N. Myers, Chief, NA WQA 
(703) 648-5012 
dnmyers@usgs.gov 

Pixie A. Hamilton, Hydrologist 
(804) 261-2602 
pahamilt@usgs.gov 

Briefing notes were prepared for a Congressional 
Briefing in Washington D.C., sponsored by the 
Water Environment Federation, Environmental 
and Energy Study Institute, and U.S. Geological 
Survey. 
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science for a changing world 

Moving from Monitoring to 
Prediction: The Quality of 
the Nation's Streams 
By Richard B. Alexander and Richard A. Smith 

Successful management of our Nation's water 
·resources requires a commitment not only to monitor
ing but also to the development of predictive tools 
such as models. Such tools are needed to extrapolate 
measured water-quality conditions to unmonitored, 
comparable areas. 

This ability to extrapolate or make predictions is 
critical for cost-effective assessment of our Nation's 
streams, which requires more information than can be 
measured directly in all places and at all times. The 
expense of monitoring lirriits the number of s_tream 
miles that can be measured. As noted in the most 
recent 305b reports, for example, States have assessed 
only about 20 percent of the more than 3.7 million 
stream miles _in theN ation. 

Models are powerful tools. They can be used to assess 
water quality over broad regions and the Nation. 
In addition, models can establish linkages between 
water-quality conditions and contaminant sources on 
land; track contaminants from their upstream origins 
to downstream destinations; and simulate changes in 
water quality resulting from management actions or 
trends in human activities. Such information provides 
estimates of conditions that often cannot be directly 
measured, such as the percentage of contamination in 
a stream that originates from different sources or the 
effects of specific pollution controls. 

However, models are incomplete tools without moni
toring-i.e., direct measurements or observations of 
water-quality conditions, contaminant sources, and 
factors that control the movement of contaminants on 
land and in water. Model predictions are only reliable 
and successful if they are developed and verified on 

the basis of credible, comparable, and comprehensive 
data from "on-the-ground" monitoring, assessment, 
and research. 

SPARROW-A USGS model used to assess 
water quality 

USGS scientists developed the SPARROW (SPAtially 
Referenced Regression On Watershed attributes) 
model to better understand the linkages between 
monitoring data collected at a large network of sam
pling stations and the watershed factors that determine 
water quality. The model correlates contaminant loads 
(or the mass of contaminants transported downstream 
past a point on a river) with 

• upstream sources, such as fertilizer, manure appli
cation, wastewater discharges, and the atmosphere, 
and 

• watershed characteristics affecting contaminant 
transport, including soil permeability, stream chan
nel size, and streamflow. 

Model predictions reflect repeated sampling of hydro
logic and contaminant conditions over multiple years 
(reported as long-term annual average conditions). 

Examples of SPARROW results presented in this 
briefing sheet include (1) in-stream concentrations of 
phosphorus that meet the recommended goal of the 
U.S. Environmental Protection Agency (USEPA); 
(2) sources of nitrogen pollution and their relative 
impacts on nitrogen concentrations in the Mississippi 
River basin and the Gulf of Mexico; and, (3) effects of 
changes in livestock production on concentrations of 
fecal coliform bacteria in streams and rivers. 

Phosphorus concentrations related to the USEPA
recomm.ended goal 

SPARROW is used to predict concentrations of 
phosphorus in streams and rivers across the Nation 
that meet the USEPA recommended goal (0.1 mil
ligrams per liter) to control excessive growth of algae 

U.S. Department of the Interior 
U.S. Geological Survey 

Briefing sheet prepared for Congressional Briefing, sponsored by 
Water Environment Federation, Environmental and Energy Study Institute, and U.S. Geological Survey 

Washington, D.C., March 4, 2005 (Revised March 7, 2005) 
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and other nuisance plants. The phosphorus model was 
developed with USGS data on total phosphorus col
lected from 419 monitoring stations between 1975 and 
1992. 

Model results indicate that only about 40 percent 
of U.S. stream miles meet the recommended goal. 
Concentrations vary regionally; for example, about 
20 percent of stream miles in the Upper Mississippi 
River basin meet the goal versus 1nearly 85 percent in 
New England. Such findings help to identify regions 
that are most vulnerable to elevated concentrations of 
phosphorus and contribute scientifically defensible 
information to the development of regional water
quality criteria for nutrients. 

Nitrogen delivered to the Gulf 
of Mexico 

SPARROW is used to quantify the relative contribu
tions of sources of nitrogen to the Gulf of Mexico 
from the Mississippi River basin. Nitrogen in the 
Mississippi River that reaches the Gulf of Mexico 
has been cited as the leading cause of excessive algal 
growth and low dissolved oxygen in the Gulf. 

Model results indicate that fertilizers contribute about 
50 percent of the nitrogen; livestock, municipal waste
water, and the atmosphere each contribute from 10 to 
20 percent. 

Agricultural sources (i.e., fertilizers and livestock 
wastes) in the Midwest contribute some of the high
est quantities of nitrogen. Municipal wastewater 
sources-some as far away as Pittsburgh-also can 
contribute large quantities . 

However, only about 15 percent of nitrogen released 
in the Mississippi River basin ultimately reaches the 
Gulf. The remaining nitrogen is taken up by crops or 
is stored or removed from soils and streams and rivers 
by a process called denitrification-the conversfon of 
nitrogen to an innocuous gas by bacteria. Understand
ing where nitrogen loss occurs is, therefore, critical to 
quantifying sources and identifying watersheds that 
are primarily responsible for nitrogen delivery to the 
Gulf of Mexico. 

Model results show that nitrogen loss in streams 
decreases rapidly as channel size increases. Therefore, 
despite long travel times, sources in watersheds close 
to large rivers--even those more than 1,500 miles 



from the Gulf--contdbute a much larger percentage of 
nitrogen to the Gulf as compared to those watersheds 
located on smaller streams only a few hundred miles 
from the Gulf. The delivery of nitrogen to coastal 
waters from both point and nonpoint sources, there
fore, is not simply a function of the distance of these 
sources from coastal waters. 

These findings have important implications for nutri
ent management. The information can help States, 
Federal agencies, and other stakeholders target types 
of sources-such as from agricultural fields, livestock 
operations, urban runoff, and wastewater discharges
in the implementation of nutrient loss strategies. 

In addition, model findings can be used to identify 
watersheds where it would be most cost effective 
to implement such strategies. For example, when 
the State of Kansas was developing its 2004 Nutri
ent Reduction Plan (as required by Section 204a of 
the Clean Water Act), USGS model results helped 
with identifying watersheds where nitrogen reduc
tions would likely have the most beneficial effects on 
deliveries to the Gulf of Mexico (Kansas Department 
of Health and Environment, 2004). 

Overall, the model suggests that it would be most 
efficient to control nitrogen in watersheds drained 
by large rivers with low rates of natural nitrogen loss 
(shown in red on the map). Removal of one pound of 
nitrogen in these larger rivers would cause a similar 
reduction in nitrogen delivered to the Gulf of Mexico. 
By contrast, removal of 2 to 3 pounds of nitrogen 
would be required in smaller watersheds with higher 

Agricultural sources in the Midwest contribute some of the highest 
quantities of nitrogen to the Gulf of Mexico from the Mississippi 
River Basin. Municipal wastewater sources-some as far away as 
Pittsburgh-also can contribute large quantities. 
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Model findings show that the delivery of nitrogen to coastaLvyaters. 
from both point and non point sources is not simply a function of 
the distance ofthese sources from coastal waters. In-stream nitro
gen delivered ~othe Gulf of Mexico is gre'atestinthose watersheds 
located along large rivers, as far as 1,500 miles away, as compared 
to thosewatershedS:·Iocated on smaller streams onJya few,hun" · 
dred miles from the Gulf(Aiexander and. others, 2000)'. 

natural rates of nitrogen loss (shown in green on the 
map) to achieve a one-pound reduction in nitrogen 
delivery to the Gulf. 

Fecal coliform concentrations ~elated to livestock 
production 

Models can be used to simulate water-quality condi
tions given a change in human activities, including 
those reflecting business or economic trends. For 
example, animal agriculture has undergone major 
structural changes in the United States over the past 
two decades. While the total number of animal units 
on farms has remained nearly unchanged (only about 
a 7 percent increase), the number of livestock produc
ers has declined dramatically and the average size of 

.the operations has increased substantially. This trend 
raises obvious questions about the effects of animal 
agriculture on water quality in regions where livestock 
production has become more intense. 

SPARROW was used to predict the effects of chang
ing the number and size of livestock operations, hold
ing all other sources of fecal coliform constant. Model 
results showed that, nationally, fecal coliform con
tamination in U.S. streams and rivers from livestock 
waste remained relatively constant between the early 
1980s and late 1990s. Annual average concentrations 
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Model simulations show that concentrations of fecal coli
form bacteria increased in many areas of the Great Plains, 
Ozarks, and the Carolinas as a result of changes in confined 
and unconfined livestock production from 1982 to 1997 (Smith, 
Alexander, and Schwarz, 2004). 

exceeded 1 ,000 colonies per 1 00 milliliters in about 
half of total U.S. stream miles throughout the period 
(a common State standard for recreational waters is 
200 ~olonies per 100 milliliters). 

The effects of changes in the livestock industry varied 
regionally, however; model simulations indicated that 
fecal coliform concentratiqns increased in many areas 
of the Great Plains, Ozarks, and the Carolinas, and 
decreased in most df the Upper Mississippi Basin and 
in parts of the Deep South and Northeast. 

Model results also indicated that, on average across 
the Nation, a unit of animal waste from confined 
operations introduced only about 40 percent of the . 
fecal coliform bacteria to streams that is introduced 
by the same amount of waste from unconfined 
operations. The difference may be, in part, because 
unconfined animals are free to wander close to, and 
even in, streams; and because the relatively large and 
concentrated amount of waste generated in confined 
operations is managed and stored through more tightly 
controlled systems, such as lagoons. These findings, 
although preliminary, may eventually help to lessen 
the effects of animal agriculture on water quality. 

In summary 

Models play an essential role in the assessment of 
water quality over broad regions and the Nation. 
They provide a cost-effective approach-particularly 

when the expense of monitoring limits the number of 
streams that can be measured during varying stream
flow conditions-for prioritizing water resources 
for protection and restoration; targeting sources of 
pollution, and designing more efficient and integrated 
monitoring programs. As models are used to assess 
other pollutants, such as suspended sediment and pes
ticides, it is critical to remember that models are suc
cessful only if they are developed and verified on the 
basis of "on-the-ground" monitoring. The integration 
of monitoring and modeling is the key to our future 
understanding of the Nation's water quality. 
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This briefing sheet is available on the Web at 
http://water.usgs.gov/nawqa 

Details and publications on SPARROW can be 
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A Comprehensive Approach to Urban Stormwater Impact Assessment 

Betsy Johnson, Kimberly Yandora, and Scott Bryant, P.E. 

Greensboro Storm Water Services 

401 Patton Avenue, Greensboro, NC 27406 

Abstract 

Stonnwater monitoring has been conducted in Greensboro, North Carolina, since April 1994 as required by the City's 
National Pollutant Discharge Elimination System (NPDES) municipal stormwater permit. Runoff sampling is conducted 
quarterly at storm sewer outfall pipes from seven sites, which generally represent the City's land uses. Over thirty water 
q,uality p.arameters are tested in grab and composite storm event samples. As part of the permit requirement, results are 

- evaluated and pollutant loading estimates are calculated to determine pollutant specific annual and seasonal loads for each 
site and the entire city. To complement and expand upon this data, City staff also monitored ambient stream water quality 
under baseflow conditions, evaluated wet weather runoff for acute toxicity, and collected benthic macroinvertebrates for 
biological assessment in order to characterize stormwater impacts . 

. The results of the stormwater runoff sampling and load estimates are sufficient to characterize the discharges of varying 
land uses in the City. However, these data do not provide relevant information on the impact to the receiving waters. 
Since there are currently no end-of-pipe regulatory limits on stormwater nor wet weather criteria for streams, a tiered 

' approach to impact assessment is needed. Although the runoff data show significant pollutant loads, the baseflow stream 
! { ,~ug and toxicity testing results indicated no major problems. The benthic data, however, show a stressed aquatic 
• c(.m/ .;l.nity. These studies point to a need for further monitoring including wet weather stream sampling and sediment 
sampling and/or instream toxicity testing. The data collected to date indicate that the City's urban stream system is 
stressed due to stormwater runoff quantity and quality impacts. 

Introduction 

Stonnwater monitoring has been conducted in Greensboro, North Carolina, since April 1994 as required by the NPDES 
municipal stormwater permit conditions. The only stormwater monitoring explicitly required by the NPDES permits is the 
storm event sampling. Municipalities larger than 100,000 persons (NPDES Phase I stormwater regulations) sample nmoff 
from five to ten representative drainage areas to characterize runoff for their locale. However, these data do not provide 
relevant information on the impact to the receiving waters. In order to characterize impacts to the receiving waters, a more 

1 

comprehensive study and approa(;h is needed. In Greensboro, the Storm Water Services Division is examining many 
facets of its stream and aquatic environment to monitor and quantify the impacts of storm water runoff so that a watershed
based management program can be developed to mitigate those impacts. 

Methods 

In the first five years of its NPDES stonnwater permit, Greensboro's staff developed a monitoring program both to meet 
the permit requirements and to make initial assessments of stormwater impacts to the City's stream resources. The staff 
sampled storm event runoff, stream quality, and the biological community, assessed habitat, and collected samples for 
toxicity tests. This approach has shown that stormwater impacts are diverse and a range of control measures within the 
watershed must be used for urban water quality improvement. 

Stv1 u.L Event Runoff Monitoring 
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Stann event sampling characterizes the quality of stonnwater runoff from urban nonpoint sources feeding the municipal 
storm sewer system during wet weather. In general, the quality and quantity of stormwater runoff depends on the land use 
type and impervious surface area. In developed urban areas such as Greensboro, there is significant impervious are' 
wl water will not infiltrate and which causes runoff to increase over predevelopment flows. Industrial, commerc , 
and residential activities bring pollutants into contact with stormwater runoff, which are then carried into receiving 
streams and lakes. Wet weather sampling enables the City to determine pollutant concentrations and loadings from urban 
nonpoint sources and provides data to assist in the development and location of effective best management practices for 
minimizing urban pollutant discharges to area rece~ving waters. 

Wet weather monitoring in Greensboro cuiTently focuses on characterization of discharges from various land use types. 
Staffperfonns quarterly monitoring of representative stonns (0.1 to 0.8 inches of rainfall within 3 hours) to measure the 
quality of runoff from 7 sites (see Table 1). Each site represents a different land use type. These data provide a baseline 
for comparison with special study areas and provide data for estimates of city-wide pollutant concentrations and loads. 

Each wet weather site is sampled by a team of two monitoring technicians who are on 24-hour call for storm events. 
Samples are taken manually from each stonn sewer pipe outfall and delivered to a contract lab for analysis. Two types of 

- samples are taken during a storm event: first a grab sample to measure the "first flush" of stormwater runoff and then a 
time-weighted composite sample is taken over a three-hour period to measure average runoff quality. Field parameters 
including water temperature, pH, conductivity, and turbidity are measured in addition to site specific rainfall and flow 
depths. Samples are analyzed for an extensive list of parameters per the NPDES requirements (see Table 2). 

Ambient Stream Monitoring 

To augment the storm event runoff monitoring and to establish a general baseline for determining impacts to the receiving 
streams, an ambient instream monitoring program was developed. Since July 1996, staff has monitored seven stream sites 
on~ "'Uonthly basis (see Table 3). (North and South Buffalo Creeks and their tributaries represent the major stream 
sy, as in the most urbanized areas of Greensboro.) Similar to the stonn event sampling process, samples are colle_ _,by 
a team of two monitoring technicians and delivered to a contract lab for analysis. Field parameters including flow level, 
water temperature, pH, conductivity, and turbidity are also measured. Conventional parameters are sampled monthly 
while metals are added on a quarterly basis (see Table 4). Samples are taken on the second Tuesday of each month, 
generally under baseflow conditions. 

This stream monitoring provides water quality data and information on the health of the stream during dry weather. The 
data will provide a reference point for determining stormwater impact under wet weather conditions. 

Toxicity Testing 

To estimate the toxic impact of storm water nmoff on the receiving stream, toxicity testing of runoff was conducted. Due 
to the sporadic nature of stormwater runoff events, the State of North Carolina recommended acute toxicity testing. 
During the winter quarter of 1997 (January- March 1997) grab samples were collected during the first flush of stonn 
events at each ofthe seven land use characterization outfalls. Samples were delivered to a contract lab where a 48-hour 
test was run on each sample using fathead mim1ows (Pimephales promelas). Sample dilutions (0, 12.5, 25, 50, 75, and 
1 00 percent) were fabricated and mortality of milmows measured over a 48-hour period. 

Biological Monitoring- Benthic Macroinvertebrates 

During the summer of 1997, staff sampled the aquatic benthic invertebrate communities at 31 stream sites across 
Greensboro to further assess the impacts from urban stormwater. Sites were selected to complement wet weather sampling 
si· ,ambient stream sampling sites, and to provide a comprehensive coverage ofthe city including streams drainir " 
tht... vlty's drinking water supply reservoir. Samples were taken using a kicknet in riffle area habitats. Subsamples o" _J 
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organisms were taken from each sample and sent to a contractor for taxonomic identification. 

/-'-bitat Assessment 

Along with the biological assessment ofthe city's streams, habitat assessments were also conducted. Urban streams 
typically become degraded once contributory drainage impervious area exceeds approximately ten percent (Schueler, 
1995). In addition, prior to 1994 and implementation of the municipal NPDES stormwater permit, the City dredged some 
local streams as part of its routine drainage maintenance. These factors have contributed to degrade the aquatic habitat and 
impact the biological community. With an improved understanding of the local impacts of past stream channel 
maintenance practices, the City no longer performs routine dredging of streams. 

Two assessment methods have been used to evaluate stream channel conditions and habitat. The first was a qualitative 
survey of a subsample of city streams to assess stream channel stability, vegetation, and maintenance practices. A 
quantitative survey was done in conjunction with the biological monitoring study using the format provided by EPA's 
Rapid Bioassessment Protocol. This assessment created a numerical score for localized sites including substrate 
characterization, channel sinuosity, channel alteration, streambank vegetation and stability, and riparian vegetation. 

Results and Discussion 

Urban Stormwater Runoff 

The characterization of receiving streams as impaired varies depending on the amount of impervious area and land uses in 
the drainage basin. Sites with little impervious area and restricted land uses, undeveloped or low-density residential sites 
have few problems. Age and quality of the drainage system and maintenance ofthe land uses appear to play a role in 
runoff quality. Sites with large quantities of pavement and roof area generate significantly more runoff and more 

i · "\ "ants. On these sites, there is greater area for pollutants to accumulate between rain events. 
I ) • 

Pollutants of concern identified in the City of Greensboro's samplirig program include: 

• suspended and dissolved solids, 

• oxygen consuming wastes, 

• bacteria, 

• nutrients, and 

• heavy metals. 

A ·significant fmding of the runoff sampling has been that storm water contains pollutants similar to wastewater discharges i 

to streams and in some cases with concentrations that are higher. Also, the findings from Greensboro's storm event 
sampling program are generally comparable to the national NURP study. 

Elevated levels of suspended and dissolved solids and turbidity are found in nearly, all samples except the undeveloped 
site (Country Park). The TSS data average about 200 mg/1 during the first flush of runoff but drop to below 80 mg/1 in the 
composite samples. For comparison, wastewater discharges must meet a limit of30 mg/1, but in Greensboro are usually 
less than 10 mg/1 due to stringent treatment requirements. Turbidity frequently exceeds the state standard of 50 NTU in 
the first flush of stormwater runoff. · 

'rc:6al coliform and fecal streptococcus have been present at all sampling locations. Exceedances of the state standard for 
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fecal coliform (200 colonies/1 00 ml) have occurred at all sites. The only site that is occasionally within the standard is the 
undeveloped site. Most fecal data is far above the required levels for wastewater discharges (200 colonies 1100 ml). Some 
sites have exhibited exceptionally high values, which may indicate leaks from the sanitary sewer lines to the storm .,. "':r 
sy1 

Although the dissolved oxygen (DO) of runoff itself does not appear to be of concern, the BOD and COD levels are 
generally much higher in urban runoff than domestic wastewater discharges. This is especially true locally in Greensboro, 
where due to the low flow streams and high temperatures, wastewater discharges are required to meet very stringent BOD 
limits of less than 5 - 10 mg/1. Though wastewater discharges are continuous and storm water discharges are sporadic, the 
BOD in urban storm water .runoff is exerted over a longer period of time than in many other wastewaters (Field and Pitt, 
1990). The long-term BOD of some storm runoff may be much higher than that of domestic wastewater; and sediments 
may store BOD which become resuspended and move the area of DO deficit further downstream. 

Greensboro is located at the headwaters of the Cape Fear River Basin in an area that has been designated by the State as 
Nutrient Sensitive Waters (NSW). This stream classification requires wastewater discharges to meet a phosphorus limit of 
2'mg/l to protect Jordan Lake, a major regional water supply and flood control reservoir, from more frequent algal 

- blooms. The runoff data indicates that nutrient loading from urban sources is less severe than from wastewater discharges. 
However, the nutrient levels (phosphorus and nitrogen) from the Athena (90% impervious) first flush runoff are greater 
than or equal to the required wastewater discharge limits. The nutrient loading levels are approximately 50% lower in the 
composite sampling~ A more important consideration may be the total nutrient loading from nonpoint sources as 
compared to the point sources. 

Metals have been detected at all sites. Higher concentrations are present at sites with greater amounts of impervious area 
and with more industrial land uses. Copper, lead, and zinc exceed the state standards (7 ).! g/1, 25 ).! g/l, and 50 ).! g/1 
respectively) a:t all.sites except the low density residential and undeveloped sites. Other studies (e.g., Moran, 1998) 
inr · .. "~te that significant sources of these metals, particularly copper, include automotive wear and tear (including 
au, 1otive brake pads) and roof runoff. 

Annual Pollutant Loading Estimates 

Annual pollutant loading estimates have been calculated using the "Simple Method" (MWCOG, 1987), where: pollutant 
load (lbs/yr) = [ runoff(acre-ft/yr) *event mean concentration of pollutant (mg/1) *conversion factor]. An effective 
mmual rainfall of 3 8.3 inches per year (based on the average for Greensboro) was used to estimate runoff for each 
sampling site. At the end of the sampling year, the actual ammal rainfall is converted to effective annual rainfall and the 
load estimates are revised accordingly. The estimates attached as Table 5 are annual pollutant loading averages based on 
analysis oflocal storm event sampling results between June 1995 and June 1997. Table 5 also provides the loadings based 
on pollutant event mean concentrations from the EPA NURP study for comparison to the local findings. The estimates are 
comparable, but the local pollutant concentrations and loadings are generally lower than findings and estimates based on 
the national NURP study. 

Ambient Stream Monitoring 

Monitoring results to date indicate that during dry weather the water quality of the city streams is only slightly impaired. 
There are no significant instream problems during dry weather except in areas with dry weather discharges. One site is 
located in an industrial corridor which has both stormwater runoff problems and dry weather discharges. Fecal colifonn 
levels consistently exceed state standards. A master plan is currently under development for the largest of the industrial 
sites, which will address contaimnent and treatment of stormwater runoff and dry weather discharges. 

V r quality is consistently uniform during baseflow conditions. The most noticeable changes during or immediat -
,fo11uwing wet weather is the sediment load from upstream construction areas. Turbidity levels exceed the state stai. J 
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when there is soil loss from construction sites. There are also significant differences between sediment loads in North and 
South Buffalo Creeks. South Buffalo carries a ni.uch higher load, which can be largely attributed to increased construction 

/-·.;vities in the South Buffalo Creek watershed. 

The mstream baseflow water quality data contrasts with wet weather data, which indicates that significant levels of 
pollutants are entering the streams via stormwater runoff. In July 1998, baseflow monitoring will be reduced to quarterly 
and wet weather monitoring will be conducted twice during the year. Stream monitoring will also be added at six United 
States Geological Survey (USGS) flow-gaged stream sites in order to correlate water quality and flow information for 
future watershed modeling and master planning efforts. 

Acute Toxicity Tests 

The results of the acute toxicity tests indicated that the first flush samples were not toxic according to the standards of the 
test. No acute toxicity (48-hour, fathead minnow) was found at any site. The LC50 was greater than 100% at all sites. The 
LC50 is a measure of the strength of a sample in which 50% of the population is found to die after a 48-hour exposure 
(Standard Methods, 1994). For the samples obtained in the city, even full strength or the 100% dilution did not cause a 

- 50% mortality. Very little mortality was seen at the storm sites. Merritt (75% impervious, commercial site) had limited 
mortality of 35% at the full strength sample. The cause of this mortality is unclear. The water quality data for Merritt were 
generally better than the other sampled sites. However, conductivity was higher and dissolved oxygen was lowest of all 
the samples. This is consistent with a study in Kentucky that found that mortality in the bioassays of stormwater runoff 
was most affected by low DO concentrations in the runoff (Marsh, 1993). 

The tests indicate that the first flushes of storm water runoff were not acutely toxic. However, reviews of the data show 
exceedances of water quality standards for copper, lead and zinc as well as detectable levels of other metals. Therefore it 
is likely that stormwater may have a chronic impact. Acute toxicity testing was selected because storm events are short
/ "'events. Yet, these events occur frequently with an average offour significant events per month. Some of the effects 
1

\_ .mwater discharges are associated with organic and toxic pollutant accumulations over a long time and are not 
associated with individual runoff events (Field and Pitt, 1990). The true impact on the stream then can become a chronic 
impact. Chronic toxicity testing could determine whether the stormwater runoff itself has a toxic impact. 

Other studies suggest that the toxic impact from stormwater runoff is manifested in the interface between the sediment 
and water column. Pollutants bound to suspended particles in the water accumulate in the bottom sediment and are readiiy 
available to aquatic organisms or may be resuspended during storms. Sampling by Wisconsin DNR found that petroleum 
byproducts and heavy metals were present in bottom sediment (Masterson, 1994). Another researcher, Dr. G.J. Pesecreda 
ofNorth Carolina, has conducted instream toxicity tests using the Stonefly (Pteronarcys dorsata) to determine their 
response to urban runoff and wastewater in comparison to a control site. He found that mortality in sites receiving urban 
runoff experienced greater mortality than an instream reference site. In addition, there was no significant difference in 
mortality to the test organisms exposed above and below a wastewater plant when both were exposed to urban stonnwater 
runoff (Pesecreda, 1997). Sediment sampling and sediment toxicity tests may be needed to evaluate the relationships of 
pollutant transport and storage in sediments to water quality impairment as measured by the biological community. 

Biological Community 

Results from benthic macroinvertebrate samples indicated that biotic communities are relatively tolerant to periodic storm 
events and are more severely impacted by degradation in habitat and continuous water quality problems. Thirteen of the 
31 sites sampled rated "good-fair" using the North Carolina Biotic Index (NCBI). This "good-fair" rating was supported 
by similar ratings from taxa richness and EPT abundance values. Only two sites had "poor" biotic communities. These 
two sites were located in the North Buffalo Creek basin and had no Ephemeroptera, Tricoptera, and Plecoptera (EPT) and 
J.- • nercentages of Chironomids. Both of these sites receive runoff from old industrial and commercial areas and also had 
, _,~aded habitat. 
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Overall, South Buffalo Creek indicated less impaired biotic communities and water quality than North Buffalo. An in
stream site (Big Tree) actually indicated "excellent" NCBI and had a high habitat score. Even the highly industrialized 
Gillespie site had "fair" NCBI rating and 15 EPT species. However, water quality and stream degradation was obser· -1 as 
the :.1th Buffalo Creek traversed downstream through the city. 

As expected, water quality and biotic communities in the water supply watersheds were less impaired than North and 
South Buffalo Creeks due to better habitat and less urban nmoff. In general, the water supply watershed areas are less 
developed than the North and South Buffalo basins. However, Bryan Parle, which was selected as a reference site, 
received only a "good-fair" biotic rating but had a high habitat score. Although little urban development is present in the 
Bryan Parle drainage area, agricultural activities in the area are believed to have contributed to the stream degradation. 

Macroinvertebrate samples are useful to detennine short-tenn changes in habitat and water quality changes. They would 
be useful to determine the effects of stream restoration or changes in riparian buffers as well as the effects of new 
construction or point source discharges. Habitat, water chemistry and biotic communities interact to form the aquatic 
ecosystem; therefore, there is a need to study and identify all three to manage aquatic resources properly. · 

- Aquatic Habitat 

The assessment of stream channels to evaluate maintenance practices and channel stability indicated that the past City 
maintenance practices in combination with high velocity and increased volume of storm flows resulted in stream channels 
that are unstable and highly erodible. The historical practice of maintaining stream cham1els as a drainage network 
included routine dredging to remove sandbars and widen channels, and routine mowing up to and including the stream 
banks using a boom mower. These practices have disturbed habitat within the stream and removed most vegetative cover. 
In 1994, the routine dredging ceased. While some mowing has continued, the City continues to evaluate its vegetative 
maintenance practices to develop an optimum balance between the environment and other public concems related to 
str "11. systems. Wildlife studies conducted by the Audubon Society in Greensboro compared stretches of the same 
st1 ,n, North Buffalo Creek, with and without vegetative cover. Their findings indicate that there is a more diverse 
songbird community where there is more cover. This study also found that radio-tagged turtles :would not enter areas 
without vegetative cover (Audubon, 1998). As noted, the City continues to evaluate its maintenance practices to provide a 
better balance between flood routing, aquatic habitat, and related stream system issues. 

Habitat assessment was conducted at 31locations throughout the city. All locations indicated some impact from human 
development. Some sites, especially in parks and the water supply watershed, had very good riparian buffer zones, 
channel flow and pool variability but lacked streambank stabilization and had high sediment deposition. Conversely, other 
sites no longer have meanders, canopy cover, or epifaunal substrate cover but have stabilized banks and low sediment 
deposition. However, all sites were able to support aquatic communities. Schueler states that stream degradation occurs at 
10-20% impervious (Schueler, 1995). However, stream alteration takes place any tiine the watershed is disturbed. Habitat 
should always be evaluated when assessing water quality. Future monitoring is plam1ed to evaluate restoration of riparian 
vegetative zones along stream reaches that had previously been mowed and/or dredged. 

Conclusions 

The monitoring of stonnwater runoff required by the NPDES permits is not sufficient to detem1ine the overall impact of 
stormwater on the City's receiving waters. And, without this dete1mination, the City cannot develop a complete strategy 
for improving water quality in the city streams. A more comprehensive approach to urban stormwater monitoring and 
detennining the impacts of urban stormwater runoff upon receiving waters includes: 

• a storm event outfall monitoring program (as required by the NPDES permit), 
\ an ambient stream monitoring program, 

• wet weather acute toxicity testing at storm sewer outfalls, 
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• a biological monitoring and habitat assessment program, 

r ~ • an instream wet weather monitoring program, 
:;ediment sampling, and 

• chronic toxicity testing. 

Page 7 of 10 

While meeting its NPDES requirements, the City of Greensboro has begun implementation of a comprehensive program 
for water quality monitoring and stormwater impact assessment. In 1998, a network of USGS stream gages will be added 
to allow continuous tracking of rainfall, streamflow, and provide early waming of potential flooding. The city's 
monitoring staff will sample the streams at the USGS sites at least six times per year during variable flow regimes in order 
to develop a database for model calibration. 

A watershed-based stormwater runoff and stream model will be developed during 1998 and 1999 to predict both water 
quality and quantity impacts including a determination of the impacts of future land use changes. With this tool, the City 
can develop watershed-based strategies for reducing the impacts of future urban development, as well as mitigating 
impacts of existing development and other factors within the watershed. Comprehensive and proactive watershed 

- management, including improved water quality, is the goal of the City of Greensboro's stormwater program. 
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Table 1. Wet Weather Monitoring Sites in the City of Greensboro 

I Site II Drainage Area II Land Use . II % Impervious 
II II II 
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I Athena Court 1121 acres II Conunercial - Heavy I 
90 

Country Park 120 acres II Open I 
2 

Husbands St. 113 acres II Industrial I 
74 

Merritt Dr. 23 acres Conunercial - Light 75 

Randleman Rd. 26 acres Residential - High 50 

Union St. 
.,., 

Mixed 

Willoughby Blvd. 13 acres Residential- Low 20 

Table 2. Sampled Parameters 

Anunonia Nitrogen (NH3) Total Kjeldahl Nitrogen (TKN) Selenium* 
I 

BOD, 5-day (BODS) Chlorides Silver* 
I 

Chemical Oxygen Demand (COD) I Antimony* Thallium* 

Cyanide, Total * Arsenic* Zinc, Total 

Fecal Coliform, MF * Beryllium* I EPA 624 * 

Fecal Streptococcus- Tube* Cadmitml EPA 625 * 

Nitrate + Nitrite, Nitrogen Clu·omium EPA 608 * 

Phosphorus, Total Dissolved (TDP) II Copper, Total 

I Phosphorus, Total (TP) Lead 

II Solids, Total Dissolved (TDS) II Mercury, Total * 

1·1 Solids, Total Suspended (TSS) II Nickel 

II * These parameters apply only to the grab sample. Other parameters apply to both grab and composite samples. I 
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Table 3. Stream Monitoring Sites 

I Site Location and Stream Order II Land Use I 
South Buffalo Creek at Big Tree Way High density residential 
(2nd order stream) 

South Buffalo Creek at Hillsdale Park Residential 
(3rd order stream) 

Tributary to Mile Run Creek at Gillespie Golf Course Industrial 
(2nd order stream) 

South Buffalo Creek at McCmmell Creek Agricultural, low density residential 
(4th order stream) 

North Buffalo Creek at City Arboretum Residential 
(3rd order stream) 

North Buffalo Creek at Lake Daniel Park Residential 
(4th order stream) 

Tributary to Richland Creek at Battleground Park Undeveloped 
(1st order stream) 

) 

Table 4. Sampled Parameters in Ambient Stream Monitoring Program 

Monthly .Parameters II Quarterly Parameters 

Dissolved Oxygen II Ammonia Nitrogen II Aluminum Silver 

Temperature II Nitrate/Nitrite II Arsenic Zinc 

PH TKN I Cadmium Nickel 

Turbidity TP Chromium 

Conductivity/ TDP Copper I 
Chlorides TSS and TDS Iron I 

I BODS Fecal Coliform Lead I 
I COD II Fecal Streptococcus Mercury I 
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Table 5. Comparison of Annual Pollutant Loadings Based on NURP and Local Sampling Data 

Estimated annual loadings based Estimated annual loadings based 
Parameter on NURP data (lbs I yr) on local sampling data (lbs I yr) 

TSS 39,933,8761 8,531,1861 

TDS 13,366,988 15,744,1671 

TP 83,544 46,1721 

TDP 25,063 37,111 1 

TN 551,388 118,1121 

I BODS I 2,005,0481 2,874,5281 

COD 15,706,211 11 10,391,131 

Cadmium 167 72 

Copper 8,354 3,382 

Lead 39,767 3,372 

j Zinc I 58,982 23,391 

http://www .nwqmc.org/9 8proceedin 9/26/2006 



Rapid Bioassessment ofBenthic Macroinve1iebrates Illustrates Water Quality in Small Order Urban Stream ... Page 1 of9 

Rapid Bioassessment of Benthic Macroinvertebrates Illustrates Water Quality in Small Order Urban 
-~' Streams in a North Carolina Piedmont City 

Kimberly Y and ora 

City of Greensboro, Storm Water Services, 401 Patton Avenue, Greensboro, NC 27406 

Abstract 

Rapid bioassessment of macroinvertebrates was conducted at thirty-one sites within the urban watershed of Greensboro, 
North Carolina during the summer of 1997. Assessment at each site included physicochemical parameters, habitat score, 

-and the following indices: total taxa riclmess, North Carolina biotic index value (NCBI), EPT (Ephemeroptera, 
Plecoptera, and Trichoptera) abundance, EPT richness, ratio of EPT and Chironomidae, percent Tubificidae, and percent 
dominant species. Sites up-stream of urban activity showed high diversity and richness of aquatic communities and 
overall good water quality. Poor to fair water quality ratings were seen downstream of urban activity. However, the 
condition of biotic communities was directly related to habitat and water chemistry. Habitat is degraded in urban areas 
due to dredging, channelization, and impaired riparian buffer zones that contribute to poor species diversity. The results of 
the bioassessment monitoring program lead us to the conclusion that physical and chemical data of storm events and 
baseflow stream conditions cannot fully assess the effects of urbanization on small order streams. 

We have been monitoring storm water runoff for four years and ambient in-stream conditions for two years to establish 
water quality history. Storm water runoff from developed land showed elevated levels of pollution whereas ambient in
s;r,.""am conditions showed much lower levels. Using benthic macroinvertebrates as indicators of localized conditions aids 
, .·· eting water quality data because they lead stationary lives and respond quickly to stress from storm events and 
iheg<J.l dumpings. This study illustrates the importance of biological data in conjunction with physicochemical data to 
assess water quality and to characterize impacts from urban runoff. · 

Introduction 

Greensboro, North Carolina is located at the headwaters of the Cape Fear River Basin in the Piedmont ecoregion and has 
509 linear miles of streams (NCDEHNR 1995). Greensboro is a rapidly growing city with a population of over 200,000 
and an area of 109 square miles. The City of Greensboro was issued a National Pollutant Discharge Elimination System 
(NPDES) Permit in 1994. This permit requires the monitoring of storm water runoff within the city to characterize 
pollutant loading from different land uses and to estimate mmual pollutant loading. In addition, the permit focuses on the 
elimination of non-point source pollutants through identification of every outfall in the city with a focus on industrial 
areas. The City of Greensboro also conducted monitoring of ambient in-stream conditions to establish baseline water 
quality and conducted acute toxicity testing on storm water. However, the effects· of spills, illegal discharges and other 
episodic events cannot be qualified or quantified by any of these methods. 

Data on runoff from storm events indicated high levels of pollutants entering into the small streams of Greensboro, but 
baseline in-stream data showed relatively low amounts of chemical pollutants. It was determined that benthic 
macroinvertebrate would be good indicators of localized conditions. In addition, many sites throughout the city could be 
studied with relative ease. Macroinvertebrates integrate the short-term environmental variations because they respond 
quickly to stress from spills and storm events and lead stationary lives. Macroinvertebrates, rather than fish, were selected 

. because many of the first and second order streams in Greensboro might not be able to support fish assemblages whereas 
iJ'"P,rtebrates are present in most streams (EPA 1996). 

Materials and Methods 
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Study Area and Site Selection 

We sampled benthic macroinvertebrates at 31 sites within and draining into the watershed of the City of Greensbor 
Nc Buffalo Creek and South Buffalo Creek are located in the heart of the oldest and most urbanized areas of the '---J 
with the highest amount of development and impervious area. Streams in these sections often have been chmmelized and 
dredged in the past. South Buffalo Creek has the most recent constmction activity and as a result more sediment loading. 
Reedy Fork Creek is located in the north reaches of the city limits and drains primarily undeveloped or agricultural areas. 
A series of five reservoirs have been built on this stream to provide drinking water to Greensboro. In the last ten years, 
urban sprawl has started spreading into these basins with increased residential, commercial and industrial activities. In 
addition, the East Fork Deep River and Bull Run are within Greensboro City limits and discharge to the City of High 
Point's water supply. 

Emphasis was placed on the major tributaries supplying Greensboro's and High Point's drinking water supplies. Efforts 
were made to spatially distribute sites over the entire area within the city limits 9f Greensboro. Macroinvertebrate samples 
were collected on the North and South Buffalo Creeks at sites that are monitored for storm water mnoff and in-stream 
baseflow conditions. In addition, tributaries were selected to provide basinwide coverage. Very little monitming had been 

- conducted on the Reedy Fork Creek. All the main tributaries to the reservoirs and downstream of the reservoirs were 
sampled. In addition, one site on East Fork Deep River and Bull Run were sampled to estimate the condition of these 
streams as they leave the city limits of Greensboro. 

Three sites were selected as reference sites in relatively undeveloped locations: Bryan Park, Battleground, and McKnight 
Mill. Each is a first, second, and third order stream, respectively. These sites are important since replicate sampling was 
not conducted and will be used for comparison. 

Invertebrate Sampling 

BeA. .1c sampling followed a modified version of the EPA Rapid Bioassessment Protocol II using single habitat ap}'A _ ..~.ch 
with 1-meter kick net with 500-)-l m mesh openings (EPA 1996). A 100-m reach representative of the stream was selected. 
All samples were collected from the riffle zones of streams in areas where there was the best canopy coverage and side 
bank vegetation to portray the best overall sample results. Whenever possible, the site was at least 100 meters upstream of 
roads or bridge crossings and had no major tributaries discharging to the site. Two or three kicks were sampled at various 
velocities within in the stream reach. Large rocks and logs in the area where dislodged and washed off within the net. 
From the net, the sample was placed into a 500-)-l m opening sieve bucket where leaves, twigs and other large debris were 
washed off and discarded. The remaining debris and sample was placed in plastic containers and preserved in 90% 
ethanol. All organisms were sorted from debris in the laboratory and then 100-organism sub-sample was randomly 
selected from a stm1dardized grid. The one-hundred organism sub-sample was properly labeled and preserved in glass 
containers in 90 % ethanol. Three of the sites were samples twice to provide quality assurance. 

Identification 

Sorted samples were sent to a qualified contracted laboratory where organisms were identified to the lowest practical 
taxon, usually species. Specimens too immature or damaged to identify below the level of genus were repmied to the 
lowest known level. Identifications were checked by having 10% of the samples randomly selected and identified by 
another biologist. Tolerance values and functional feeding groups were reported. Hilsenhofftolerance values were used 
when North Carolina's tolerance values were not available. North Carolina's tolerance values range :from 0 for organisms 
very intolerant of organic wastes to 10 for organisms very tolerant to organic wastes. 

Metrics 

The following statistics were calculated for each site: total taxa richness, North Carolina biotic index value (NCBI), ....,.IT 
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Abundance, EPT Richness, Ratio ofEPT and Chironomidae, Percent Chironomidae, Percent Tubificidae, and Percent 
dominant species (EPA 1996, NCDEHNR 1997, MCDEP 1996). 

/_..-···, 

hw ess 

Taxa richness is the simplest measure of diversity. The total number of species .collected in the 1 00-organism sub sample 
was recorded to measure taxa richness. Taxa richness decreases with a decrease in water quality as the less tolerant 
species are eliminated. Bioclassification criteria developed by North Carolina Department of Environment, Health, and 
Natural Resources (NCDEHNR) for the North Carolina Piedmont for the standard qualitative sampling method is listed in ' 
Table 1. This bioclassification criterion is based on values from summer collection (June- September). These ratings 
reflect effects of chemical pollution but poorly assess the effects of sediment pollution. 

Biotic Index Criteria 

NCDEHNR developed the NCBI which accounts for differences in stream size, seasonal variations and ecoregions to 
complement taxa richness (NCDEHNR 1997, Lenat 1993). The NCBI is intended to examine the general level of 

- pollution, regardless of source. 

The NCBI is derived using the following formula: 

I:Tv·N· 
1-.l"CB I= 1 1 

TotalN 

where Tvi is the tolerance value ofthe ith taxa, Ni is the abundance ofthe ith taxa (1,3 or 10) and N is the sum ofthe 

. ) ance values. The abundance information for each taxon is tabulated at either RARE (1-2 specimens), COMMON (3-
9speCimens) or ABUNDANT(> 10 specimens) and given the value ofl, 3, or 10 respectively. The bioclassification 
criteria developed by NCDEHNR for the NCBI (after seasonal corrections) for the North Carolina Piedmont are listed in 
Table 2 (Lenat 1993). 

Ratio of EPT and Chironomidae Abundance 

Good biotic conditions would be reflected in communities with an even distribution among all four major groups. Skewed 
populations having a disproportionate number of Chironomidae relative to the more sensitive organisms (Ephemeroptera, 
Plecoptera, and Trichoptera) indicate environmental stress (EPA 1989). 

Percent Chironomidae 

The percentage of the family Chironomidae in the sample represents whether a stream is oligotrophic or eutrophic. A 
sample in which greater than 50% is Chironomidae suggests eutrophic conditions. Some species of Chironomidae are also 
tolerant to heavy metals. Percentage of Chironomidae will increase with a decrease in water quality. 

Percent Tubificidae 

An abnormally high percentage of Tubificidae accompanied by abnormally low values for percent Chironomidae 
indicates toxicity form urban runoff or insecticides that are toxic to arthropods. High tubified percentages accompanied by 
large Chironomidae populations indicate a serious organic problem . 

.. _.;llt Contribution of Dominant Species 
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A community dominated by relatively few species would indicate environmental stress. Dominant species greater than 
35% indicates poor water quality, between 23%-35% indicates fair water quality and less than 25% indicates good water 
quality (EPA 1996). 

Physical, Chemical, and Habitat Sampling 

Water samples were collected in plastic containers from locations at the middle of stream prior to macroinvertebrate 
sampling. Samples were preserved on ice and analyzed within 24 hours for nitrate-nitrogen and reactive phosphorus using 
the Hach Portable DR2000 Spectrophotometer. Turbidity, conductivity, pH, temperature and dissolved oxygen where 
measured at each site. Upon completion of sampling, a habitat assessment of each site was conducted using a fonnat 
developed by EPA Rapid Bioassessment Protocol (EPA 1996). A numerical habitat score was calculated for each site. 
Habitat assessments were summed to obtain overall habitat score: optimal (260-201 ), sub-optimal (200-136), marginal 
(135-71), and poor (<70). Stream order for each site was detennined using USGS topographic maps. 

Results 

- Baseline and Storm Data 

Greensboro, NC annually receives over 38 inches ofrain. Input of pollutants from stonn water runoff is frequent and a 
source of pollutant loading in our streams and waterways. This was evident in the results from four years ofland use 
storm water quality data that showed heavy metals, fecal bacteria, and solids were the greatest impacts from urban runoff. 
These parameters frequently exceeded NCDEHNR action limits and standards for in-stream concentrations. However, 
acute toxicity of first flush samples using the fat head mhmow (Pimephales promelas) showed no mortality. To 
complement this information, two years ago monthly sampling of ambient stream conditions was started to determine 
baseflow conditions. These samples were taken on the second Tuesday of each month to reflect any weather conditions 
but · · 'lst likely reflected dry weather conditions in the stream. Fecal colifonn levels continued to be elevated durinp 
ba~ . .:Jw conditions. Aluminum and iron, which were not tested in storm water runoff, were at levels above the 
NCDEHNR's criteria, but were attributed to local soil types. The heavy metals, copper, lead, and zinc, which were 
prevalent in storm runoff, were much lower in ambient conditions. It is hypothesized that these particles quickly settle out 
of the water column into the sediment. As expected, solids were much lower in ambient stream conditions as was 
biochemical and chemical oxygen demand (BOD and COD, respectively). 

Biological and Habitat Data 

Selected results and the associated metrics are listed in Table 3. The purpose of biological sampling was to sample 
citywide and to help determine the areas where more in-depth monitoring could be conducted or sites where future 
development may adversely affect stream conditions. 

Physicochemical Data 

At each site where macroinvertebrates were sampled, nitrate-nitrogen and reactive phosphorus, pH, conductivity, 
turbidity, dissolved oxygen, and temperature was taken. Results were consistent with ambient in-stream data. Nutrient 
levels were found at very low concentrations. Phosphorus ranged between 0.0 mg/1 to 0.75 mg/1 and nitrate ranged from 
0.2 mg/1 and 1.5 mg/1. Temperatures were slightly elevated at sites with little canopy cover in comparison with site that 
had vegetative cover. Dissolved oxygen (DO) was not below 4 mg/1 at any the sites. The lowest DO was 4.99 mg/1 and as 
high as 9. 73 mg/1. Turbidity was below 25 NTU at all sites except three sites that ranged between 90 to 102 NTU. These 
sit re associated with construction activities. Conductivity generally ranged from 64 J.l mhos/em to 506 J.l mhos/r nd 
one site with 996 1-l mhos/em. Sites with high conductivity were observed to be associated with industrial activities. 
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Discussion 

~equacy of Chemical Data 

The purpose of the storm water monitoring program is to assess the overall health of the streams in Greensboro. NPDES 
permit requires monitoring of storm water nmoff for the purpose of land use characterization and pollutant load estimates. 
However, this does not adequately characterize the health or condition of city streams. It does not take into account stream 
habitat or biological communities. This monitoring provides instantaneous chemical and physical data but does not 
indicate long term or continuous effects. Biological communities are directly affected by these parameters in addition to 
upstream and downstream activities such as piping of streams, dams, impoundments, construction activities, and stream 
crossmgs. 

Role of Habitat 

Great variation in habitat was seen throughout the city. For this study, the best overall habitat area was sampled in the 
different stream reaches. Habitat scores were lower at sites that received good-fair and fair biotic ratings in comparison to 

- sites rated good and excellent. Some sites had good riparian buffers and canopy cover but lacked adequate substrate and 
bank stability. Historic practice in the urban setting was to channelize and dredge city streams to convey the water as 
quickly as possible out of the city to minimize flooding. In addition, ·riparian zones were maintained mowed lawns and 
bank vegetation was scarce. These practices have led to the destruction of biological comri:mnities. Current City policy is 
to restore vegetative riparian zones and to stop dredging stream channels. Unfortunately, we are still left with the damage 
from the past. Now the latest problem seems to be the result of construction and development activities that continues to 
increase sediment and flow to the streams. 

Evaluation of the Metrics 

Lu!. .. .;SS number ofmetrics and indices exist to analyze macroinvertebrate samples (Resh et al1995, Thome and Willliams 
1997, Washington 1984). We have chosen to follow the procedures outlined by NCDEHNR (1995). In particular, 
bioclassifications have been based on the NCBI to support water quality assessment. Other metrics were used to help 
interpret the overall quality of the site. Of all the metrics calculated, the most useful were NCBI, taxa richness, EPT 
abundance, and percent Chironomidae. 

EPT Richness showed verylittle difference between individual site with NCBI ratings good, good-fair, and fair. However, 
impaired and poor sites had.EPT richness and abundance values of 1 and 0 indicating absence of mayflies, stoneflies and 
caddisflies. However, this absence was already noted in the NCBI and taxa richness. Therefore, we would not recommend 
using these metrics alone. 

Tubificidae populations were rare, only being found at seven sites comprising less than 5% of the community. Since 
Tubificidae were not present at many of the sites this metric is not useful. Similarly, percent dominant species and ratio of 
EPT to Chironomidae did not produce distinct results. The greatest tubificidae population was 26% ofthe community at 
Caesar, which had poor ratings from all metrics. These results indicated the site suffers from sever organic pollution and 
eutrophic conditions. · 

Water Quality and Macroinvertebrates 

South Buffalo Creek exemplifies the degradation ofmacroinvertebrate communities along the stream continuum. Big 
Tree is a second order stream location on South Buffalo Creek with an excellent NCBI rating influenced by residential 
land use. Its habitat score was rated sub-optimal with no channel alterations. Boston Road is slightly downstream where 

Buffalo Creek is a third order stream. This site had a NCBI rating of good even though it is located downstream of 
LvYv heavy construction areas with high amount of sediment loading. Hillsdale is further downstream on South Buffalo 
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Creek, which receives runoff from an older commercial area with shopping mall, restaurants and office parks. The stream 
channel has been dredged and the buffer zone and banks are mowed regularly. The NCBI value at the Hillsdale site was 
only rated fair. Slight improvement was seen downstream at the Trestle site where the NCBI rating was good-fair. 1' t 
lik the reason the NCBI rating was improved was better habitat conditions and changes in land use. However fm. " 
downstream on South Buffalo Creek at the McConnell site, the location was rated fair with impaired substrate and quality 
even though the surrounding land use was not developed. This site suffers from the affects of upstream urban activities. 

Sites along North Buffalo Creek and its tributaries also showed degradation along the stream continuum. The Arboretum 
site is the farthest site upstream on the main channel. This site location is a third order stream where the NCBI rating was 
good-fair with habitat rating of sub-optimal. The stream degraded slightly at Lake Daniel where the NCBI rating was only 
fair and the habitat score was reduced. Surprisingly, the NCBI rating upstream ofthe City's wastewater treatment plant 
(WWTP) was rated good-fair. Previous investigation by the NCDEHNR reported a poor NCBI rating. Water quality data 
showed dissolved oxygen of 4.99 mg/1 and conductivity of 996 )l mhos/em. Two tributaries draining into North Buffalo 
Creek at Caesar Park and White Street indicated poor NCBI ratings. Both are affected by industrial as well as commercial 
runoff. 

- Sites located in the various tributaries to the water supply lakes were rated excellent, good and good-fair by NCBI. EPT 
species were well represented and Chironomidae percentages were low at all sampling locations. Development was 
restricted in these areas requiring best management practices on new develppment. However, development has steadily 
increased. This preliminary data on benthic communities serves as a baseline for change as development continues and the 
watershed changes. 

Sediment loading occurs fi:om construction activities especially during storm events. Benthic macroinvertebrates are able 
to withstand short-term increases in suspended sediments; however, continuous high levels of sediment may have adverse 
effects. The sediment effects macroinvertebrates by changing substrate, causing respiration difficulties, lowering oxygen 
coP'"''ntrations and reducing food value. Chironomidae may increase because they use fine sediments in the constm n 
of ~s and tubes (Wood and Almitage 1997). Therefore, higher percentage of Chironomidae would be expected iL 
South Buffalo downstream of construction activities. However, Boston, Hillsdale, and Trestle, which had high turbidity, 
had relatively low Chironomidae percentages. Sediment was evident at most sites even in the upper reaches of the water 
supply watershed that had almost no cobble substrate. Sediment in these areas was from some construction and banlc 
erosion. 'Fhe effect of sediment and erosion of biota still needs to be studied. 

Conclusions 

It is not surprising that urbanization causes degradation of water quality, habitat and biotic communities in streams. 
However, we have concluded that historic water chemistry monitoring does not provide enough information to assess 
completely the condition of aquatic ecosystems. The rapid bioassessment protocol indicated if water quality, substrate, 
riparian buffer, or channel alterations have impacted the site. Sites thought to be severely degraded from the appearance 
and perceived water quality actually indicated good-fair biotic communities. Conversely, sites in the water supply 
watershed of the City thought to be relatively pristine having good water quality showed lower water quality, habitat and 
biotic community diversity than expected. Macroinvertebrates are an important monitoring tool to measure continuous 
and chronic effects from pollution, stream degradation ftom stonn water runoff and point source discharges, and 
indicators of stream recovery. Data on invertebrate communities in conjunction with habitat and water chemistry data will 
provide the necessary tools for monitoring impacts to streams and other aquatic systems. 
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Table 1. Bioclassification Criteria for Taxa Richness Values for the 

North Carolina Piedmont for Standard Qualitative Sampling Methods 

(Lenat 1988, NCDEHNR 1997) 

Bioclassification StandHrd Method 

I Excellent I >31 

Good 24-31 

Good-Fair 16-23 

I Fair I 8-15 

Poor 0-7 
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Table 2. Bioclassification Criteria for North Carolina Biotic Index for the 

North Carolina Piedmont (NCDEHNR 1995) 

II Bioclassification Biotic Index Value 

Excellent < 5.19 

Good 5.19-' 5.78 

Good- Fair 5.79- 6.48 
I 

Fair 
II 

6.49-7.49 
I 

Poor 
II 

> 7.48 
I 

Table 3: Selected Results of Biological Monitoring and Habitat Assessment 

I Sioo I 

NCBI 
Taxa EPT Classifi- % Stream Habitat 

Richness Abundance NCBI cation EPT:C Chironomidae Order Score 

I North'Buffalo Creek I 
Willoughby 45 23 5.46 Good 16.33 3.33 1 178 

C:: .1"1. 50 0 I. f.) T'l - 0 61.811 1 162 

Benjamin 60 33 6.01 G-F 8 8.94 2 191 

Arboretum 72 33 U,lU II G-F 2.3 18.18 3 170 

White Street 30 

~~~' 
0.16 80 3 151 

*McKnight Mill 1 d ?<; 12.8 3 183 

Lake Daniel 5 r 0 76.74 4 144 

WWTP 23 F 6.24 11.81 4 180 

South Buffalo Creek 

Randleman 35 16 5.96 G-F 5.53 13.48 1 140 

4211 1~~ 1-. IQ G-F 3.2 15 1 157 

Florida 38 16 6.72 Fair 3.16 19 1 144 

I Big Tree I 36 25 ~~ Excellent I 19 4.46 2 181 

I Meadowview II 4311 211~1 G-FI 1.97 30.36 2 121 
" " " 

http://www.nwqmc.org/98proceedings. 9/26/2006 



Kapld Hwassessment o! Henthlc Macromvertebrates lllustrates Water ~uallty m :small Urder Urban :stream ... Yage ~or~ ; 

I Cypress Park II 5611 261~1 Good II 1111 6.141 21 141 

I Gillespie II 4011 151~1 Fair !I 0.5411 57.14 2 109 

I Boston II 5711 261~1 Good II 3.5611 16.22 3 160 

Hillsdale 41 16 ~I Fair II 1.7311 28.57 3 155 

RRT~ 37 27 ~I G-FII 6.231 13.27 
4JG 

McConnell II 33 1 I 7.43 Fair I 0.01/ 72.16 4 138 

Water Supply Waters D 
I King Edward I 65 201~1 G-FII 1.051 33.04 1 168 

*Battleground 62 161~1 Good II 1.951 18.27 1 177 

Church St. I 60 18~~~ Excellent 1.05 34.55 2 152 

*Bryan Park I 62 13 1~1 G-F 2.32 19.53 2 

I Chimney Rock II 54 221~1 G-F 3.051 17.54 2 1 

I Cotswald II 62 13 1~1 Good 3.22 7.44 3 130 

Quaker Run I 5o II 181~1 Good 10.6 4.55 3 120 

Bunch Road 31 1 6.3 G-F 0.091 25.58 3 119 

Cardinal CC 37 13 6.46 G-F 11 37.93 3 110 

I-29 54 23 ~I Fair 1.051 26.87 4 170 

Addams Farm 441 251~1 Good 0 0 3 198 

Piedmont Pkwy 50 1 231~1 G-F 5.75 12.21 2 193 
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CHAPTER 6. AMBIENT TOXICITY TESTING .A.J.'\:D \VATERSHED ASSESSMENT 

6.1 Overview 

This chapter provides guidance to permit w1iters who are including stormwater or ambient 
conditions in pennits. Although, WET tests are used as the primary tool for stom1water and 
ambient monitoring, the conditions 1..mder which they are used are generally different from 
monit01ing continuous effluent discharges. Procedures which should be considered include: 

• Experii:nental design- sample collection location, single vs. multiple concentrations 
• Sampling·- frequency, volume, container material, holding time 
• Toxicity test method- organism selection, renewal frequency 

Additionally, this chapter provides a hroad overview of tools to be considered for stormwater 
and ambient monitoring, and provide examples of programs that have utilized tools including 
sediment toxicity testing, bioassessments, and in situ testing. 

6.2 Introduction 

Pennitting authorities are, by the very nature of what they do, stewards of the nation's water 
resomces. As such, their ultimate goal is to maintain those resources in a condition that, "meets 
the needs of the present without compromising the ability of future generations to meet their 
needs" (Bruntland 1987). The Clean Water Act (CWA) states, "The objective of this act is to 
restore, and maintain the chemical, physical, and biological integrity of the nation's waters." It 
is no longer sufficientto think about aquatic ecosystems from a singie perspective like point 
sources, non-point sources, sediment, stormwater, or the air/water interface. A holistic approach, 
using the \7v'atershed as the integrating unit, has clearly been recognized by EPA as the focal 
point for measuring how well the objectives ofthe CWA are being met. 

According to the Watershed Infom1ation Network (WWVi'.epa.go\7/owow/watershed/), a 
watershed is an area of land that drains to a common place, such as a stream, lake, estuary, 
wetland, aquifer, or the ocean. Since the goal of permitting authorities is to maintain healthy 
water resources, they are increasingly not only required to monitor effluent discharges, but 
potential watershed pollution in the form of stonnwater discharges and non-point source toxicity 
to receiving waters, or ambient waters. Much like effluent outfalls are monitored with toxicity 
and chemistry, stormwater outfalls and receiving waters can be monitored with similar tools, but 
with specific considerations for their use. 

Once, the Permitting Authority identifies the questions to be addressed, the development of the 
Quality Assurance Project Plan (QAPP) integrates all technical and data quality aspects of a 
project including planning, implementation, and assessment. EPA requires that all 
environmental data used in decision-making be supported by an approved QAPP. EPA 
requirements for QAPPs can be found at http://v;.rww.epa.gov/guality/gs-docs/rsfinal:odf. 
Ambient water quality monitoring conducted in California using state funds must be compatible 
with the State's Surface Water Ambient Monitoring Program (SW A.MP). The objective of 
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SWAMP is to provide high quality data that is comparable and accessible. The current 
requirements necessary to be considered SW Alv.[p-compatib1e are detailed in the links found at 
www.swrcb.ca.gov/swamp. Before any study is undertaken, there are certain common steps, 
rt~gardless of the study, that should he performed. These steps are outlined in Figure 6-1. 

Figure 6-1. Recommended Steps in ·Development and Implementation of Environmental 
Monitoring Studies · · 

Develop a Problem Statement 

. Review all relevant historical information 
• De:tine spatial and temporal botmdaries . .. Identify collabm;ators to ~e benefit of limited :funcling 

~-
~dentify a Study Approach I 

• Define approach, purpose and objectives 
• Include a conceptual·modei (if appropriate) 
• Optimize sampling design- consult·a statistician 

i 
Develop a QA..PP and Monitoring Plan 

• Establish measurement quality objectives (MQOs) . .Develop a rigorous QA/QC program 
• Include SOPs for all toxicity .testing and chemical analyses 

I v· 

Collect and Analyze E>ata 

• Collect ahd analyze data accordi!).g to the QAPP and Monitoring Plan 
• Review data frequently and alter approacl1, if appropriate 
• Identify stressor( s) using Stressor IdeJ.?.ti:fication Procedures and/ or TIEs 
• Include discussion ofBMPs 

~ 
Synthesize .and Report Data 

• Make draft report available for review by stakehol(j.ers 
• Pro:vide responses to all comment(' 
• Publish repo~t, preferably in peer-reviewed joumai 
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6.3 Use of WET Testing in Stormwater and Ambient l'donitoring 

Toxicity te~.ting procedures that are typically used in WET testing compliance, coupled with 
other biolc,gical assessments, have become inc:-easingly important tools for idemificacion of 
waterbodie~ \Vhich fail to meet goals of the CV/A. In general the same organisms, testing _ 
protocols and sampling methods used in WET testing can be used in stormwa.ter and ambient 
water monitoring. However, stormwater and ambient water study designs may need. to 
inco11)orate different test organisms and sampling strategies to meet the goals of the study. 

Monitoring in freshwater ecosystems typically employs EPA three-species toxicity tests with 
freshwater algae (Selenastrum capricomutum), the cladoceran (Ceriodaphnia dubia), and the 
fathead mi1mow (Pimephales promelas) (USEPA 2002a, 2002b). There are numerous 
advantages in using established WET test species for ambient monitoring including well 
understood life history and husbandry of the test organism, and established test protocols with a 
robust statistical basis for endpoint interpretation. Depending on site-specific water quality 
conditions, it may be appropriate to utilize other species. For example, standard 'WET species 
may. not tolerate high IDS waters characteristic of some ambient and storm waters. In cases 
where water quality characteristics are not compatible with standard test species, the permitting 
authority should use best scientific judgment within local and state agencies and EPA to select 
altemate species and/or testing approaches. 

For testing of estuarine environments, EPA has published short-term chronic toxicity test 
methods for several West Coast species which could be used for environmental mm1itoring in 
estuarine and marine environments (USEPA 1995a). The estuarine species include topsmelt 
(Atherinops affinis) and mysid (Holmesim:ysis costata). For testing marine waters, protocols for 
Pacific oyster (Crassostrea gigas), mussel (A1ytilus sp.), red abalone (Haliotis rufescens), giant 
kelp (lvfacrocystis pytifera), sea urchin (Strongylocentrotus pz;.rpuratus), and sand dollar 
(Dendraster ex,centricus) are available. Monitoring programs may be conducted in areas that 
contain species of special concern. EPA has provided guidance on selection of standard test 
organisms that would predict responses of species that are threatened or endangered (USEP A 
2003b). 

6.4 Stormwater Monitoring 

Stom1water monitoring for toxicity is really a special case of effluent monitoring, the main 
difference being that stormwater is episodic. There are special conditions associated with 
stormwater monitoring in cities and towns where collected stormwater is conveyed through 
separate storm sewer systems or throlJ.gh combined sewers to a treatment plant prior to 
discharge. 1n most cases, stormwater is directly discharged to the receiving system without 
treatment. Ultimately, a successful stormwater program minimizes the level of contaminants in 
the storrnwater. The most severe receiving water problems due to wet weather flows are likely 
associ?.ted with chronic exposures to contaminated sediment and to habitat destruction. 

Since 1990, EPA has developed Phase I of the NPDES Stonmvater Program 
(http://cfuub.epa.Q:ov/npdes/home.cfrn?uroQ:ram id=6). Most stormwater discharges are 
considered point sources and require coverage by an NPDES pe1mit. The Phase I program 
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addressed sources of stom1water runoff that had the greatest potential to negatively impact water 
quality. Under Phase I, EPA required NPDES pennit coverage for stonnwater discharges from 
medium and large separate stormwater systems, eleven categories of industrial activity, and 
construction activity that disturb five or more acres of land. Phase II of the program requires 
NPDES coverage for stormwater from certain regulated small municipal separate ston11 sewer 
systems and constmction activity disturbi11g between 1 and 5 acres of land. 

The "quality" of the wet weather flow is dependent in large pmt on the use desif,rnations ofthe 
land it flows over. There .are differences benveen constitnents in wet weather flows originating in 
high motmtain forested m·eas and those originating in fully developed urban areas. According to 
Pitt (2003) urban receiving waters may have many beneficial goals, including: 

• stonnwater conveyance (flood protection), 

• biological uses (warm water fishery, biological integrity, etc.), 

• noncontact recreation (linear parks, aesthetics, boating, etc.), 

• contact recreation (swimming), and 

·• ·water supply. 

However, with full-scale development and lack of stonnwater controls, severely degraded 
streams will be common,place in highly urbanized areas. Some studies have . .shown pignificaiJ,t, 
aqll,~tic life in1pacts even in watersheds, that .are les~ than 10% urbanized (P1tt 200~; Bo~th and 
Jac1c~<;ml997). Ip.the Padfic North~~st, Homer et a~.{l997) found that :when frnperviousne.ss 
·rea~hed about 8% in the watershed, there w~s~a rapid d~cline m. the biologj:caLconditiq~s n1 the 
receiVmg water. Severe problems were found when imperviousness reached 36%. Claytor : · 
(1996) found that when only conventional water quality measures are useP, to eyal11at~ the .status 
of non-tidal streams, 87% supported their designated biological uses. B:owevei; w:he11 biological 
assessments were included,·only 13% oHhe stre~s St\pj>6rted t;b.eir designated biological·uses. 
AcQw;qing to tpe EEA StormW;ater :wepsite de~ig1,1~dto provide guidance f<;Jr rep.uci.n,g 
ccmtaminant input into r~ceiying waters, .the pnimary ;method to control stonnwater discharges is 
tln·.o:t;~.gh .the use of Best IY;Ianagen1ent Practices (B:MPs). EPA maintains a web site 
http://www.bmpdatahase.org/index.htm that contains a datab.ase ofroughly 200 BMPs. 

6.5 Ambient Monitoring 
' . 

The receiving waters of either an effluent or .stormwater discharge are monitored to achieve a 
greater .Understanding .ofthe potential effects of the disch~~ge .. · Standard effluent monitoring 
. 4 . •· . . . . 

tools, such as toxicity testing and w.ater chemistry are used.gather data: on receiving water 
impacts, but other tools include ,in situ toxicity tests, bioa~sessments, m1d ·sesJ.irnenttoxicity . 
testing. The experimental desig'JJ. of the a~i.bient,monitoring study. will he based on the study 
questions and the tools that a:re cposen. Water column toxicity tests will pick up more .ephemeral 
toxicity, .a~d ·th-erefore should be 1,\Sed.infewer .places, hut perhaps more-often. In situ water 
column toxicity tests can integrate toxicity overtime, and could probably be-used more 
sparingly, at least temporally. Sediment acts as a sink for many chemicals, particularly 
hydrophobic ·contaminants, .and sediment toxicity testing tends to monitor the potential for longer 
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tenn effects. Sediment toxicity rests could be used less often temporally, but over a wider spatial 
range. Bioassessment also monitors long tenn trends, and is not generally considered a 
diagnostic tool, but couid be used to assess long tenn impacts. 

Several studies in California have successfully used ambient toxicity testing to identify and 
regulate frequently occurring toxic chemicals (Foe and Sheipline 1993; Kuivila and Foe 1995; de 
Vlaming et al. 2000). In these studies integral sampling locations were selected and ambient 
waters were collected tO be assessed acute and chronic toxicity If toxicity was detected, 
additional samples were collected for testing to determine spatial and temporal pattems, as \Vell 
as for conducting toxicity identification evaluations (TIEs) to identify the causative agents. This 
approach has led to the listing of chemicals broader than tbe 126 priority pollutants cmm11only 
tested. For exari1ple, diazinon was identified as causing water quality impairments and lead to 
303(d) listings in several watersheds in Califomia. 

6.6 Special Considerations 

Unlike effluents, where the constituents in the discharge rerriain fairly consistent, the constituents 
in stormwater and ambient samples can be ephemeral. Storm ·events are episodic, and depending 
on land use, a variety of contaminants can be present in the runoff. Receiving waters are 
similarly dynamic depending on inputs from point and non-point sources. Because of their 
inherent differences from effluents, toxicity testing of stornrwater and receiving water have some 
specific method considerations. iueas which need to be considered differently for storm1vater or 
ambient testing than the effluent testing program include: (1) sampling location and sample 
type, (2) sample containers, (3) sample iri.itiation test, ( 4) sample renewals, and (5) experimental 
test design (single vs. multiple concentration testing). 

6.6.1 ·Sampling Location 

Selection of appropriate san1ple sites and sampling regimes-are critical to the success of 
environmental monitoring studies. Sampling design in environmental monitoririg programs is 
inevitably a compromise between cost/effort and accurately reprQducing the regimen to Vi'hich 
the organisms are actually exposed in the environment. Many sampling scenarios involve the use 
of integrator sites where multiple discharges and/or tributary flows combine. The United States 
Geological Survey's (USGS} "Seamless Data Distribution System" (http://seamless.usgs.2:ov) 
enables a user to view and download many geospatiallayers, such as the National Evaluation 
Data set, National Land Cover Data set, a.."'ld High Resolution Orthoimagery. If toxicity is 
detected at the integrator site, each of the contributing soillces is tested to determine the source 
of the toxicity. Although this seems intuitive, care must be taken to assure that the samples are 
taken .. iri sucn-a wa:ftliat takes· iiito ·accolint the.bydrofogy of ilie .. systein being studied. USGS 
maintains a web site (http://water.usgs.2:ov/waterwatch) that reports in real time flows in 
mainstem rivers and major tributaries. In addition, real-time stream flows for Califomia are 
posted the Califomia Department ofWater Resources website (http://cdec.water.ca.gov), which 
is useful in developing sampling plans. Land use information is critical .for designing monitoring 
studies when it is i111portant to know the contribution of flows from agricultural and urban areas. 
In addition, for agricultural areas, knowledge of crop type (http://cis.ca.2:ov) and pesticide use in 
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specific areas (http://calpip.cdpr.ca.gov) can be useful in tracing sources of toxicity from 
agricultural chemicals. 

6.6.2 Timing of Sample Collection 

Monitoring storn1water for toxicity requires a special understanding of what needs to be. 
monitored (Herricks and Milone 1998) although the methods used to test stom1water may not be 
any different from those used to test ambient/receiving waters. The challenge associated with 
stori11water testing is in developing sampling simtegies that incorporate realistic exposure 
scenarios. Routine stom1water monitoring can differ from a "first flush" event that is generally 
more toxic because of contamimmtbuildup on impervious surfaces.during the'dry season. 
Similarly, first flush events from agricultural settings can occur after winter dormant spraying 
and pesticide applications in the spring. The greater the period between rainfall events, the 
greater is the potential for build-up of contaminants. 

Timing of sampling of !3tormwater discharge depend on the intensity of the storm as well as 
pr.eexisting conditions surrounding the site such as amount ofini.pervious surfaces, 
characteristics of the collection.system.and soil satmation. The effect of these factors on 
dischm'g.e volume can be monitored using.a hyclrograph plot (flow vs. time). Contaminants will 
usually move into the receiving water as·the stor111 hydro graph increases (Burton and .Pitt200 1 ). 
Depending on the purpose of the study, multiple samples can be collected and tested throughout 
the runoff event to assess short-term effects and contaminant loading. 

If a study objective-was to monitor the toxicity associated with a particular stor.m event ina 
particular watershed at a particular -site; or multiple sites, then samples collected 0ver the period 
of the ,storm, based on the watershed characteristics and hydro graph would provide ·the most · 
realistic time-scale for exposure. Herricks and Milone (1998) discuss a variety of approaches for 
determining the appropriate tin1e,scale ofexposure for a given water~hed;.Miller etal. 2005 · 
present results of flow-through toxicity studies for studying stormwater in an urban creek using 
C. dubia. 

At -the other extreme of exposme would be water colunm organisms that are picked up· m1d 
carried for an extended, but unknown, period of time with the first flush of water that enters the 
receiving system. In this case, samples ofthe first flush of water canbe used to expose 
organisms in the laboratory using \VET test methods with or :without renewals, depending on 
what the investigator is attempting to mimic. ·· 

For arnbient sampling, knowledge oflanduse, pesticide application pattems and timing, and 
system hydrology is required to ·select saw.ple site locations and timing. For both st01mwater and 
ambient sarnples, sites that demonstrate adverse effects, timely collection of aaditional site 
samples is essential to establish the frequency, magnitude, and dui·ation of the toxicity at the site. 

6.6.3 Sample Collection 

Effluent monitoring generally utilizes composite sampling to collect water during a discreet 
period of discharge. Depending on the objectives of the study, composite sampling can also be 
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used for stormwater and ambient monitoring, but grab samples are used most often. The use of 
grab samples, the episodic nature of storm events, and the level of effort involved in the 
collection of receiving \Vater S:::lillf")lcs can often lead to difficulties in adbei:ing to a 36-hour 
sample holding time and the abi 1 iiy w collect multiple samples for renewals in an individual test. 
All tests should be conducted as soon as possible following sample collection.· E-PA has allowed 

exceptions to the 36-hour holding time, for example, when effluents are shipped overseas for 
testing (Denton and Narvaez 1996). The primary reason for an extension of the holding time 
would be the consideration of the sampling and laboratory technicians safety (Burton and Pitt 
2001; see page 255), and logistics of coordinating collection and transport of multiple samples 
within a short period. Since, storm events are not pre-determined and typically are occurring 
rapidly throughout a watershed; therefore, many site samples must be coordinated with short 
notification. The 36-hour holding time for test initiation should be targeted, but no more than 72 
hours should elapse before initial use of a sample. Typically, environmental monitoring 
programs use a single sample for all toxicity test renewals. For acute studies (typically 96 
hours), a single test sample is usually collected and used to renew test solutions daily or at 48 
hrs. EPA specifies the use of a minimum of 3.samp1es for chr.onic toxicity studies with fish and 
invertebrates (USEPA 1995a, 2002b, 2002c), but depending on the study question, sampling for 

. storm events, might occur only once, or several times throughout the hydro graph. Another 
solution is to renew the test solutions with a mixture of ambient waters and stormwaters, if such 
waters could be collected following test initiation while meeting \VET test holding time 
specifications (Katznelson and Mumley 1997). - . 

During sample collection, it is critical to confirm and record the site location using GPS 
coordinates, note site characteristics, measure basic water chemistry (temperature, dissolved 

. oxygen, conductivity), and estimate flow velocity and volume. The latter information may be 
challenging to obtain but is critical for estimating tox.icant loading. Generally, glass sample
containers are recommEmded for ambient and stormwater samples. Samples must be 
limnediately placed on wet ice and transported to the testing lab, where testing should be · 

· initiated as soon as possible. Even assuming that all conditions of sample holding (36 hrs 
maximum at :S 6° C) are met, significant quantities of some chemical classes of constituents 
(e.g., organophosphates, pyrethroid insecticides and surfactants) may sorb to sample containers 
during the holding period. Vigorous shaking of sample containers prior to distributing to test 
containers to re-di~solve sorbed constituents is recommended (\Vheelock et al. 2005). 

6.6.4 Data Analysis 

Initially, samples are tested at without dilution such as 100% concentration. The test endpoint 
data is analyzed using a standard t-test approach as described in the test methods manual (see 
USEP A 2002a, page 86f Mimy sampling plans specifY tliat if toxicity is detected, tl-ie site shall 
be re~sampled and retested using a dilution series to determine the duration, frequency and 
magnitude of the toxicity. Toxic samples should immediately be subjected to TIE procedures to 
attempt to identify the toxic chemical(s). 
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6.6.5 Stormwater In Situ vs. First Flush 

There are potentially two entirely different kinds ofexposm·e from stom1water events. For sessile 
organisms .(e:g., organisms which do not move with the discharge flow), the exposme is the 
culn1ination of all the water and constituents that pass over them during an event. In this case, in . . 

situ monitoring, using methods that can withstand the changes in the flow regime, can 
characterize tl1at exposure. The effects of that exposure may be more difficu~t to predict, as they 
may n0t occm until some time after tl1e exposure. One way to address this is to rm1mve tl1e in 
situ systems after tl1e storm event and monitor ·tl1eir responses in clean water. Herricks and 
Milone .(1998) studied time-varying exposures in tl1e laboratory usilJg fue clado~eran C. dubia, 
the fish P. promelas, and the. ampllipod H azteca. Their work showetl the need for appropriate 
time-scales of exposure. Organisms that reside in tl1e water column would move with tl1e 
stonnwater flows. Therefore, exposing C. dubia to the first flush sample in a storm event would 
probably not represent me exposme most of these sorts of orgmiisms'would receive. 

6.7 · Additional Monitoring Tools 

There are additional tools that can be utilized for monitoring of storn1water and ambient water. 
';I'hree of :these tools are discussed below: in situ toxicity testing, sediment toxicity testing, and 
bioassessments. The use Gfthese :tools, and others, ·can eifuer lead to the identification of an 
impamnent, or monitor a currenHy inipaired waterbody. •Once ·impairment bas been >identified; 
identification ofthe primary stressors is pmsued through fue EPA stressor identification process 
(US EPA 2000c). This process 'was developed to identify any type of stres'sor,or combination of 
stressors that cause biological iinpairment. The Stressor Identification (SI)pro.cess entails 
critically reviewing the available environmental infotfu.atio:ai analyzing potential exposure 
scenarios, and developing monitoring programs to fill in data gaps. ~he reader is· encomage.<.?:;to 
review the SI document·prior to developing or reviewing e:avironmentalmonitoring programs. 
Some types of monitoring approaches and their applications are shown in Table 6-'1. . 

Table 6-1. Types of Monitoring Approaches and Their Applications 

Type 

Chemi,cal 
Condition 

Physical 
Condition 

Biological 
Condition 

Approach 

Water quality 
san1pling 

Watershed survey 

Habitat 
assessment 

Macroinvertebrate 
sampling 

Source: USEPA 1997a, 

Applications 

Scr~en for impairment; identify specific ponl;ltants of concern; 
ide)ltify water qllality trends;.detennine sup,port of des~gnate'C! 
contact recreation uses; i&:ntifyp,ot~ntia1i:J01lution sou1~ces. 
Determine land ,use patterns; determine presence of current and 
hlstm:~<;:al pollution sources; identi:fy gross pollutiqp prC)blei-ils; 
identify water 11ses·, users, clivers'ions, and stream.obstructfoils 
Detem1ine and isolate i£npacts of pollution source,s, particularly land 
use activities; intef.pret'biological data; screen fcit'in:lpainnents 

Screen for imp ailment; identify impacts of pollution and poHution 
control activities; determine ·~he severity qfthe pollution problem 
and rank stream sites; identify water quality trends; determine 
suppmt of designated aguatic life uses. 
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6.7.1 In-Situ Testing 

Toxicity tests using standard VlET organisms ai1d perfom1ed on ambient \Vater samples are 
considered surrogate exposures for environmental realism. Exposing these organisms in situ can 
increase the envitonmental relevance. The test organisms used for in situ biomonitoring range 
from the same organisms used in \VET toxicity testing to a wide amiy of other organisms. The 
list of ref ercnces that follow are only a small number of articles on in situ toxiciTy testing: WET 
test organisms (Anderson 2002; Dickson et al. 1996; Hemming et al. 2001) amphipods (Maltby 
et al. 2003; Rainbow and Kwan 1995; Gerhardt et al. 1998); algae (Twist et al. 1997); real-time 
biomonjtors (Allen et al. 1996; Waller et al..1995; Kuster et al. 2004; Gerhardt et al. 1998; Kieu 

- et al. 2001; Charoy et al. 1995). 

Organisms can also be exposed in situ for bioaccmnulatibn studies. Freshwater and marine 
mussels bioaccumulate both metals and organics and have been used extensively to evaluate 
sources of environmental pollution . Mussels can be placed in the field for varying periods and 
have the additional endpoints of growth and sun.1ival. Strategically located mussels can identify 
chemical inputs. 

Several large monitoring programs have used mussels to monitor contaminants and determine 
contarnimw.J.t bioavailability in the water column. The San Francisco Estuary Institute (SFEI) has 
a long history of using bivalves (resident clams and transplanted oysters and mussels) as sentinel 
species. Davis and Taberski (2002) reported on the use of mussels as part of a regional 
monitoring program of water quality in San Francisco Bay. California's Department ofFish and 
Game State Mussel Watch Program (SM\VP) has been in effect since 1976. The Mussel Watch 
program is part of a worldwide monitoring effort des.igned to detect the presence and 
concentration oftoxic pollutants i.p estuarine and marine waters (Martin ap.d Severeid 1984). 
California has also employed mussels in the fresh\vater toxic substances monitoring program 
(SWRCB 1990). . 

6.7.2 Sediments 

Because sediments can be .sinks for many contaminants, they are potentially impacted by 
discharges to a receiving· waters. The Contaminated Sediment Management Plan (USEP A 1998) 
has as its goal, "to reduce fragmentation, duplication, and increase more holistic approaches to 
pollution prevention." For example, NPDES permitted facilities may be meeting all their 
chemical-specific, parameter-specific, and WET requirements and yet sediment contamination 
could result from releases from these facilities. There are more than ten Federal statutes that 
provide authority to EPA program offic~s to address the problem of contaminated sediment. The 
EPA (1998) studied data from 1,372 of 2,111 watersheds in the continental United States and, 
based on the approach discussed below, identified 96 watersheds that contain "areas of probable 
concern" (APC). Four goals have been established to address the problem of contaminated 
sediment (USEPA 1998). These goals are: 

• prevent the volume of sediment from increasing, 

• reduce the volume of existing contaminated sediment, 
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• ensure that sediment dredging and dredged material disposal are managed in an 
environmentally sotmd manner, and 

• develop scientifically sound sediment management tools for use in pollution prevention, 
sow·ce control~ and dredged material management. 

It is impmtant to -note that these 96 watersheds have been identified from existing databases and 
do not represent all the watersheds or pmtions of watersl1eds that might meet the. criteria for 
.APCs. A complete <inventory of contaminated sediments in the United States has not as yet been 
established (USEP A 1997b ). It is also important to note that the time span- covered by -the 
database from which these 96 APC watersl1eds were developed was 1980 to 1993. An updated 
report that is in draft fonn (USEP A 2001 d) will provide new estimates for data up to and 
including 1999 as to;thenumber_and distribution·ofAPCs. · 

Through the Federal Insecticide, Fungicide,-_Rodenticide Act (FIFRA), EPA has the authority to 
ban onestrict the use of pesticides that have the 'potential to ·co~1taminate sediments if the risk.is 
judged to be·umeasonable. However, sediirlent toxicity has 'not been-a .part of routine test 
procedures and rislcassessments for pesticide registration, re-registration or special review, even 
though prevention is clearly a better strategy than remediation. ' 

Sediment has been functionally defined as all ofthe detrital, ·organic, and inorganic particles that 
settle to the bo~om qf a.,body of water. I:b. tnany se9-lm~ht ty-pes { de,po~iti.ona1 s~d~;tneht$);·_water 
is found betv,re~~the 'particles in the sediment and is tehneci interstiti~f bt p6rew~tei. tb.:rs: w'ater 
becomes very important ill consideration of toxicity of contaminated sediment. Power and 
Chapman et al. (1992) divide·sedm1ent into foitrmain compartments: int~rstitial water,·organie,· 
inorgm1ic, and anthropogenically derived materials, including contaminants and eroded topsoil. 
According to their clas~ification sch~me, thelargest volume is occupied by interstitia:lwater that 
may occupy over Sb% by volume of surfac'e sediments. The inorganic phase includes the rock 
andshell fragments and mineral grains that originate from natural erosion of terrestrial materials. 
Org~.nic matter is a variable, ·but sm~ll, fraction that occupies a low volume hqt is an important 
component because it can regulate the S~fPti.on and bioavailability of many contaminants. 

Sediment toxicity t~sts are utilized mi.1ch like \VET tests, but their focus is on evaluatll:lg ambient 
sediment conditions. Freshwater and uiaririe sec;liment testing protocols are described fully by 
the EPA (USEPA 1994d, 1994e, 2000d). T)le objectiye of sediment toxicity testing is to 
determine if chemicals in the sediment are h~rmful to~ or acc'umulated by, benthic orgarusms. 
Sediment toxicity te.sts. can be used to (1 )de~ennine the relationship between toxic effects and 
bioa:vailability; (2) investigate interac~ions among chenlicals, (3) compare the sensitivities of 
different organisms, {4) determine spatial ·andtemporal distribution of contamination,.{5) ... 
evaluate dredge material~ (6) measure toxicity as pa1t of product licensing or safety testing or 
chemical approval, (7) rank areas for cleanup, and (8) set cleanup goa~s and e~t~m,~te tP,e 
effectiveness of remediation or management practices (USEP A 2000d).fu' addit'lon to the 
methods in .EPA 2000d, .standard methods for assess41g the.toxicity of contamj.nants a~~~ciated 
w1th sediinents .have been developed using _am:phip'ods, lmdges, polycbaetes,, oligochaetes, 
mayflies, andcladocerans (ASTM 1999a, 1999b, ASTM 1999c; USEPA 1994~ _1994e; 
Environment Canada 1997a, 1997b): · . . · · 
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The sediment qualit:'l triad is an integrative approach for evaluating sediments (Chapman et al. 
1992). This process is defined as any three-component irltegrative assessment that includes 
sediment toxicity, S(·diment chemistry and some measure of in situ bioeffects (often benthic 
infaunal community structure). The sediment quality triad is based on a weight of evidence 
approach for determining impact. For example, if chemistry indicates a potential impact, and 
toxicity tests show adverse effects, then the weight of evidence-is strong that contaminants are 
impacting the sediment. Multiple toxicity tests on a variety of species do not substitute for other 
part of the triad, but do increase the strength of the toxicity leg. Detection of resident 
conmmnity alterations through bioassessments also reinforces the possibility of an impact. 

Often, when information is gathered for assessing impacts, a tiered approach is used. By starting 
with the least complex· and least expensive testing methodologies, a weight-of-evidence can be 
built over multiple" metrics. If the metrics of the triad prGvide mixed results, then additional 
info1mation may be needed to resolve the conflicts. However, some conclusions from mixed 
effect results can· guide. additional studies (Table 6-2). As with most assessments of 
environmental quality, the more quality information that is available, the greater is· the likelihood 

· that the assessment will be accurate. 

Table 6-2. Information Provided by Differential Triad Response 

Contamination Toxicity 
+ + 

+ 

+ 

+ + 

+ 

+ 

6. 7.3 Sediment Collection 

Alteration 
+ 

+ 

+ 

Possible Conclusions 
Strong evidence for pollution-induced degradation 

Strong evidence that there is no pollution-induced 
degradation 

Contaminants are not bioavailable 

Unmeasured chemicals or conditions exist with the, 
potential to cause degradation 

Alteration is not due to toxic chemicals 

Toxic chemicals are stressing the system 

Unmeasured toxic chemicals are causing 
degradation 

Chemicals are not bioavailable or alteration is not 
due to toxic chemicals 

Procedures for collecting, storing, and manipulating sediments for chemical and toxicological 
analyses are well documented (USEPA 2001d; ASTM 2000). The EPA test methods manual 
represents a compilatjon of information from governmental documents to peer-reviewed 
literature and is an important source of information regarding the sediment phase of th_e aqueous 
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enviromnent. ASTM has also published a guide for the collection, storage, characterization and 
manipulation ofse~iments for toxicological testing (ASTM 2000). 

The goal of any sediment sampling progran.1 shcmld be to collect sediment in a manner that 
produces minimally disturbed sediin.ent. The methods used to sample, trm1sport, handle, and 
store m1d manipulate sediments m1d interstitial waters can influence the physicochemical 
properties and ti1e resi1lts of chemica~, toxicity and hioaccumu1ation 'analyses (US EPA 2001 d). 
Many of ti1e m·eas covered in EPA's ·technical mmmal are subjects of active research pro grams 
and, while the inte11t of tile manual is to provide methodo'logies that tniniinize 'sampling.impact, 
fue authors recognize that methods m·elilcely to' evolve iind·fhat new addii:ipns dftlle tecl111ica1 
guidance willl'eflect those advahces. To keep pace with the changes vl.sit WWv'i'.epa.gov and 
search on sedimei1t sampling mid sediment testing. · 

There are many devices that have·been used to collect whole sediments. The choice of sainpling 
method is dependent to a large degree on what the san1ple i'~ t6 be used for: The EPA sedi11.1ent 
teclmicalli).anual (USEP A 2001 d) has a good discussion of the various collection methods and 
tbeir shengths and'weakliesses. Samp11ng sediments to detenhiiie.tlie:itverage·c8nc'entration·of 
ch~mical cbnt8.rii.inaiits can be problematic. F or-moil.itof.irig m~d assessment. stm;lie~, the upper 
1 0~:15: em of sediment is nortnally oollect~d because thi~ !s. tll~ areawliere 'ffiost offut( epibenthic 
arrcfbenthic organisms andth.e :rhost recently deposited 'sediriients are foiind. Th~ese samples can 
,be used for physical m1d chemical analyses, herifuic bci:ii:rthunitY ari~Iysis;·imdtox1City tests. In 
many instances, sub-samples of equal size from sediment san1ples cm1 eliminate or reduce the 
influence ofuriequal sized grab samples. ' ···"'" · ' 

Intet~titial water, or pore water, i~ the 'liquid cdntailiedwithin every seilimenfsaniple: This .. ,~ .. 
watdris may 'occupy up to 5b% byvolUii.le :ill si1t'alic1 depositional sedillients(SaidaandBurtpn 

. 1995 ~- USEP A. 2bo 1 d). Because: mtersHtial water is 'ill mtirilate contKct with. th~; seciiilient,. it is. 
assttfu.ea'to be in tlierilloayriarri1c equilibrium 'With oolitaihin,ants in the sedifrient;:and is generally 
to he coil.sl.d.ered the route of e~posurefor marry sedinlent contaminants.· In additim1,, · 
contamimints ·in interstitial water can'be trmisportedtd ovel'lying waters throu,gh diffusion; 

• ', . ' . 't•'r:t:- ·.,,. -: ' . ( ' 

bioturbation andre-suspension (Sarda anci."Burton 1995). . 

Interstitial water can be used to evaluate sediment toXicity with organisms that are normally used 
'in aq'i:lati~ ltoxicity'tests (Carr and Nipper 2003). To evahi~te intetititia1 :wkter it mustbe 
separ~ted from the sediment matrix. I(should be noted that extni.ction ~fmterstitial water can 
• ' ·;·,··: ••.. : ",.· . •.• , /' : ·, •. ·: •. :.-1'{_ ••.. ' '.· . 

alt,er,the' cherr,ustry offl;te,sampl.e (Sarda ~d Bu.rton1995). There ar~.~~:YI?.ral methods used to 
isolate .interstit~a) .water from sediment inch.1ding cent:rifllgation, pressu:dza:tion, or ~uction. In 
situ sampllhg devices for interstitial watei-liave a.lso been'used.' Tile mo~t COI1ID10l.11y'used 
methods m-e "peepers" and suction devices. Peepers m·e samplers that have a rigid body with 
openings covered .;,7ith permeable menibranes. ·P1l.or to deployment, the openings m·e filled with a 
medium consistent with sample objectives. The peeper is· then placed in the sedimenhnd the 
medium in the openings is allowed to come into equilibrium y.rith the .SUITOU1}din,g interstitial 
water. The equilibration time varies, but multiple-week exposures are not unusual (USEPA 
2001 d; Sarda and Burton 1995). These methods generally ptociluce smaller vo1umes ,of water 
(<500 mL) compared to centrifugation and pressurization and are often limited to shallower 
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water depths. A variety of peeper designs along with diffusion samplers, vapor diffusion 
samplers, and semi-permeable membrane devices are discussed on the EPA \Vebsite 
(http://clu-in.om:/pror:rams/1 1 ::c2/sedimei1t/). Regardless of the method of collection porewater 
samples should be processed a~. soon as possible after collection. 

6.7.4 Freshwater Sediment Test Organisms 

The EPA sediment test methods manual (USEP A 2000d) describes five methods for three 
organisms to measure the toxicity and bioaccumulation of contaminants from freshwater 
sediments. Two of the methods, one for the amphipod Hyalelfa azteca and one for the insect 
Chironomus tentans, measure survival and growth over a 10-day exposure period. One of the 
methods measures survival, grovvth and reproduction of H. azteca over a 42-day test, and one 
measures effects on C. ten tans over the life-cycle of the insect. A bioaccumulation test with 
Lumbriculus variegatus is also presented. 

Recently, sediment toxicity has been documented in urban waterways (Amweg et al. 2006) and 
agriculturaliy dominated waterways (\\Teston et aC2004). The reader is encouraged to consult 
these published studies prior to designing or reviewing sediment toxicity. Phillips et al. (2006) 
and Anderson et al. (2006) describe TIE procedmes for identification of the causes of toxicity in 
sediments from agriculturally dominated watersheds in California. 

6.7.5 Bioassessments 

Benthic infauna surveys can be accurate indicators of ecosystem health, and benthic surveys are 
frequently used as biocriteria to assess ecological integrity (Gibson et al. 200.0; Borja 2005). 
Benthic data can be evaluated against historical data, reference conditions, models and indices, 
and with consensus professional judgment. Although standard benthic evaluation tools exist, the 
interpretati.on of benthic data is often subjective and based on best professional judgment 
(SCCw'RP 2006). Moreover, because the presence ofresident biota is region-specific, 
interpretation ofbioassessment data must be based on the ecoregion. 

Rapid Bioassessment Protocols (RBPs) were developed for freshwater environments as 
inexpensive screening tools for determining if a stream was supporting its designated aquatic life 
use (Plafk.in et al. 1989). EPA guidance for marine.bioassessments is provided in Gibson et al. 
(2000), but there are also a number of published marine bioassessment studies (e.g. Thompson 
and Lo,ve 2004; Weisberg et al. 1997; Smith et al. 2001). As these protocols were applied and 

· modified, the areas· in which the protocols provided useful information expanded to include: 

• Charaderiziiig-th~ existence and seve1ity of impairment to the water resource 

• Helping to identify sources and causes of impairment 

o Evaluating the effectiveness of control actions and restoration activities 

• · Supporting use attainability studies and cumulative impact assessments 

• Characterizing regional biotic attributes ofrefererice conditions. 
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The revised RBPs have been adopted and modified by various states to meet their monitoring 
needs (Barbour et al. 1999). Once adapted to the characteristics of a state, consistent 
reproducible procedutes can be used to evaluate the status of a wadeable river or stream. One of 
the goals of the application of RBPs is to develop biocriteria that can be tailored to reflect the 
kind of biological system that should be found in waters that have a particular designated use 
(public water supply, for protection of fish, shellfish, and wildlife, an4 for recreational, 
agricultural, industrial, and navigational purposes). Once biocriteria are developed, a bios\.rrvey 
of a receiving system with a pmtic~la~· designa~~d use can be performed to det~nu,ine if that 
system meets the requirements for that designated use. There are only a few plflces in the country 
that have developed biocriteria. · · 

Implementing biocriteria ~California is the responsibilicy oftlJ.e State.~Water~esources Control 
Board and the Regional Water Quality Control Boards. In California, there is not one single 
entity responsible for developing statewide bioassessment protocols. As a consequence, five 
candidate programs exist in California that could provid.e the framework for tp.e implement.ation 
of,~t?tt~wide bioassessment me¢.ods (SWRCB .2003). Bioassessp:1ents .hav.e'been co;nducted at 
over 3000 sites in California by a variety of agencies. ~he California De;partn1ent of Fiql,l and 
Game (CDFG) bioassessment methodology has been used the most, with over 2500 sites 
sampled (SNVRCB 2003). The m<Drerecent org~ization ofCalifornia~s Surface Water Ambient 
Monitoring Program .(SWAJM£Pj sholiild pro'Yide the impetus to implement whetter·organizedand 
standardized biological and assessment program (SWRCB 2003). · 

The· California DFG is a leader m establishing taxonomic standards for· statewide ·hioassessment 
efforts, an immense undertaking, given the size and diversity of ecoregions,mDalifornia. Th~ 
CABW was .established as a forum for researchers, agency personnelamipiivateconsultants ,,. 
working in the field of freshwater biology. In. 1995 the California Aquatic Macroinvertebrat~ 
Laboratory N etl.vork {CAMLnet"http :/ /www.dfg:.oa .. gov/:cabw/camlnetste;p@ Worlcgroup wa~~ 
started to develop consistent, sOU:rid niethodologicalapj:n'o'aclieSlo aquatic 'bioass~ssmerit, 'to. 
provide mentoring and support, and to facilitate communication by promoting discussion of 
fmdings and bioassessmentprograms. . . · · 

llJ.l999, C.AMLnet produced the first e9,ition oft1J.e CAlv.JLnet List of StandatdTaxonomic 
Effort (LSTE). This.docum~ntdefinesihe basic level oftaxo116niiC resolution to be usedby all 
CSBP data analyses. To conform to the CSBP stanqard effort l~vels, taxa may be identified to 
more, but not less precise, lev~ls than those listed ill the LSTE. The latestver.sion (2003) of the 
list' can be found at www .. dfg.ca:gov/Cabw/camlnetste.pdf. These protocols :qi the ~ssentials of 
the wadeable protocol to these specialized habitats. . . 

An in1portant and difficult step that is being pursued is the establishment ofreference conditions 
for each of the types ofwaterbodies. The reference sites are, iiJ. theory, pristine sites far that 
waterbody type. Once the bioassessments of the reference conditions are in place, all streams of 
the saute physical attributes (e.g., wadeable steams in a pmticular hydrologic unit) should have 
conditions equal to the reference site's conditions. In practice, it is difficult to find pristine sites 
for any given waterbody type, so the use of "least impacted" sites are often used instead. 
Regardless ofthe final choice ofbioa.ssessment protocols chosen for use, theywill·become an 
important tool in the arsenal of tools water quality managers have.at theirdisposal. 
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CHAPTER 7. ENFORCEMENT PROCEDURES FOR WET 

7.1 Overview 

The following discussion provides guidance on determining appropriate enforcement responses 
to violations of \VET limits and conditions. This guidance incorporates the two main goals of 
EPA's NPDES compliance and enforcement program which are (1) to compel or require the 
permittee to expeditiously achieve and maintain compliance; and (2) to serve as a deterrent. 

7.2 Background · 

CWA Section 309(a) states that any violation of a permit condition or limitation is subject to 
enforcement. Through EPA's 1989 national NPDES enforcement guidance, Enforcement 
Man·agernent System (EMS) guidance, the EPA Regional or State enforcement authority is 
encouraged to initiate an appropriate enforcement response to all permit violations. EPA's 
.overall approach to enforcement applies to all parameters, including \VET. Once a facility has 
been identified as having an apparent permit violation(s), the Permitting Authority reviews all 
available data on the seriousness of the violation, the compliance history of the facility, and other 
relevant facts to determine whether to initiate an enforcement action and the type of action that is 
appropriate. The EMS recommends an escalating response to continuing violations of.any 
parameter. Regions 9 and lO's. enforcement follows the EMS. 

In a joint memorandum issued by EPA Headqua1iers Office of Regulatory Enforcement and 
Office of Wastewater Management (USEPA 1995b), EPA clarified National policy with regard 
to the t\:vo most common issues raised by the regulated community involving the enforcement of 
WET requirements in NPDES permits: 1) single exceedance ofWET limits, and 2) inconclusive 
toxicity reduction evaluations (TREs). 

EPA does not recommend that the initial response to a single exceedance of a WET limit, 
causing no lmovh1 hann, be a formal enforcement action with a civil penalty. The regulated 
community has expressed concern about the potential for third party lawsuits for single 
exceedance of'WET. Citizens cannot sue a permittee on the basis of a-single violation of a 
permit limit. Under section 505(a) of the CWA, citizens are allowed. to take a civil action 
against anyone who is alleged to "be in violation" of any standard or limit under the C\Xl A In 
Gwaltney of Smithfield. Ltd., v: Chesapeake Bay Foundation, Itic., 484 U.S. 49, 1008 S.Ct. 376, 
98 L.Ed.2d 306 (1987), the Supreme Court held that the most natural reading of "to be in 
violation" is "a requirement that citizen-plaintiffs allege a state of either continuous or 
intern1ittent violation--that is, a likelihood that a past polluter will continue to pollute in the 
future." A State may have its own enforcement policy which may be more stringent. 

In the case of inconclusive TREs, EPA recommends that solutions in these cases be pursued . 
jointly with expertise from EPA ancllor the States as well as the permittee. Solutions may 
involve special technical evaluation, as well as relief of civil penalties. The primary corrective 
action required for violations of '0lET limits is compl~tion of a TRE, including, if necessary, a 
TIE. This requirement is incorporated into the Regions' 1\TPDES pem1its. The permit language 
addressed in this document contains provisions requiring the permittee to: implement the generic 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION IX 

75 Hawthorne Street 
San Francisco, CA 94105 

September 13, 2007 

Principal Scientist, Toxicology Department 
Southern California Coastal Water Research Project 
3535 Harbor Blvd., Suite 110 
Costa Mesa, CA 92626-143 7 
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Subject: SMBRC Technical Memorandum on Toxicity Testing of Wet and Dry Weather 
Runoff draft dated August 17, 2007 

Dear Steven, 

I appreciate the opportunity to review and connnent on the Technical memorandm1,1 9n toxicity 
testing of wet and .dry weather runoff draft dated August 17, 2007. As we initially discussed on 
the phone, I suggest that the document have a teclmical tone only with no policy implications. 
Therefore, when the docmnent states the objective of this memorandum is to provide guidance, it 
should be re-state the document is providing technical input to the LA Regional Water Resomces 
Control Board for use in developing MS4 permit toxicity monitoring and reporting requirements. 

I am enclosi~g yom document with track changes and these additional connnents and discussion. 
Storm events are episodic, and depending on lmid use, a vm·iety of contm11inants can be present 

in the rm1off Receiving waters m·e similm·ly dynm11ic depending on inputs from point and non
point somces. Because of their inherent differences from effluents, toxicity testing of stonnwater 
m1d receiving water have some specific method considerations. Areas which need to be 
considered differently for stormwater or ambient testing than the effluent testing program 
include: (1) sm11pling 1ocation and sample type, (2) sample containers, (3) sample initiation test, 
(4) ~mnple renewals, and (5) experimental test design- single vs. multiple concentration testing 
(Denton et al. 2007 and Denton m1d Nm·vaez 1996). I cm1 provide the chapter within this 
docmnent titled "Ambient toxicity testing m1d watershed assessment, and the pertinent frequently 
asked questions regarding st01mwater m1d ambient toxicit-y testing. 

In addition, issues such as timing of sample collection to flow and smnple renewals should be 
discussed in the document. Tal(en from Denton et al., 2007, "As the timing of sample collecti.on 
to a flow measmement important. A measmement of flow should coincide with the collection of 
stonnwater samples for WET testing. This typically entails measming flow discharge from the 
site, in addition to the mnount of rainfall causing the discharge event. It is important to establish 



when sampling occurred relative to the streamflow hydrograph (and subsequent chemograph) 
(Ward and Elliot 1995). Scientists must consider the magnitude of a toxic response in relation to 
flow of receiving waters when making chemical or toxicity assessments of receiving or 
stormwaters in the regulatory arena (permitting and TMDL development) and when developing 
study designs. Therefore, if assessment and qua~tification of the mass loadings are of interest, 
then concurrent flow measurements from a US Geological Smvey gauging station located near 
the point of interest and within the same watershed should be collected (USGS 1999, 2000). 
Measurement of flow concurrent with sample collection should be considered if a nearby and 
representative gauging ste1;tion is not available." Additionally, how is the standard test renewal 
practices specified in the test method manuals followed, given that storm events may be of short 
duration? The EPA 5th edition acute test methods (USEP A 2002a) specify that test solutions be 
renewed after 48 hours for a 96-hom test. However, for storm events in short duration, this is not 
always feasible. A more realistic option, in cases when a second stormwater sample may not be 
available, would be to renew the test solutions with a mixture of ambient waters and storm waters 
if such waters could be collected following test initiation while meeting WET test holding time 
specifications (Katznelson and Mumley 1997). Another option would be to collect sufficient 
volume during the storm event to use for the start of the test and at the 48-hour renewal". 

Any questions call me at (916) 341-5520 or email at denton.debra@epa.!WV. 

Sincerely, 

Debra L. Dei1tori, PhD 
Environmental Scientist 

cc: Emily Reyes, State Water Resources Control Board 
Teny Fleming, USEP A Region 9 . 
Xavier Swamikannu, LA Regional Water Quality Control Board 
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SMBRC Technical Memorandum on Toxicity Testing of Wet and Dry 
Weather Runoff 

Draft August 17, 2007 

Background 

Toxicity testing of urban runoff toxicity in southern California has been 
incorporated into monitoring programs relatively recently; most monitoring 
programs have been in place for less than 1 0 years. (This needs to be restated to 
reflect tl1e fact that monitorim! programs have been in existences for the past 2 

. decades). There is still much to be learned regarding the magnitude, 
characteristics, and causes of toxicity in wet and dry weather runoff. A diversity 
of methods and study designs are cmre11tly used in toxicity monitoring programs,,_. 

The primary objectives of toxicity monitoring for urban runoff are similar to those 
for other types of discharges, such as municipal wastewaters: to describe the 

·Co;i~t~d;··:······················--······-·· ·--·········-- ·····l 
· · · f Deleted: which complicates tht: 1 

l..:~~~-~J:.:~~~-~-~-~~:~:-~---~~~::~.:-~:.:~-~-~~-~~~~-=-~~:~:_.J 

magnitude and freguencv bftoxicity within watersheds and to determine the cause . ...- Co;i;;d~-b~~~-~-;;;··;;;{i~~~~;---·················--··--) 
of toxicity. These monitoring programs may-aiso-have-sec-oi-ictary-objectives:·suci-i--· 
as determining the sources of pollutants and to implement pest management . -... ro-;ieted: ~~:,-;;;,;l;~;;;~u;-;~·ffectiv-;,~;1 
programs (BMPs). ··--·---·----- ---------·-----····-·· l of . 

Toxicity tests provide unique information that complements chemical analysis 
and other monitoring methods. Measurements of toxicity integrate the combined 
effect of all contaminants in a sample, including priorrty pollutants and 
contaminants of emerging concern. Because they use a biological response, 
toxicity tests take into account various factors that can affect the bioavailability 
and potency of contaminants, such as changes in water hardness, suspended 
particles, and interactions among contaminant mixtures. Toxicity tests often use 
exposure conditions and types of organisms likely to be encountered in the 
environment and thus provide an ecologically relevant measure of the biological 
impact of runoff discharge on receiving water. These characteristics make 
toxicity data especially relevant for prioritizing sites for management action and 
evaluating the effectiveness ofBMPs. 

Toxicity tests have several limitations that affect their utility for monitoring 
purposes. First, a diversity of species are used for testing, each with potentially 
different -P.~.J?.~-~~i_-yj~j~~. ~?. -~~~~t_<l;!~il!_<l:~~~: _ -~~-~9:.l:l_s_~ _ !?.~_i_~gy _i_~. ~-~fi!~~-~ _ ?.P.C!~~~~ '?!~9:.~lX . _ . . · ~~;t;ct·;·(~-~d·;;~;i-;;i-;;;;;~;-~;;~;;;)-·-···--] 
as an adverse response in an organism and there is no standard reference material 
for toxicity, it is difficult to compare results between species Cwlmt is the meaning 
of this sentence?, there is no need for a standard reference material for toxicitv). 
Second, the toxicity of a sample may change over a relatively short period of 
storage. As a result, toxicity tests must be completed rapidly and there is little 
oppmtunity to repeat the analysis in order to correct a technical problem. Finally, 
toxicity tests do not usually indicate the cause of toxicity and J.<?~j~}!Y. ..................... ..- ·{Deicl"~d:-. Additional 

identification evaluation (TIE§) are needed ,t~-~-~-~-<?~~1!-~!~~.!~-~~-~~~~:fy-~~~--- ........... ..--1 Deleted: experimentsmtist 



cause@ __ (I_ s_L!gg_t:S! _ th~~- !!!i ~-R~J:ag~?P!! -~~- _b~ -~-~~ e~.e~ __ <!?.it_ j~_!!~~~ _gc.:~-~~~~'!!e t_o _the 
!Qpic). 

Discharges of storm water and dry weather runoff are ,clif[e!:e~1t _fr~I_n ,E~_IY~!!~~~9.LJS)}l!hY, . 
effluent discharges and therefore different QR.plications of the test m9thods need to be 
considered J.l;lld f!iscussed within thj1;_document. £.m:J.!Jnuous ~ffluent discharges are 
present year~i:oi.ti:iCi,' i.-eial}veiy' ccit1si'sie'I1i' r,:cii:i-i 'Ciay tci' day:-aiiC!-Ol;lgii1ate 'fi·oi:ii a il·eaii-ilent 
plant that provides convenient access for sampling. Runoff discharges differ in that the 
flow characteristics and composition are unpredictable and highly vru·iable. Access to 
safe and representative runoff sampling points may be limited, requiring the location of 
sampling sites in areas that do not allow_~~~~-~~~~-<?f~<?J?!~\~~~~c_tt~~-~'!-~~~p-~i_I]_g_~~1-~~!19_d~ <?1' ar~ 
not representative of the entire watershed. There is ·some ,g_t)~~~-~?~~- ~Y.'!-!!~~~~ t<?_ ~S?i~~. 
with the design of runoff monitoring programs, especially with regard to toxicity 
assessment (Denton et al., 2007: Bmton and Pitt 2001 ). Areas which need to be 
considered clifferently for stormwater or ambient testing than the efiluent testing program 
include: (1) sampling location and sample tvpe. (2) sample containers. (3) sample 
initiation test, (4) sample renewa1s, ru1cl (5) ewerlmental test design (single vs. multiple 
concentration testing). 
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The objective ofthis memorandum is to provide technical input~~-~1_1_~ ~~-----· Co~i;;h;d:::i;i;;;;~~--,-------------- ..... ) 
RWQCB for use in developing MS4 pennit toxicity monitoring and repmting 
requirements. This guidance is intended for application to sites used to 
characterize runoff mass emissions from a watershed into marine/estuarine 
waters. Some aspects of this· guidance may not be appropriate for other types of 
monitoring sites, such as inland water bodies that do not discharge directly into 
coastal waters. Information and guidru1ce on key aspects of study design, testing, 
data interpretation, and toxicity identification are presented. This guidance·takes 
the form of recommendations, rather than absolute requirements, in recognition of 
the diverse situations that may be encountered in a monitoring program. The 
authors encourage the user to follow this technical inpu~-~<?. ~!~~- ~~-~~!~~.P.C?~-~~~-~~1 -~~ __ ..•.. - (ieleted: guidnuce _________ ] 
that greater comparability and success of toxicity monitoring can be obtained. 

This memo was developed by the Technical Advisory Committee of the Santa 
Monica Bay Restoration Commission through consultation with the following 
agencies: 

Sanitation Districts of Los Angeles County 
:~ri~~§ilti~\~F~r~1W£~~ms¥Zn~1~~si~~g~~i~9J1\t9.:Jm~111~2;r~~!:rJuf1~~i~~.m~n 

2 



----, 
\ 

Sampling/Study Design Considerations 

Study Design 
• Test site locations should be determined on a site-specific basis. At least one 

site .should be included in each watershed of interest and this site should 
represent a location as close to the bottom of the watershed as feasible (e.g., 
mass emission station). 

• The number of sites should be determined for each monitoring program based 
on considerations sucb as the objectives of the study, watershed 
characteristics, and accessibility of sampling locations. 

Multiple concentrations should be tested so that the relative toxicity of the sample can be • · · ··· · ·t!..?.E~~~:-~=.~~I.I:!:s. .. a.~-~-~.~~~~i.~@ . ..J 
determined with the greatest accuracy. A minimum of three concentrations should be 
tested: 100%, 50%, and 25%. Additional concentrations may be included that are based 
on a 0.5x series. At a minimum, replicates of each concentration should be tested as 
specified for the specific test method. (1 suggest looking at Denton el aL 2007. "lnitiallv. 
samples are tested at without dilution such as l 00'>0 concentraTion. The test endpoint data 
is analyzed using a standard t-test approach as described in the test methods manual (see 
USEPA 2002a. page 86). Manv sampling plans specifv that ift:oxicitv is detected. the 
site shall be re-sampled and retested using a dilution series to determine tbe dL1ration. 
frequency and magnitude ofthe toxicitv. Toxic samples should immediately be subjected 
to TIE procedures to attempt to identi:fv the toxic chemical.(s)". 

• Salinity of the test samples should be adjusted as needed to eliminate salinity 
stress on marine test organisms if marine organism testing is conducted. 
Adjustments should be made using hypersaline brine or concentrated s·ea salts 
in order to minimize sample dilution. The dilution created by salinity 
adjustment should be incll!ded when rep01ting the concentration ofthe sample 
tested, · 

Manipulation of the sample prior to testing, such as the removal of pa1ticulates, should be 
conducted .only as a last resort and using the most minimally invasive method . 

. available. These manipulations should be done in the testing laboratory, rather than 
in the field. According to Section 9.1.2 of the acute test methods manual. CUS.EPA 
2002a). filtering the .sample through a 60 um mesh is onlv a requirement when the 
sample contains indigenous organisms that will i11terfere with the test. :For example. 
som.e predatorv invertebrates could eat the test organisms. If these interfering 
organisms are not present the sample does not have to be filtered. 

Frequency and Timing 
• Dry and wet weather events should be sampled from each watershed because 

different sources and magnitudes of toxicity may be present. A subsample of 
every toxicity sample should be analyzed for all of the chemica] analytes 
specified in the permit. · 

Wet weather samples 
• Two wet weather (storm) events should be sampled per year. The first sample 

should represent the first storm of the season that meets the san1pling critical 
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criteria. The second storm sample should be collected at least 30 days after 
the first, but generally no later than February. (I'm not sure that vou want to 
be so prescriptive thai another sample can't be collected within 30 davs of the 
Jirst event). 

• Criteria for triggering wet weather sampling and criteria for sample 
acceptance should be defined in the permit. Suggested sampling criteria are: a 
predicted 0.25" of precipitation & 72 hr antecedent to the previous rainfall. 
Suggested seymple acceptance criteria are: at least ·o. 1" recorded precipitation 
and at least 50% increase in flow relative to base flow. The precipitation 
criterion is intended to maximize success in obtaining sufficient sample for 
testing. However, the sample should not be discarded as unacceptable solely· 
on the basis of a lower than predicted precipitation. Greater importance 
should be placed on obtaining a sample during the desired time frrui1e 
(especially the first storm of year) .. If sufficient sample was collected and it 
represents primarily wet weather runoff, it should be tested. Note that greater 
than 0.1" of rainfall will typically be needed in less developed watersheds in 
order to provide adequate wet weather runoff. 

Dry weather samples 
• One dry weather sample should be tested per year, generally sampled April

October (or when dry weather flow is present). 
• The suggested critical conditions for dry weather sample collection are: at 

least 14 days antecedent to the previous rainfall and sufficient flow to permit 
collection of a representative sample. 

Sample Type and Handling 
• A composite sample, matched with a chemistry sample ofidentical 

composition, should be collected. Compositing methods may vru·y due to site 
and weather considerations, but should produce a sample that is representative 
of the discharge during the sampling period. Flow-weighted compositing 
should be used for wet weather samples. Dry weather composite samples 
should represent a 24 hour period and be either time- or flow-weighted. Need 
to include a discussion on the utilitv of grab samples should be considered for 
stormwater toxicitv testing as sampling logistics mav not lend themselves to 
composite sampling. 

• Volume needed is determined by specific test methods to be used. Generally, 
up to 5 gallons may be needed for baseline testing, with up to an additional 5 
gallons for TIE studies. 

• Glass containers should be used for both sample collection ru1d storage. 
Plastic containers may accelerate changes in toxicity due to sorption and loss. 
Samples should be sealed with a minimum of head space and stored in the 
dark. 

Srunples must be stored on ice or under refi:igeration ( 4 °C) between the end of sampling ~ · · · · · f'F;;-;;;:;;t:te'd-: Indent-Le'ft:O;;;---J 

an t e strut o · 1e test. . 11s nee s to e c.1ange tore· ect t. e sarnp .e temperatnre numbering, Keep wltll next, Tabs: d h ftl Tl · d b 1 d f1 h ] 1· Hanging: 0.25", No bullets or 

range that is specified in the test methods manual, according to the test method --~~~~~----------
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manuals the storage and s.hippim'. t.emperature of samples is in the ran!le of 0-6 degree 
C CUSEJlA 2002a. ?002b. 2002c). 

Baseline toxicity tests should be started with 36 h of the end of sample collection. Tests 
stmied within 72h are acceptable for wet weather samples, but must be flagged and 
the reason for delay explained. These storage limits do not apply to TIE studies, but 
an effort should be made to conduct the TIEs as quickly as possible in order to 
minimize changes in toxicity.J'bis paraw:11ph needs to be revis~:<cl to re"l1ect this 
information. All tests should be conducted as soon as possible following samgl~:< 
collection. EPA has allowed exceptions to the 36-hour holding time. fclr example. 
when eff1uents are shipped overseas for testing (Denton and Narvaez "1996). The 
primary reason for an extension of the holding time would be the consideration ofthe 
sampling. laboratorv technician safety (Burton and "Pitt 2001: see page 255). and J. · 
ogistics of coordinating coJJection and transport of multiple stormwater samples 
\Vithin a short period of time. Stonn events are no1 pre-determined events and 
tvpicallv occur rapidlv throue.hout a watershed: therefore. ma:nv site samples must be 
coordinated and processed with short nobfication to the toxicitv testing laboratories. 
lt is encouraged that the 36-hour holding time for test initiation be targeted: however. 
the Permitting Authorities mav allow an exception bevond the 36-hours. However. 
no more than 7'"! hours should elapse before initial use of a sample. 

Toxicity Test Methods 
Test method selection 

• The selection of toxicity test species and methods should take into consideration 
several factors: comparability with other programs, sensitivity to contaminants of 

concern, J.SJg~~~i~~ _ :.Y!~.l~- r~~pect _tSl_ tl~~- !~~~~i_t_?T_i!!-g p:r:?_g!"_al~J de_~jgn,_~.C:?l_qgj~_al_ . _. 
relevance has been d-iscussed. addressed and not germane to technical input on 
metho"clologv applications to wet and drv \Neather stormwater·testing (USEPA 
1999). ·Each of these factors is discussed in the following sections. 

• Full comparability with other programs can only be achieved tlu·ough the use of 
· the same test species. It is recommended that a widely used and sensitive test 

~--·-···-·-·-·····---·-· ............. _, ____ ,,, .......... ,_, _________ ,.,, ........... , 
1 Deleted: feasibility J 
·~ ···············-····················································· .... ·····-····· . 

t .. ~.=~-=~=~.: .. : ... ~l-~:~-==-~~-~¥-~.:-~.~---~:=~-=~~-~-~~.:: ............. .J 

methqd such as the,(~~·i_C?~£1E.~~iq __ q~~-~q}A~X-~~y_i_y~~-~~~!.~P.~-~~u-~~jSJ_I~-~~~U>~------- ___ .--! Deleted: 
used to test all samples. If so. then document needs to address how to handle the 
second and third renewals within this seven-day test (see cover letter). 

• No single test can provide a sensitive measure of toxicity for the variety of runoff 
samples likely to be encountered. A minimum of two sensitive species should be 
used to test each sample in order to address uncertainties in sample toxicant 
composition and test method sensitivity. It is recommended that one test species 
be a crustacean and the other test species include a sensitive invertebrate :fi·om a 
different phylum (e.g., mollusc or echinoderm:). Prior experience has shown that 
fish and algae are relatively less sensitive to most runoff samples; use of these 
taxa should be limited to monitoring programs where site-specific concerns 
indicate that fish .or algae are prefened test organisms. 

• The selection oftest species can usually be based on prior data for similar sites 
and consideration of other factors. Screening tests with several species should be 
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conducted to inform test method selection for sites where there is insufficient 
information available to guide test selection. 

• The feasibility (J suggest usin!!. a different word than ''feasibility" has to do more 
with "logistics") of toxicity tests is determined by factors such as sample volume 
requirements, organism availability¥. _Te_s~s havi~1g_ tl1e gr~atest f(!as_ib@>' are 
those using invertebrates, especially those using Ceriodaphnia, reel abalone, anci 
mussels. 

• TTa_bl~. 1 -~-~~l)~~~a!·J~~-~ .~he )c.f!y c)~ELn~~te!·isti9s -~11cl. !·.e~_911~mend~L~i~~1s .r~.g~rcling some_ 
ofthe more commonly used runoff toxicity test species. 

QA!QC 

• Required elements to be evaluated in each test batch include acceptable tes·t 

fi.CceJlli!bilitv criteria CTAC),._J:,C;).y_j_~~Y .. '?,[:y~~i-~1?5!~-~~-~~-~~-~!U.m::i:lJ:~x~M~P.l., .. _ ........ . 
perforn}ance of reference toxicm1t, §laJil]jy controls (ifneeded)._ancl water CJlli!liD~ 
,measurements such as .salinity, hardness, gissol ved oxygen,_ and pH, water g_uality 

Deleted: <fi .. -Thc ccolo~l~allcl~vnHcc 
of vm·jous toxicity tests methods is n 
controvuminl subjectnud dillicullto 
define. All of the tests represented by 
slnndnrd EPA guidnncc nrc considered to 
hnvc sufficient ccologicnl rclcvnncc to 
nsscss the toxicity or cfllucnts and 
receiving wutcr. However, the ecologicul 
relevance of the tust methods selected for 
n monilorins progrmn cau be cnhnnced 
by matching the test conditions und 
.species to those likely to be present in the 
receiving wntcr. TilliS, the usc of species 
(or closely relntcd taxu) occurdug in 

within acceptable mell1()(~i:~i~g~~~:~~):4:~~iii.Pk~!~~::~~li.¥~ll~~]:Ji~~(s\}}~i.({J~~i-.:· .. - .. 
Response to a QA exceedance should be contingent upon nature of failure, \~ · • 

southem Culifornin nre preferred. In 
uddition the salinity of the receiving 
wuters sbould nlso be considered Both 

potential impact on data, and prospects for repeated testing. Some exceedances mm·inc nnd fresl1wuter species nrc 
rclevunt choices for t~sting nmolf will render data invalid, others may prompt a QA flag but still be sufficient to 

evaluate monitoring objectives. (see section on QA/QC within the testing 
manuals) 

'1· samples from typical coaStal muss 
::,·, .: emission stations, where the nmoff is 

• The lack of ability to repeat wet weather toxicity tests should be considered in 
judging data acceptability. In general, a QA exceedance that is likely to result in 
a failure of the test to detect the presence of toxicity should be considered a test 
failure and invalid data. 

Data analysis and interpretation 
• For the purposes of this program, any sample exhibiting effects relative to the 

control in excess of the minimum pMSD value specified in the permit should 
be identified as being toxic. Samples exhibiting effects less than the pMSD 
should be identified as being nontoxic. (I suggest rewriting this -to accurateJv 
retlect chapter 10 from the testing manuals). The pMSD value should be 
based upon a species-specific statistical mmlysis oftest data. Sources for 

.P.TY!~P.. :y~l_l:l_e::~. ~~~~~::~~-~~ ~:-. ;_~~~- !l)~t.l!.c!~~-~-l!.~!!~~J _ ~~~- ~~~R~~!: -~~:_'I.<:~!_ r~~~~i.~~~ .. -· . 
and Report Preparation) is the specif-y the review of within-test variab"iJitv 
PMSD's and the lower and upper boru1ds CUSEPA 2002b. 2002c, USEPA 
1995). 

• Statistical analysis methods should be consistent with EPA test .method 

·manuals/._~-!~~J~~--~S!~l-~-~:-~-~5!?:~"'}9.02~_.}~~-~2:. ......................................... . 
• Toxicity results should be repmted in the following formats: mean response 

(e.g., growth rate), coni.Tol adjusted response(% o(control), statistical 
significance of response relative to the control, NOEC. PMSD, and 
EC25/IC25. Comparisons of the magnitude of toxicity between samples 
should be based either on the control adjusted response at a specific test 
concentration (e.g., 100% nmoff) or a point estimate of effect (EC25/IC25). 
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"'------·------· ··· ····-roxicity Jderitificatic)ri E\i~iiliations 
The purpose of toxicity identification evaluations (TIEs) is to determine the principal 
cause(s) of the toxicity in a particular sample. The purpose of a toxicity reduction 
evaluation (TRE) is to determi11e the principal cause(s) of the toxicity and reduce the 
identified toxicity-causing constituent(s) to non:toxic levels. While TIE guidance is 
available it must be recognized that a TIE should be flexible, in order to adapt to 
unexpected events or to preliminary results. Stormwater and dry weather runoff TIEs 
present a challenge because the available sample volume is often limited and additional 
sample collection may not be possible or no longer representative of the conditions 
observed in the original sample. For these reasons, some TIEs may be unsuccessful due 
to the lack of toxicity or inability to conduct some analyses. Such events should be 
anticipated by both the regulator and permitee and do not necessarily indicate a failure to 
comply with the monitoring program requirements. 

Triggers 
o Any sample exhibiting an effect greater than 50% relative to the control 

during baseline testing should be immediately tested using phase 1 TIE 
procedures. A sample tTie:ger is a policv decision and should be decided bv 
the regional water gualitv control board. 

• Phase 1 TIE procedures should be conducted concurrently with initial baseline 
testing if prior testing indicated the presence of toxicity that is lost during 
sample storage. 

• TIE testing should be considered for a sample if effects exceeding the 
minimum pMSD but.below 50% are observed consistently. 

• If a trigger is exceeded at multiple locations, at a mini1num, the TIE should be 
conducted on the sample exhibiting the largest magnitude of effect. 
Additional p1'ioritization of sites for TIE analysis should be established by the 
regulatory agency, in collaboration with the permittee. 

Methods 

!"ii~i~t~-ci~-+i;~NoEcd~;;·~~;·~~-~~i:i~-····1 
/ an 'Jccmate measun: of sample toxicity.,! 
!.11 
;.""'"'"•""""'""'""'''""""'"~'"'""""'"'""''"'""''~""'"'""'""'''""'"'""''""'"'~ 
j Formatted: Indent: Left: 0.5'' _j 

• The TIE should be .conducted on ~-~P.~-~t~_~, __ g~J?.-~!?:PY.~~-Il~~~~!~?:~iJ:t-~~-!~~?-~~. n. __ ,.- .·--\ Delete~=: =a S=UJ=gl=e =,===· =· ==<· 
sen:i~ve J:?.:4.C:~~Y. !.~~P.~~S,~--~!-~-~_i~-~: __ :fi~~~Y-~!:.~:gf.;(~)J!!?:~·-~~~-.C:~l!!.~~~~-~.9:_0!\~~. _____ :- :::- t=D=:~~:=.~:-.~=:·-~'=·=·=-=====··· =· =···""'l] 
add1t10nal test spec1es w1th the caveat that once the toxicant( s) has been 1.dent1fi ed · ·.l Deleted: one showing 

then the most sensitive test species tri2e:ering the TJ.E event needs to be tested -· { D~i~t~ct: su·ongest "j 
additionallv to veriJv that the toxicant has been identified and addressed. ''---'-___ .:::...._ ____ _ 

• EPA guidance should be followed in conduCting the TIE. The specific methods to 
be used vary depending on whether the species is marine or freshwater. · 

• The minimum methods (Phase I) to be applied to each TIE sample must include: 
1) particle removal, 2) metal chelation by EDTA, 3) organics removal by SPE 
column, 4) assessment of confounding factors (a1mnonia, hardness, pH), and 5) 
baseline toxicity measurement. A suggested initial TIE study design is described 
in Appendix 1. 

• Additional TIE methods are contingent upon the nature of the Phase I TIE results. 
A study plan for these methods should be developed by the analytical lab and 
approved by monitoring program coordinator before sampling begins. 
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• Sample storage time criteria for toxicity characterization shall not apply for TIEs, 
but the samples should still be stored in glass containers and under refrigeration. 

Interpretation 
• A completed TIE sample is one that has been tested, at minimum, following the 

specified phase 1 manipi.1lations. ln addition, an initial TIE of a sample is 
considered complete if the sample no longer exhibits toxicity during subsequent 
testing. 

• TIE testing should continue as often as a trigger is exceeded in order to determine 
the variability in the type of toxic constituents. lf after multiple TIEs, a consistent 
pattern of toxicity (TIE fingerprint) is observed, the phase 1 manipulations could 
be streamlined to focus on the suspected constituent(s). 

Recommendations for Future Investigations 
The guidance described here is limited to selected aspects of toxicity testing. Additional 
guidance and data are needed to address other issues related to the evaluation of the toxic 
impacts of storm water. Following are several areas recommended for further 
investigation. 

• Comprehensive multi-species screening studies. There is limited information 
available to evaluate the comparative sensitivity to runoff for some of the species 
listed in Table I. A study is needed to address this data gap, which would provide 
better information on which to base test species recommendations. lt is suggested 
that stormwater management agencies work together to screen several runoff 
samples using all of the Tier 1 & 2 species listed.in Table 1. 

• Develop guidance for evaluating impacts of runoff on sediment toxicity. The 
use of sediment toxicity testing to evaluate runoff impacts is highly variable 
among southern California agencies. Guidance similar to that described here 
should.be developed to address monitoring for sediment toxicity. 

• Investigate links to receiving water impacts. Runoff toxiCity tests are 
conducted under controlled conditions, use a very limited number of test 'species, 
and often utilize worst-case asstmlptions that might not correspond to exposure 
conditions in the field. Little is known about how well these laboratory tests 
correspond to actual receiving water impacts. Additional studies are needed to 
examine the correspondence between laboratory toxicity tests of runoff and 
impacts on populations and communities in the receiving environment. Such 

·studies could be incorporated into regional watershed monitoring programs that 
are currently under development. 
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Table 1 Ch·u .. lctcristics of toxicity tests r·clativc to usc in runoff monitorina ' .. 
Species/Name Endpoint Duration Use Sensitivit/ Availability Volume Method H. 

(days) Difficulty' 
Ceriodaphnia Survival/Repro. 7 Common High All High Moderate F 
dubia (daphnid) 
Holmesimysis Survival/Growth 7 Rare Moderate? Limited Moderate Moderate N 
costata (mysid) 
Americamysis Survivai/G/rowth 7 Some Moderate All Moderate Moderate N 
bahia (mvsid) 
Hyal/ela azteca Survival 4 Some Moderate All Moderate Low F 
(amehieod) 
Red abalone Embryo Develop. 2 Rare High? All Low Low ·N 
Mussel Embryo Develop. 2 Rare High? All Low Low N 
Purple sea urchin Fertilization 1 Common High Most Low Moderate N 
Purple sea urchin Embrvo Develop. 3 Rare Hioh? Most Low Low N 
Green alga Growth 4 Some Low All Moderate Moderate F 
Giant kelp Growth 2 Rare Low? Limited Moderate Moderate N 
Fathead minnow Survival/Growth 7 Common Low All ' High Moderate F 
Topsmelt Survival/Growth 7 Rare Low All I Hioh Moderate. N 
Silverside Survival/Growth 7 Rare Low All Hioh Moderate N 

All 
1. Relat1ve to other spec1es m the table, when used for runoff momtonng. Based on local expenence and Judgment. 
2. All: available at any.time of year; Limited: availability unpredictable due to J1eld collection; Most: Good availabil 

May, advance preparations needed for rest of year. 
3. Approximate volume needed for initial and.phase I TIE tests. High: >20 L :Moderate: 4-20 L; Low: <4 L 
4. Moderate: Additional labor for water changes and feeding needed, specialized techniques needed to achieve high 

Low: High test success rate usually obtained, no water changes or feeding required during test. 
5. Tierl: Use as benchmark species in all programs where feasible; Tier 2: Recommended use as a second sensitive 

Potential use depending on program-specific considerations; Tier 4: Not recommended due to low feasibility. 
I suggest th<lt Ltsing the word feasibilitv and instead logistics. Steve. as vou and l discussed on the phone. but questi' 
f2.Q§.LbilitJ~. but whgJ.her the or!l.<ll.li.§ms fQI. certain !)1etb9ili.J.lli!Y11Q.\ be as_,fl..Y.8ih!lll£o.§.l!.£!1.1!..U\i.illlL)SSiliH!~l~J.Q . .:iJJ§. .. .llilthl 
field broodstock. which mav not be available because of the nature of collecting broodstock concurrentlv while a sro 
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Appendix 1 
Suggested Initial TJE Approach for Runoff Samples 

lf a toxicity trigger is exceeded, Phase 1 Tier 1 TlE manipulations should be initiated as 
soon as possible using remaining stored sample. lf the magnitude of effects in I 00% 
sample is less than 50% of the control, all TIE manipulations should be conducted using a 
control and only 100% sample using the method speci-fied minimum number of 
replicates. If greater effects are observed, all TlE manipulations should be conducted 
using a control and a minimum of two concentrations itnhe range of 1% to I 00?/t, sample 
(e.g., 50%, and 1 00%). 

Complete Phase 1, Tier 1 manipulations will include: 

Treatment Freshwater Marin.e 
Baseline (no manipulation) X X 
EDT A Additions X X 
Thiosulfate Additions X X 
pH= 6.5 X 
pH= 8.5 X 
Filtration X X 
Aeration X X 
SPE X X 
PBO addition Optional' Optional' 
Carboxyl esterase addition Optional' Optional1 

1. Highly recommended ifpyretln·oid or organophospoms pesticides are of concern. 

If characterization of toxicity is unsuccessful or inconsistent using the Tier 
manipulations, the following Tier 2 manipulations should be conducted as soon as 
possible using remaining sample and the previously used method specifications. Some of 
these methods may not be feasible for use with marine species. 

Phase 1, Tier 2 manipulations (if necessary) will include: 
Baseline (no manipulation) 
Aeration at pH = 3 and pH = 10 
Filtration at pH = 3 and pH = 1 0 
SPE at pH = 3 and pH = 10 

The following limited phase 2 manipulations should be conducted if appropriate based on 
the phase 1 characterization using EP A/600/R-92/080 (Methods for Aquatic Toxicity 
Identifications Evaluations - Phase IJ Toxicity ldentification Procedures for Samples 
Exhibiting Acute and Clu-onic Toxicity: 
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Phase 2 Manipulations: 
Non-polar Organics (toxicity removed in the SPE pass through manipulation) -
sequential methanol elution of Cl8 column followed by reconstitution at 2X the original 
concc::ntration to determine if toxicity is recovered .. 
Ammonia (pH = 7.0 removes or reduces toxicity) -zeolite filtration and mmnonia add 
back 
Metals (removal or reduction of toxicity in EDTA and/or STS addition manipulation) -:
Analytical quantification and subsequent add bacl' confirmations. 
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California Regio;~~~:;~.l Water Quality Cont~?l Board 
·.:-.. Los Angeles Region .,:,,,,. 

Winston H. Hickox 
Secretary for 

Environmental 
Protection 

(50 Years Serving Coastal Los Angeles and Ventura Counties) 

320 W. 4th Street, Suite 200, Los Angeles, California 90013 
Phone (213) 576-6600 FAX (213) 576-6640 

Internet Address: http://www.swrcb.ca.gov/rwqcb4 

May9, 2002 

Ms. Sally Coleman, Division Manager 
Water Quality/Environmental Services 
Ventura County Flood Control District 
800 South Victoria A venue 
Ventura, CA 93009-1600 

Certified Mail 
Return Receipt Requested 
Claim No. 7001 1140 0002 0364 8452 

REVIEW OF THE VENTURA COUNTYWIDE STORMWATER MONITORING 
PROGRAM'S, 2000/2001 MONITORING REPORT, JULY 2001. 

Dear Ms. Coleman: 

In November 2001 the Ventura County Flood Control District (VCFCD) submitted its final 
. Stormwater Monitoring Report to the Regional Water Quality Control Board. Subsequent 

Gray Davis 
Governor 

comments are based on our review ofthe November and July 2001 monitoring status reports, and 
· Regional Board staff meeting with VCFCD staff on April 11, 2002. We have been discussing 
these issues with you over the last few months, and we hope future monitoring reports will meet 
our expectations. 

General Comments: 
• Minimum Levels (MLs) for priority toxic pollutants from Appendix 4 of the policy for 

Implementation ofToxics Standards for Inland Surface Waters, Enclosed Bays, and 
Estuaries of California (SIP) shall be used in future monitoring. These MLs ha.ve 
replaced the existing Method Detection Limits (MDLs) for priority pollutants in the 
constituent list. Any approved USEP A analytical method may be used to achieve the 
MLs. If the principal permittee can demonstrate that a particular ML is not attainable in 
accordance with procedures set forth in 40 CFR 136, the lowest quantifiable 
concentration of the lowest calibration standard analyzed by a specific analytical 
procedure may be used instead of the listed ML. We hope this direction addresses the 
issue you raised in your letter dated November 13, 2001. 

• The QA/QC plan for collecting field samples is missing from the report. The Ventura 
Countywide Stormwater Monitoring Program: Standard Operating Procedures 2000-2005 
Stormwater Monitoring has not been updated to reflect current procedures. Please correct 
this deficiency in future reports. 

California Environmental Protection Agency 
***The energy challenge facing California is real. Every Californian needs to take immediate action to reduce energy consumption*** 

***For a list of simple ways to reduce demand and cut your energy costs, see the tips at: http://www.swrcb.ca.govlnewslecha/lenge.html*** 

fl.--' R~>rvr.led Paoer 
Our mission is to preserve and enhance the qual the benefit of present and future generations. 
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• Information from duplicate samples criterion and tolerances are missing from the report .. 
Please correct this deficiency in future reports. 

Constituents: 
• Temperature data were not reported and are required to be recorded for all, future 

sampling events in order to analyze parameters for the monitoring and reporting program. 
• Nitrite as N data were not reported and need to be analyzed for and recorded for all future 

sampling events. 
• E. Coli data were not reported and needs to be sampled and recorded for all fresh water 

·stations during all sampling events. 
• Sample, analyze and report for enterococcus rather than fecal · streptococcus to be 

consistent with other bacteria monitoring and existing standards. 
• Please provide information on what species of chromium, phosphorous, and ammonia 

were analyzed for in all future sampling events . 
• 

Metal Samples- Please provide information: 
• Where the metal blanks originated; 
• Level of detection at which the metal blanks were considered contaminated; 
• What the quantity/level of metals was in the metal blanks; 
• What metal(s) were found in the blanks; and 
• The QA/QC plan procedure for handling metal banks (from origin to lab analysis). 

Toxicity Results: 
• A Toxicity Identification Evaluation (TIE) shall be performed when acute toxicity results 

are greater than 1 TUa. Please explain why no TIE was performed for 2000/01. 
Although you have three instances of exceedences. Freshwater" acute toxicity testing shall 
be conducted on the most sensitive of the two species- Pimephales promelas (Fathead 
minnow) and Ceriodaphnia dubia (water flea). 

• Chronic toxicity tests shall be conducted using the most sensitive marine species for two 
wet weather events ·and one dry weather flow sample per monitoring season. 
Strongylocentrotus purpuratus (purple sea urchin) fertilization is recognized as the most 
sensitive marine species. If it can be demonstrated that a specific species of the silverside 
(Menidia) is the most sensitive marine species, then it can be used; and 

• The receiving water limitations (Permit, part 2.C) and the TIE procedures (II. Monitoring 
Requirements, section 2.g) must be fully addressed in future reports. When it is 
determined that storm water discharges are contributing to an exceedance of a water 
quality standard, the principal co-permittee shall submit a Receiving Water Limitation 
Compliance Report as an attachment to the Annual Report. The Compliance Report shall 
include the following: 

California Environmental Protection Agency 
***The energy challenge facing California is reaL Every Californian needs to take immediate action to reduce energy consumption*** 

***For a list of simple ways to reduce demand and cut your energy costs, see the tips at: http://www.swrcb.ca.gov/newslechallenge.html*** 

~J Recycled Paper 
Our mission is to preserve and enhance the quality of California's water resources for the benefit of present and future generations. 
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(i) A plan to comply with the Receiving Water Limitations in the permit; 
(ii) Changes to the Management Plan to eliminate or reduce exceedances; 
(iii) Enhanced monitoring to demonstrate compliance; and 
(iv) Results of implementation. 

Data Analysis/Monitoring Results: 
• Future monitoring reports shall include a comparison of storm water quality data to 

applicable water quality criteria that are found in the Basin Plan for Ventura County, 
California Toxic Rule (CTR), and the California Ocean Plan. The most stringent 
·applicable criteria shall be used as a comparison for use in the general interpretation of 
the significance of the results; 

• The report shall include a general interpretation of the significance of the results for all 
sampling station data (Permit part 3 .E.1.c ). Please explain why this was not done; and 

• The Storm Water Monitoring Report due on July 15, 2001, is to be the final complete 
report containing: 

1) status of implementation of the monitoring program; 
2) results of the monitoring program; 
3) a general interpretation of the results; 
4) both tabular and graphical summaries of the monitoring data obtained during the 

previous year; and 
The Discharger shall submit by October 1st of each year, an integrated summary of the 
results of analyses fron:t the monitoring program under Part ll.B. 

• Please note that the Permit's Monitoring and Reporting Progtarn, Part IT, Monitoring 
Requirements, section 2.g, states "The Discharger shall monitor a total of three mass 
emission stations to establish baseline conditions and load estimates, for the Ventura 
River and Calleguas Creek, beginning with the 2000-2001 monitoring season, ·and for the 
Santa Clara River beginning with the 2001-2002 monitoring season". In order to 
"establish baseline conditions and load estimates" analysis of the data collected will have 
to be performed. 

• Attachments: Sampling results for two monitoring stations (W -4 Revolon Slough and 
ME-CC Calleguas Creek) were taken and analyzed for exceedences based on their 
Beneficial Uses. A similar procedure is recommended for analysis of results obtained at 
the County's monitoring stations. If the Beneficial Use designation MUN has an asterisk 
(*), then the designation does not apply until it has been reevaluated by the Regional 
Board. If the Beneficial Use designation GWR is listed and the Beneficial Use 
designation MUN does not have an asterisk (*), then Title 22 applies. 

Califomia Environmental Protection Agency 
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• The Los Angeles County 1999-2000 Stormwater Monitoring Report is located on their 
web site at http://ladpw.org/wmd/npdes/report direct01y.cfm. Reviewing this document 
may benefit the Ventura County's effort in developing its Storm Water Monitoring 
Report. 

' Ifyou have any questions concerning this matter, please call me at (213) 620-2120. 

Sincerely, 

tb 
Ejigu Solomon 
Ventura Storm Water Chief 

Enclosure 
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***The energy challenge facing Califomia is real. Every Californian needs to take immediate action to reduce energy consumption*** 

***For a list of simple ways to reduce demand and cut your energy costs, see the tips at: http://www.swrcb.ca.gov/newslecha/lenge.html*** 

~¢1 Recycled Paper 
Our mission is to preserve and enhance the quality of California 's water resources for the benefit of present and future generations. 

A0~53T7 



California I~L~gional Water Quality··.control Board 
Los Angeles Region 

Winston H. Hickox (50 Years Serving Coastal Los Angeles and Ventura Counties) 
Secretary for 

Environmental 
Protection 

320 W. 4th Street, Suite 200, Los Angeles, California 90013 
Phone (213) 576-6600 FAX (213) 576-6640 

Internet Address: http://www.swrcb.ca.gov/rwqcb4 

July 31,2002 

Ms. Sally Coleman, Division Manager 
Water Quality/Environmental Services 
Ventura County Flood Control District 
800 South Victoria A venue 
Ventura, CA 93009-1600 

Certified Mail 
Return Receipt Requested 
Claim No. 7001 2510 0001 1410 5145 

REVIEW OF THE VENTURA COUNTYWIDE STORMWATER MONITORING 
PROGRAM'S, 2000/2001 MONITORING REPORT, JULY 2001. 

:Oear Ms. Coleman: 

Thank you for your response letter dated June 28, 2002. In November 2001 the Ventura County 
Flood Control District (VCFCD) submitted its final Stormwater Monitoring Report (Report) to 
the Regional Water Quality Control Board (Board). We have been discussing issues raised 
following our review of the Report with you over the last few months. Following our 
discussions, on May 9, 2002, we sent you a letter outlining our critique ofthe Report and 
requesting additional information. In your letter of June 28, 2002 you provided responses to our 
concerns and supplied additional information, however there are several issues that have not been 
fully resolved. The following comments and directives address these outstanding concerns. We 
trust that future monitoring reports will meet our expectations. 

Metal Field Blank: 
• It is understood that the VCFCD will ensure that their lab recognizes the severity of field 

blank contamination, and that the lab has taken steps to resolve its QNQC problem. 

Toxicity Test Species: 
• Freshwater acute toxicity testing shall be conducted on the most sensitive of the two 

species- Pimephales promelas (Fathead minnow) and Ceriodaphnia dubia (water flea). 
This Permit requirement intended that toxicity testing for both fish and invertebrates 
would initially be conducted to determine which species was the most sensitive. 
Subsequent testing would then use only the more sensitive of the two species. Freshwater 
acute toxicity testing on only Ceriodaphnia dubia does not meet the requirements of the 
Permit. 

• The Board does concur with minimizing sample manipulation as much as possible, but in 
determining the most sensitive species for chronic marine testing, the question that you 
are trying to answer such as, does the discharge enter an estuary near shore or directly to 

California Environmental Protection Agency 
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the ocean, and what Beneficial Use(s) need(s) to be protected, must be kept in mind. It 
may be appropriate for some samples to be tested using Menidia beryllina whereas for 
others it would be appropriate to use Strongylocentrotus purpuratus. When the concern is 
for toxicity to marine life, then the Strongylocentrotus purpuratus test is better. When the 
concern is for toxicity to freshwater or estuarine life, then the Menidia beryllina test is 
better. VCFCD has not fully justified their selection of the most sensitive species for 
chronic marine testing. 

Receiving Water Limitation Compliance Report: 
• Your proposed method for determining when a Receiving Water Compliance Limitation 

Report is required is not appropriate for the following reasons: 
• For the 90th percentile concentration to have any real value, data would have to be 

analyzed separately for each sampling location, and would require a fairly large 
number of \Samples due to the wide variability of storm water samples. 

• It is redundant to require exceedance of the 90th percentile of historic levels to trigger 
a water quality compliance report. By definition, if the 90th percentile concentration 
for a given constituent is greater than the applicable water quality standard, then the 

·standard has been and will be exceeded for more than 10% of the samples, 
demonstrating a statistical exceedance of the standard. (Given your assumption that 
the 90th percentile equates to the concentration that will be exceeded more than once 
in three years, the applicable water quality standard would also be exceeded more 
than once in three years.) If the 90th percentile concentration is lower than the water 
quality standard, then it will be exceeded every time the standard is exceeded. 

• Water . quality compliance reports are triggered by a determination by either the 
Discharger or the Regional Board that discharges are causing or contributing to an 
exceedance of an applicable water quality standard(s). You shall perform the data 

·analysis and comparison to applicable water quality criteria so possible exceedances-will 
be detected. · 

• If required, the water quality compliance report may be included with the Annual Storm 
Water Report and Assessment, unless the Regional Board directs an earlier submittal. The 
Compliance Report shall include the following: 

(i) A plan to comply with the Receiving Water Limitations in the permit; 
(ii) Changes to the Management Plan to eliminate or reduce exceedances; 
(iii) Enhanced monitoring to demonstrate compliance; and 
(iv) Results of implementation. 

Data Analysis and Monitoring Results: 
• It is not clear what the statement "future storm water data will be combined with historic 

data" means. If future storm water data and historic data will be mixed together, then this 

California Environmental Protection Agency 
***The energy challenge facing California is reaL Every Californian needs to take immediate action to reduce energy consumption*** 

***For a list of simple ways to reduce demand ·at: http://www.swrcb.ca.govlnewslechal/enge.html*** 
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is unacceptable. If future storm water data will be identifiable from and listed as separate 
data from the historic data then this will be acceptable. 

• The most stringent applicable criteria shall be used as a comparison for use in the general 
interpretation of the significance ofthe results. 

• The Report's data analysis must consider the applicable Beneficial Uses of the receiving 
water to determine the applicable water quality standards. 

• The Regional Board recognizes that the County is under a tight timeframe for producing a 
complete and comprehensive Report in July. It is difficult to produce a report based on 
the analysis and interpretation of data due at the end of your sampling season, but this is 
the nature of a sampling program. 

• As stated in the Permit and in the Board's letter dated May 9, 2002, the Storm Water 
Monitoring Report due in July is to be the final complete report. The County is not 
required to produce two reports per year, documenting six monitoring events. The 
County is req1;1ired to produce a single report for its monitoring events titled "Storm 
Water Monitoring Report" due in July, which is to summarize the year's sampling events. 
The Annual Storm Water Monitoring Report and Assessment due in October is to include 
an integrated summary of the results of analyses :from the monitoring program that is 
documenting the status of the general program and individual tasks contained in the 
Countywide Storm Water Quality Management Plan. The County's request to submit a 
single report to summarize the year's sampling events and submit only one annual water 
quality report per year in October of each year is denied at this time. 

If you have any questions concerning this matter, please call me at (213) 620-2120. 

Sincerely, 

k(? 
~Solomon 
Ventura Storm Water Chief 

California Environmental Protection Agency 
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Ms. Sally Coleman, Division Manager 
Water Quality/Environmental Services 
Ventura County Flood Control District 
800 South Victoria A venue 
Ventura, CA 93009-1600 

Certified Mail 
Return Receipt Requested 
Claim No. 7001 2510 0001 4662 1737 

PRELIMINARY COMMENTS ON THE VENTURA COUNTYWIDE STORMWATER 
MONITORING PROGRAM'S 2001/2002 MONITORING REPORT, JULY 2002. 

Dear Ms. Coleman: 
·~. 

Thank you for the Ventura CountyWide Stonn Water Monitoring Program's200l/02 Monitoring 
Report (Report), which\ve received on July 15, 2002. We have reviewed the Report and the 
following are our comments based on our review. 

/"~' I , . 
\ ·, ' 
"--. 

,: ... 

/;;-i~~::. 

In general, tpe Report was much more clearly written than previous reports, and was found to be 
more "user friendly'' for our purposes. We recognize the "difficulty in producing these reports, 
arid appreciate the effort you have made towards improving it. Please note that these are · 
preliminary comments, and should the need arise, a .final comment letter might follow. 

Issues from previou~ly reviewed reports 

• There is still disagreement over the appropriate test species for chronic marine toxicity 
testing. The Permit requires chronic toxicity testing using the most sensitive marine species . 

. We believe that the purple sea urchin, Strongylocentrotus purpuratus, .is the most sensitive 
mariqe species. This species (S. purpuratris) is also specified in the Water Quality Control 
Plan for Ocean Waters of California as a Tier I, or preferred, toxicity test species., The 
Ventura County Flood Control District (VCFCD) has so far chosen to use the silverside 
minnow, Menidia Beryllina, based on a recoinriiendatiori from the testing laboratory. ·We 
would prefer that VCFCD conduct side-by.:.side tests to establish the species that is most 
sensitive. ·· • · '. . · ·. · 

• It is under~tood'th~t i~-the future VCFCD will test samples for a) nitrite as N, b) E. Coli and 
enterococcus rather than streptococcus, and c) report temperature data, although these 
changes were not reflected in this Report~ 

': 
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• Data were collected from sampling events in June and July of2002, however these results 
were not presented in the Report. VCFCD intends to present these new data in the Annual 
Report, due October 1, 2002. This plan deviates from the requirements that the annual report 
will contain "an integrated summary of the results of analyses from the monitoring program". 
In the future, sampling should be planned around the reporting dates, so that the July report 
can include an analysis of all the data for the previous years monitoring. 

'• . 

Water quality standard comparison 

The comparison of sampling data to water quality standards showed numerous exceedances, for 
metals, some organics and indicator bacteria. The Pennit states that: 

"Upon a determination by eithlr the Discharger or the Regional Board that the 
discharges are causing or contributing to an exceedance of an applicable water qualitY 
standard. the discharger shall promptly notify and thereafter submit a report to the 
Regional Boardt ... to prevent or..reduce ... exceedances of water quality standards " (Part 2 
-Receiving Water Limitations, p. 9). . · · · · · · · . 

The exceedances identified in the Report are a potential trigger for the above requirement. 
However, more infonnation is required to assess the significance of these results because data 
from dry and wet weather events were lumped together in the analysis, and only acute standards 
were used for comparison. · 

We do not understand the rationale provided in the Report for selection of acute criteria for the 
comparison. Please explain the following statement further: . · . 

"The CTR acute and chronic criteria are associated with one another, the acute 
obj(!ctives are used since both acute and chronic criteria ·are associated with one 
another. The presence of an acute criterion also means the presence of a chronic 
criterion in which only onr: criterion is necessary. " (Report, p. 4 7) * 

It is not sufficient to use only acute or instantaneous objectives for the comparison. Acute 
criteria may be appropriate to assess impacts to receiving waters for stonn events due to their 
episodic nature and typically short duration. However, some storm events have a longer duration 
and criteria such as the daily maximum would be appropriate. Dry weather flows represent a 
continuous, chronic condition in the streams and therefore chronic criteria are appropriate for 
receiving waters under these conditions. Beneficial uses should also be considered when 
determining the appropriate water quality objective for comparison. · 

California Environmental Protection Agency 
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To make a mecn;ingful comparison it will also be necessary to consider dry weather flows 
separately from storm flows. In future reports, we expect that dry weather sample data will be . 
considered separately and compared to chronic criteria, and that storm flow data will be 
compared to appropriate acute criteria. * · 

The comparison ~so did not identify which particular events caused the exceedances, so the 
Report does not allow us to determine when they occurred. Did they occur in all years, or only 
during some years? For storm samples, were the exceedances related to storms early in the year, 
or did they occur late in the storm season as well? For dry weather samples, how often do the 
exceedances occur? The Report does not list the concentrations of the criteria to which data are 
being compared, or show the magnitude of the exceedance. The report also does not explain or 
demonstrat~ how CTR criteria for totalltnetals were calculated. Future reports should ciearly list 
the concentrations for comparison and provide the dates and concentrations ofsamples exceeding 
~~~L . . . 

~ 

· Sampling/laboratory issues. 

• Although the QA/QC procedures were clearly explained, there were continuing problems 
with blanks, recoveries, and problems with the contrQis for the growth portion of the chronic 
toxicity tests. VCFCD has indicated continuing contact with the laboratories to eliminate the 
problems to the extent possible. The Report states that the laboratories 'are investigating the. 
reason(s) for the problems, however, we are concerned with the continued laboratory failures. 
We request that VCFCD provide a brief report outlining the laboratory's findings and steps 
taken to resolve these problems. We also suggest that equipment field blankS be done for the 
automatic samplers to determine whether they contribute contaminants to the samples. * 

• There is some confusion in the description of sample qualification ... For example~ the metals 
Cr, Cu, Pb, Ni, and Zn Cife qualified with an asterisk in Table 16, and the footnote refers to 
Appendix B for the description of'qualifiers. Even thoughAppendix B does have a table . 
containing information on blariks, it does not define the qualifiers given in the last column ·. 
(e.g., NDB, (a), and (b)). All data tables should be self-contained with the necessary 
descriptors--data qualifiers should be presented with the data themselves. 

• The Report s~ates that "no data were rejected based on field blank results". Whafdoes it 
mean to have a 667 percent difference as in the case of total cadmium at ME-CC on 4/11/02? 
What value does the envirorunental sample result have in this case? It appears that these data 
may be being considered as non-detects. Please provide an explanation. * · · · 

• No sample was taken at receiving water station W-3 (La Vista Ave.). It is understood that 
there was insufficient flow for a sample to be collected. We realize that 200112002 was an 
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exceptionally dry ye~, and expect that this location will be sampled in the coming year 
provided sufficient flow is present. 

• The Report states that laboratory data are provided to VCFCD in hardcopy form. We 
recommend that they be provided in electronic files, as these would be easier to handle and 
less prone to error. · 

Other issues 

• A very high ammonia concentration was detected in a sample collected from Calleguas Creek 
on ll/21101, and the sample demonstrated high toxicity. We appreciate the initiative taken to 
investigate the cause of this event.. The agricultural use of ammonia may well be the cause, 
but a more rapid follow-up would ~e necessary to confirm this. Reliable data from an ... 
incident such as this one inight prove to be important in the implementation offutu~e total 
maximum daily loads (TMDLs). Perhaps other data sources (independent water quality, 
studies) could be censulted as part of the analysis. 'It may be appropriate to provide outreach 
to the farmers and inquire whether they use best management practices. 

• In the future, please provide hydro graphs of the sampled events, and clarify the definition of 
"event volume", is it a 48-hour volume? It is also not clear what is meant by "averaging flow 
throughout the event" for the wet weather flow measurements. * 

' T • • • 

• The Report states. that: 

"Mass loadings are calculated strictly for Permit requirements" (Report~ p. 40). 

We remind you that estimated mass loadings, such as those in the Report, are a measure of 
the water quality of the watershed. We trust that this information serves a purpose beyond 
meeting a permit requirement, anc~ should be beneficial to the management efforts in Ventura 
County. Such estimates might be more useful if they were apportioned among the 
contributing land uses. 

It is not clear how the mass load estimates were calculated. Please provide example 
calculations in future reports. * 

• In Appendix C, the rightmost column labeled "Note" has designations (e.g., a, b, etc.),.but 
these are not defined. Please provide explanations or definitions for all descriptors or data 
qualifiers. * . · 
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Please provide·your response by October 1, 2002. Your response should address, at a minimum, 
our .comments with asterisks. 

If you have any questions concerning this matter, please call me at (213) 620-2120. 

Sincerely, 

. .-· 
;J. .. ·· .. :-·:·:~< .. ·: ··"·····.:.· 

.• 

Ejigu Solomon 
Ventura Storm Water Chief 

-~. 
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Ms. Sally Coleman, Division Manager 
Water Quality/Environmental Services 
Ventura County Watershed Protection District 
800 South Victoria Avenue 
Ventura, CA 93009-1600 

Certified Mail 
Return Receipt Requested 
Claim No. 7002 0860 0006 4859 1510 

REVIEW OF THE VENTURA COUNTYWIDE STORMWATER MONITORING 
PROGRAM 2002/03 MONITORING REPORT, JULY 2003. 

Dear Ms. Coleman: 

Thank you for the Ventura Countywide Stom1 Water Monitoring Program's 2002/03 Monitoring 
Report (Report), which we received on July 15, 2003. We have reviewed the Report and the 
following are our comments based on our review and they were discussed with Ms. Darla Wise 
of your staff on September 9, 2003. 

We appreciate the effort you have made towards improving the County Monitoring Program and 
its associated Report. 

Record of Monitoring Information 

• The time of sampling does not appear to have been included with the data sheets for 
Laboratory Analysis Results or. within the text of the Monitoring Report. It would be 
useful information to have it inCluded with the data sheets for Laboratory Analysis 
Results. A requirement of the Permit is the recording ofthe time of sampling or 
measurements. 

• It was understood that temperature data was going to be included in the list of analysis, 
and this year's·Monitoring Report didn't include it. 

Toxicity Testing Issues: 

• There is still a misunderstanding over the freshwater acute toxicity testing. The Permit 
requires that freshwater acute toxicity testing shall be conducted on the most sensitive of 
the two species- Fathead minnow (Pimephales promelas) and Water flea (Ceriodaphnia 
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dubia). The Permit is not stating that there is a testing choice between the two species, 
both species are to be tested. · 

• The Permit states that chronic toxicity tests shall be conducted using the most sensitive 
marine species. Chronic toxicity testing should be conducted on the most sensitive of the 

· two species using USEP A West Coast marine and estuarine species. Testing should be 
performed using: Topsmelt (Atherinops affinis) and between Red abalone (Haliotis 
rufescenis), Mussels (Mytilus spp.) and Oyster (Crassostrea gigas), Purple urchin 
(Strongylocentrotus purpuratus) and Sand dollar (Dendraster excentricus), or Mysid 
(Holmesimysis costata). 

• It should be noted that the sliverside minnow (Menidia beryl/ina) is an East Coast species 
not USEP A approved for West Coast marine chronic toxicity testing. The sliverside is 

_not anappropri~te choice for chronic toxicity testing and is not a recognized species to 
use for West Co~st marine chronic toxicity testing, it does not fulfill the requirement of 
Ventura's Monitoring Report requirements. 

Water Qualitv Results 

• The sampling date for toxicity is not listed within the report and a requirement of the 
Permit is the recording of the date of sampling or measurements. 

• New analytes, such as perchlorate, may be added in the revised permit and we strongly 
recommend that you include perchlorate in your Sampling and Analysis Plan for next 
year. 

Metals Results 

• Your Lab's, FGL's, recommendation to raise the reporting limits for lead, chromium, 
copper, and zinc to reduce the possibility of false blanks should be considered after the 
results of the SCCWRP Regional Intercalibration Study. 

Data Analysis and Discussion 

• The Basin Plan has been amended to include AB411 criteria (Board adoption date was 
October 25,2001 and EPA Region IX approved the amendment September 25, 2002), it 
is to be used for the analysis of Total and Fecal Coliform, and Enterococcus. 

• Land use sites have a high probability of discharging concentrated pollutants, but water 
quality standards apply to all tributaries. Without data to support the statement "Once the 
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discharges enter the waterbody (where the objectives apply), the higher flow rates dilute 
the discharge and result in lower concentrations ofthe pollutant" (Land Use Discharge 
Analysis, pg.65, 2nd paragraph) which in this case may. be organic compounds, it can not 
be assumed. 

If you have any questions concerning this matter, please call me at (213) 620-2120. 

E]igu Solomon 
Ventura Storm Water Chief 

Enclosure 
1 
I 

California Environmental Protection Agency 
***The energy challenge facing Califomia is real. Every Calijornian11eeds to take immediate action to reduce energy consumption*** 

***For a list ofsimplu ways to reduce demantl ' · · - ... ---.. ---•- --- ••-- "'"sat: http://www.swrcb.ca.govlnewslechallenge.html*** 
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California Regional Water- (Ju~lity Lontrot .Hoaro 
Los Angeles Region 

Winston H. Hickox (50 Years Serving Coastal Los Angeles and Ventura Counties) 
Secretary for 

Environmental 
Proteclion 

October 29, 2004 

Mr. JeffPratt, P.E., Director 

320 W. 4th Street, Suite 200, Los Angeles, California 90013 
Phone (213) 576-6600 FAX (213) 576-6640 

Internet Address: http://www.swrcb.ca.gov/rwqcb4 

Certified Mail 
Ventura County Watershed Protection District 
800 South Victoria Avenue 

Return Receipt Requested 
Claim No. 7002 2030 0002 1673 2223 

Ventura, CA 93009-1600 

REVIEW OF THE VENTURA COUNTYWIDE STORMWATER MONITORING 
PROGRAM 2003/04 MONITORING REPORT, JULY 2004. 

Dear Mr. Pratt: 

Thank you for the Ventura Countywide Storm Water Monitoring Program's2003/04 Monitoring 
Report (Report), which we received on July 12,2004. We have reviewed the Report and the 
following are our comments based on our review. 

Monitoring 

• The Report is to have represented the County's Storm Water Monitoring Program during the 
2003/2004 water year. Data represented in the Report does not fully show storm water 
monitoring for the 2003/2004 water year. For mass emission stations, the NPDES Permit 
CAS004002 (Permit) states: "Up to six station events per year, .including a minimum of 2 dry 
weather samples must be monitored."· This is interpreted to mean that at least 6 samples are 
to be taken each water year (4 wet weather samples and 2 dry weather samples). Data from .. 
the county's mass emission stations shows 3 wet weather samples collected in 2004 · 
(February 2nd, 181h and 25th). The wet season is from October 1st through April 15th as defined 
in the Permit. The required 2 dry weather sampling events are to be taken during the water 
year also, one prior to the onset of wet weather (2003) and once wet weather events have 
subsided (2004). The Report does not contain data for the required 6 events per year, and this 
is a violation of the County's Permit. 

California Environmental Protection Agency 
***The energy challenge facing California is real. Every Californian needs to take immediate action to reduce energy consumption*** 

***For a fist of simple ways to reduce demand nnJ rut unur ""Pr"" co.<ts. see the tios at: http:/lwww.swrcb.ca.gov/news/eclzallenge.lltml*** 

Our mission is to preserve and enhance tl 

A!009H39 
:esfor the benefit of present and future generations. 

Gray Davis 
Governor 



Mr. Jeff Pratt, P.E., Director -2 of 4- October 29, 2004 
Ventura County Watershed Protection District 

Precipitation and Flow 

• The 8 monitoring stations storm water sampling dates show that the 2003 first storms of 
the season were not sampled. In a storm event, the first flush of runoff typically contains 
relatively high concentrations of contaminants which may then fall and fluctuate at lower 
levels for the remainder of the storm event. As a result of this contaminant concentration 
pattern through an event, the highest levels of toxicity are expected to be associated with 
this first flush. The first .25 inches of rain from a storm event creates runoff in channels 
(See, Los Angeles County 1994-2000 Integrated Receiving Water Impacts Report. 
Appendix D, Low Flow Study. It has been shown those water quality constituents such as 
nitrate, .total phosphorus, turbidity, TSS and hardness are higher in the smaller storms 
than larger storm events. Ventura County did not collect sampling data accurately 
representing storm water contaminants within its watersheds. The Permit does not 
contain "blackout dates". 

• The first stormJ of the year generally produce the most toxic storm water, showing the 
need to sample these storms (See, Los Angeles County 1994-2000 Integrated Receiving 
Water Impacts Report. Appendix C, Executive Summary of the Santa Monica Bay 
Receiving Waters Study by Southern California Coastal Waters Research Project. -,A 
Excerpted from the Study of the Impact of Stormwater Discharge on the Beneficial Uses V 
of Santa Monica Bay, July 8, 1999 (SCCWRP, 1999), Pg. 11. 

Toxicity Testing Issues: 

• The presence of a particular contaminant should lead to the use of organisms with known 
sensitivity to that contaminant. For example, where ammonia is considered to be the 
causative agent of toxicity, fish should be used rather than invertebrates due to their 
greater sensitivity. In contrast, invertebrates would be more appropriate where pesticides 
are the suspected causative agent oftoxicity. Ifthe County ofVentura would like to 
perform a study to evaluate the selection of organisms to use when performing acute and 
chronic toxicity testing, then a plan will have to be submitted to the Regional Board prior 
to the onset of the study for evaluation. Alternatively, the County of Ventura may use 
the toxicity methods as explained in- Lau, S.-L., M.K. Stenstrom and S. Bay. 1994, 
Assessment of storm drain sources of contaminants to Santa Monica Bay. Volume V, 
Toxicity of Dry Weather Urban Runoff, prepared for Santa Monica Bay Restoration 
Project, Monterey Park, CA, Pg. 129, water flea (Ceriodaphnia dubia) reproduction and 
survival test (freshwater), and the purple sea urchin (Strongylocentrotus purpuratus) 
fertilization test (marine), shall continue to be used. 

Califomia Environmental Protection Agency 
***The energy challenge facing California is real. Every Californian needs to take immediate action to reduce energy COIISUmption*** 

***For a list of simple ways to reduce dema11d and cut vour"""'"u '"''•~<. .,,, th~ tl"" Qt: http://www.swrcb.ca.govlnewslechallenge.html*** 

Our mission is to preserve and enhance the r for the benefit of present and future generations. 
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Mr. JeffPratt, P.E., Director -3 of 4- October 29, 2004 
V entura County Watershed Protection District 

• The next Permit will re-evaluate the testing procedures for bot~ acute and chronic toxicity 
testing. In the interim, it is recommend that Ventura County review the toxicity testing 
sections of the Storm Water Monitoring Program's Reports for both Los Angeles and 
Long Beach Counties. The County of Long Beach's Report, section 4.5.2.3- Sea Urchin 
Fertilization Test, should be reviewed for adjusting sample salinity. The County may also 
want to use the October 2002 EPA toxicity testingmethods, EPA-821-R-02-012 for acute 
and EPA -821-R -02..:013 for chronic. 

• Chronic toxicity testing was not performed for water flea (Ceriodaphnia dubia) 
reproduction. 

• Data sheets showing toxicity test results have to be included with the Report. Aquatic 
Bioassay & Consulting Laboratories, Inc.'s ToxCalc output for the 2003/2004 monitoring 
year is to be submitted to the Regional Board immediately .. 

Water Quality Objective Comparisons: 
I 

• The Water Quality Control Plan for Ocean Waters of California (Ocean Plan), which 
contains water quality objectives for the coastal waters of California, is to be used in 
comparing the County's monitoring data to water quality exceedances. Section C.l of the 
California Ocean Plan states: "Nonpoint sources of waste discharges to the ocean are 
subject to Chapter I Beneficial Uses, Chapter II- WATER QUALITY OBJECTIVES 
(wherein compliance with water quality objectives shall, in all cases, be determined by 
direct measurements in the receiving waters) and Chapter III- PROGRAM OF 
IMPLEMENTATION ·Parts A.2, D, E, and H." . 

• During storm events, freshwater flows into the Ocean where a plume can persist for 
several days after a storm. Information on the properties of storm water plumes in terms 
of characterization and biological effects can be found in the report -Los Angeles· County 
1994-2000 Integrated Receiving Water Impacts Report. Appendix C, Executive Summary 
of the Santa Monica Bay Receiving Waters Study by Southern California Coastal Waters 
Research Project . . Excerpted from the Study of the Impact of Stormwater Discharge on 
the Beneficial Uses of Santa Monica Bay, July 8, 1999 (SCCWRP, 1999). 

• Monitoring data are to be compared to both acute and chronic criteria in the California 
Taxies Rule. In toxicity testing, it is the sub-lethal effect of the exposure that is being 
tested rather than the duration of exposure. Sub-lethal effects include damage to 
reproductive rates, growth, etc. Acute testing is showing lethal effects- death. 

California Environmental Protection Agency 
***The energy challenge facing Ca/ifomia is reaL Every Californian needs to take immediate action to reduce energy co11sumption *** 

***For a list ofsbnple ways to reduce dema11d and cut vour enerpv costs. see the tins at: http:l/www.swrcb.ca.gov/newslechallenge.html*** 

Our mission is to preserve and enhance the ; for the benefit of present and future generations. 



Mr. JeffPratt1 P.E., Director -4 of 4- October 29, 2004 
Ventura County Watershed Protection District 

• Potential Problematic Constituents 

• Constituents exceeding water quality objectives are considered Pollutants of Concern 
(POC) and should be discussed within the Report. For these POCs, besides "continued 
monitoring" and "track[ing] for further analysis", they should be identified in the Ventura 
County Storn1 Water Management Plan (SMP) as requiring additional investigation. 
Based on the POC source identification, additional target businesses may be identified to 
be included in the industrial/commercial inspection program. And co-permittees shall 
report on the types and proposed actions to be taken in regard to the additional target 
businesses in annual reports. 

• Also, in light of upcoming T,otal Maximum Daily Loads (TMDLs), the monitoring 
program should be geared towards selecting and prioritizing appropriate BMPs to target 
the identified POC. 

Continued TSS Undeheporting 

• We continue to be concerned about the low results ofTSS from your monitoring. These 
low results may be related to sampling large rainfall events and sampling methods. 
There are a multiple of sources ofTSS from nearly all land uses. The significance of 
.reducing TSS cannot be understated given the fact that a few other POC adsorb onto 
sediments. 

• Therefore, as suggested in prior correspondence please review your testing methods, and 
we would like also to take split samples if given sufficient notification time. 

If you have any questions concerning this matter, please call me at (213) 620-2237. 

Sincerely, 

~;·-t'~ 
..;------

Ejigu Solomon 
Ventura Storm Water Chief 

cc: Mr. Lawrence Jackson, Division Manager, Ventura County Watershed Protection District 
Ms. Darla Wise, Ventura County Watershed Protection District 

California Environmental Protectiolt Age~tcy 
***The energy challenge facing California is reaL Every Californian needs to take immediate action to reduce energy consumption*** 

***For a list of simple ways to reduce demand and cut your energy costs, see the tips at: http://www.swrcb.ca.gov/newslechallenge./rtml*** 

Our mission is to preserve and enhance the qu~ A 0 a 9 3lLi ? i for the benefit of present and future generations. 
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>>>"Arne Anselm" <Arne.Anselm@ventura.org> 10/29/2007 3:28 PM >>> 
Tracy, 

I want to let you know about the toxicity results of a storm sampled on September 
22. The chronic toxicity for Ventura River was reported at >16.00 TUc. The storm 
was very small, just over 0.25 inch and over a long enough period that very little 
runoff was observed. In fact, two of our sites had no flow for the whole storm. 

We have not received any other analytical data and currently have no idea what 
could have caused this. This site will be analyzed for chronic toxicity at the riext 
sampling event, and a Toxicity Identification Evaluation will be performed if 
elevated toxicity is observed. 

Give me a call if you have any questions, 
Arne 

Arne Anselm 
Water Quality Monitoring Manager 
Ventura County Watershed Protection District 
805.654.3942 
www.vcstormwater.org 

A~~~34~ 



I Tracy_vyoods -.Fw<:~: Re.:. ~.C?.Ptef.11be.r 22th storm water monitoring ev,ent 

From: "Gerhardt Hubner" <Gerhardt.Hubner@ventura.org> 
To: "Deborah Smith" <Dsmith@waterboards.ca.gov>, "Tracy Woods" 
<twoods@waterboards.ca.gov>, "Xavier Swamikannu" <Xswamikannu@waterboards.ca.gov> 
Date: 10/31/2007 9:45:53 AM 
Subject: Fwd: Re: September 22th storm water monitoring event 

Tracy, 

No problem. As soon as we received it we will forward it to you. 

Gerhardt 

>» "Tracy Woods" <twoods@waterboards.ca.gov> 10/31/2007 9:35AM>» 
Hello Gerhardt, 

Thanks for sending the lab results for bacteria and toxicity testing, I am still interested in reviewing the rest 
of the chemical analyses data, as soon as it comes available. 

Thanks- Tracy Woods 
LA-RWQCB I Storm Water Permitting 
320 W. 4th Street, #200 
Los Angeles, CA 90013 
Phone: 213/620-2095 
Fax: 213/576-5777 
E-mail: twoods@waterboards.ca.gov 

>»"Gerhardt Hubner" <Gerhardt.Hubner@ventura.org> 10/31/2007 9:02AM»> 
Hello All, 

As promised, see attachments containing available lab reports and summary of data so far 

Gerhardt 

»>Arne Anselm 10/31/2007 8:44AM>» 
Gerhardt, 

Here are the data sheets for the toxicity tests. As I mentioned in my first email we have not received all the 
analytical data, only bacteria and bioassays. The laboratory's long turn around for reporting data is typical 
and the reason we•are concerned about the draft permit requirement to report results in 45 day. We will 
forward the rest of the data as soon as it is received, but it will not have gone through our internal QA/QC 
procedures. 

Here is a summary of the data so far: 
ME-CC 
Toxicity- TUc = 1.00 (lowest possible result for chronic test) 
Fecal - 16,000 
Total- 579,400 
E. coli - 11 , 199 
Enterococcus- 4,060 

ME-SCR 
Toxicity -TUc = 1.00 
Fecal- 170 
Total - 21 ,870 
E. coli- 120 
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Enterococcus - 406 

ME-VR2 
Toxicity- TUc >16.00 
Fecal- 130 
Total- 4,611 
E. coli -109 
Enterococcus - 99 

W-4 
Toxicity- TUa = 0.91 
Fecal - 24,000 
Total- 8,664,000 
E. coli- 7,270 
Enterococcus - 3,440 

W-3 
No flow 

A-1 
No flow 

·--~~~--------~--

»> Gerhardt Hubner 10/30/2007 5:01 PM >» 
Tracy, 

Upon Arne's return tomorrow morning we will have the reports sent to you. 

Gerhardt 

>»"Tracy Woods" <twoods@waterboards.ca.gov> 10/30/2007 3:06PM »> 
Hello Gerhardt, 

. ' "' . -· ·- ----1 
__ .. _Pagf3f 1 

Yesterday, Arne e-mailed me about the toxicity results of a storm water sample taken on September 22nd. 
The chronic toxicity for the Ventura River was reported at >16.00 TUc. 

Would you send the results of the chemical analyses including the chronic and acute toxicity lab reports 
for the Ventura River September 22nd monitoring event, to the Water Board, as soon as possible? 

Thanks-Tracy Woods 
LA-RWQCB I Storm Water Permitting 
320 W. 4th Street, #200 
Los Angeles, CA 90013 
Phone: 213/620-2095 
!7ax: 213/576-5777 
E-mail: twoods@waterboards.ca.gov 
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TOXICITY TESTING • OCEANOGRAPHIC RESEARCH 

October 17, 2007 

Mr, Arnie Anselm 
Ventura County Watershed Protection District 
800 South Victoria Ave 
Ventura, CA 93009 

Dear :Mr. Anselm: 

------

We are pleased to present the enclosed revised bioassay report. The test was conducted 
· under guidelines prescribed in Short-Term Methods for Measuring the Chronic Toxicity 
of Effluents and Receiving Waters to West Coast Marine and Estuarine Organisms, EPA-
600/R95/136, 1995. Results were as follows: 

CLIENT: 
S.AlvfPLE I.D.: 
DATE RECEIVED: 
ABC LAB. NO.: 

County ofV entura 
ME-CC 
22 Sept- 07 
VCF0907.212 

C.QR,ONIC SE.A URCHIN FERULJZATION BIOASSAY 

Yours very truly, 

-<_ ,__ __ _ 
Thomas (Tim) :Mikel · 
Laboratory Director 

NOEC 
TUc = 

IC25 = 
IC50 

100.00% 
1.00 

>100.00% 
>100.00% 

29 NORTH OLIVE STREET, VENTURA, CA 93001 • (805) 643-5621 
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Start Date: 9/24/2007 
End Date: 9/24/2007 
Sample Date: 9/22/2007 
Comments: ME-CC 

Cone-% 1 
N Control 0.9200 

6.25 0.9100 
12.5 0.9300 

25 0.9100 
50 0.9400 

100 0.9200 

Cone-% Mean 
N Control 0.9250 

6.25 0.9200 
12.5 0.9250 

25 0.9250 
50 0.9350 

100 0.9050 

Auxilia!1 Tests 

2 
0.9100 
0.9200 
0.9200 
0.9500 
0.9300 
0.9100 

N-Mean 
1.0000 
0.9946 
1.0000 
1.0000 
1.0108 
0.9784 

Spenn Cell Fertilization Test-Proportion Fertilized 
Test ID: VCF0907212 Sample ID: CAOOOOOO 
Lab ID: CAABC Sample Type: EFF1-POTW 
Protocol: EPA/600/R Test Species: SP-Strongylocentrotus purpuratus 

3 
0.9400 
0.9300 
0.9100 
0.9300 
0.9200 
0.9000 

4 
0.9300 
0.9200 
0.9400 
0.9100 
0.9500 
0.8900 

Transform: Arcsin Sguare Root 
Mean Min Max CV% N 
1.2941 1.2661 1.3233 1.903 4 
1.2843 1.2661 1.3030 1.174 4 
1.2941 1.2661 1.3233 1.903 4 
1.2951 1.2661 1.3453 2.911 4 
1.3139 1.2840 1.3453 2.006 4 
1.2580 1.2327 1.2840 1.755 4 

Statistic 

1-Tailed Isotonic 
t-Stat Critical MSD Mean N-Mean 

0.9260 1.0000 
0.535 2.410 0.0442 0.9260 1.0000 
0.000 2.410 0.0442 0.9260 1.0000 

-0.055 2.410 0.0442 0.9260 1.0000 
-1.078 2.410 0.0442 0.9260 1.0000 
1.969 2.410 0.0442 0.9050 0.9773 

Critical Skew Kurt 
Shapiro-Wilk's Test indicates normal distribution (p > 0.01) 0.93723 0.884 0.34682 -0.7207 
Bartlett's Test indicates equal variances {E = 0.81~ 2.2436 15.0863 
Hleothesis Test (1-tail, 0.05) NOEC LOEC ChV TU MSDu MSDp MSB MSE F-Prob df 
Dunnett's Test 100 >100 1 0.02488 0.02689 0.00135 0.,00067 0.12636 5, 18 
Treatments vs N Control 

Linear Interpolation (200 Resamples) 
Point % so 95% cqexe} Skew 
IC05 >100 
IC10 >100 
IC15 >100 1.0 
IC20 >100 0.9 
IC25 >100 
IC40 >100 0.8 

IC50 >100 0.7 

G) 0.6 
II) 6 0.5 

g. 0.4 
G) 

ex: 0.3 

0.2 

0.1 

0.0 .A 

-0.1 
0 50 100 150 

Dose% 
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_,~', Start Date: 
End Date: 
Sample Date: 
Comments: 

Page2 

Sperm Cell Fertilization Test-Proportion Fertilized 
Test ID: VCF0907212 Sample ID: CAOOOOOO 
Lab ID: CAABC Sample Type: EFF1-POTW 

9/24/2007 
9/24/2007 
9/22/2007 
ME-CC 

Protocol: EPN600/R Test Species: SP-Strongylocentrotus purpuratus 

Dose-Response Plot 

E-:--:-:--::"7"-::-::-G-:--:-:-:-:-::-:--~-:-:--:-:--:-:-~.,...-:-::--::-::--:-:-..21:_~~~---..1.. 1-tail, o. 05 level 
0.9 • • • • • • • ~- • - • • - - - - • • • • • • - • • • • • • • - • - • • • • · of significance 

0.8 
"C 
~ 0.7 

i 0.6 
u. 
t: 0.5 
0 

~0.4 
0. e a.s 
CL 

0.2 

0.1 

0+-------~-----,----~~------~------~ 
:g 
r: . 

8 
z 

It) 
N 

0 
10 
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Sperm Cell Fertilization Test-Proportion Fertilized 
Start Date: 9/24/2007 Test ID: VCF0907212 Sample ID: CAOOOOOO 
End Date: 9/24/2007 Lab ID: CAABC Sample Type: EFF1-POTW 
Sample Date: 9/22/2007 Protocol: EPA/600/R Test Species: SP-Strongylocentrotus purpuratus 
Comments: ME-CC 

Auxilia!}: Data Summa!}: 
Con eM% Parameter Mean Min Max so CV% N 

N Control Tempe 15.15 15.00 15.30 0.21 3.04 2 
6.5 15.30 15.30 15.30 0.00 0.00 1 

6.25 15.00 15.00 15.00 0.00 0.00 1 
12.5 15.15 15.00 15.30 0.21 3.04 2 

25 15.15 15.00 15.30 0.21 3.04 2 
50 15.15 15.00 15.30 0.21 3.04 2 

100. 15.15 15.00 15.30 0.21 3.04 2 
N Control pH 7.70 7.70' 7.70 0.00 0.00 2 

6.5 7.70 7.70 7.70 0.00 0.00 1 
6.25 7.70 7.70 7.70 0.00 0.00 1 
12.5 7.70 7.70 7.70 0.00 0.00 2 

25 7.70 7.70 7.70 0.00 0.00 2 
50 7.70 7.70 7.70 0.00 0.00 2 

100 7.70 7.70 7.70 0.00 0.00 2 
N Control DOmg/L 6.10 5.90 6.30 0.28 8.72 2 

6.5 6.50 6.50 6.50 0.00 0.00 1 
6.25 5.70 5.70 5.70 0.00 0.00 1 
12.5 6.15 5.70 6.60 0.64 12.97 2 

25 6.25 5.80 6.70 0.64 12.76 2 
50 6.20 5.90 6.50 0.42 10.51 2 

100 6.30 5.90 6.70 0.57 11.94 2 
N Control Salinity ppt 34.00 34.00 34.00 0.00 0.00 2 

6.5 34.00 34.00 34.00 0.00 0.00 1 
6.25 34.00 34.00 34.00 0.00 0.00 1 
12.5 34.00 34.00 34.00 0.00 0.00 2 

25 34.00 34.00 34.00 0.00 0.00 2 
50 34.00 34.00 34.00 0.00 0.00 2 

100 34.00 34.00 34.00 0.00 0.00 2 
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TOXICITY TESTING • OCEANOGRAPHIC RESEARCH 

October 17, 2007 

:Mr. Arnie Anselm 
Ventura County Watershed Protection District 
800 South Victoria Ave 
Ventura, CA 93009 

Dear :Mr. Anselm: 

We are pleased to present the enclosed revised bioassay report. The test was conducted 
under guidelines prescribed in Short-Term Methods for Measuring the Chronic Toxicity 
of Effluents and Receiving Waters to West Coast Marine and Estuarine Organisms, EPA-
600/R95/136, 1995. Results were as follows: 

CLIENT: 
SAMPLE I.D.: 
DATE RECEIVED: 
ABC LAB. NO.: 

County of Ventura 
ME-VR2 
22 Sept- 07 
VCF0907.214 

CHRONIC SEA URCHIN FERTILIZATION BIOASSAY 

Yours very truly, 

___.,:;:'" . 

~-
Thomas (Tim) Mikel 
Laboratory Director 

NOEC 
TUc 

IC25 
IC50 

= <6.25% 
= >16.00 

60.09% 
= 76.95% 

29 NORTH OLIVE STREET, VENTURA, CA 93001 • (805) 643-5621 

A00:l3o.~ 



Start Date: 9/24/2007 
End Date: 9/24/2007 
Sample Date: 9/2212007 
Comments: MENR2 

Cone-% 1 
N Control 0.9800 

6.25 0.9500 
12.5 0.9400 

25 0.9200 
50 0.8800 

100 0.1200 

Cone-% Mean 
N Control 0.9950 

*6.25 0.9475 
"12.5 0.9325 

*25 0.9225 
*50 0.8950 

"'100 0.1575 

Auxilia!1 Tests 

2 
1.0000 
0.9600 
0.9300 
0.9400 
0.9100 
0.1600 

N-Mean 
1.0000 
0.9523 
0.9372 
0.9271 
0.8995 
0.1583 

Sperm Cell Fertilization Test-Proportion Fertilized 
Test ID: VCF0907214 Sample ID: CAOOOOOO 
Lab ID: CAABC Sample Type: EFF1-P01W 
Protocol: EPA/600/R Test Species: SP-Strongylocentrotus purpuratus 

3 
1.0000 
0.9400 
0.9300 
0.9200 
0.9000 
0.1800 

4 
1.0000 
0.9400 
0.9300 
0.9100 
0.8900 
0.1700 

Transform: Arcsin Square Root 
Mean Min Max CV% N 
1.4978 1.4289 1.5208 3.067 4 
1.3403 1.3233 1.3694 1.640 4 
1.3081 1.3030 1.3233 0.776 4 
1.2894 1.2661 1.3233 ' 1.874 4 
1.2412 1.2171 1.2661 1.700 4 
0.4071 0.3537 0.4381 9.137 4 

Statistic 

1-Tailed Isotonic 
t-Stat Critical MSD Mean N-Mean 

0.9950 1.0000 
7.631 2.410 0.0497 0.9475 0.9523 
9.193 2.410 0.0497 0.9325 0.9372 

10.101 2.410 0.0497 0.9225 0.9271 
12.434 2.410 0.0497 0.8950 0.8995 
52.858 2.410 0.0497 0.1575 0.1583 

Critical Skew Kurt 
Shapiro-Wilk's Test indicates normal distribution (p > 0.01) 0.91594 0.884 -0.997 1.1182 
Bartlett's Test indicates egual variances (p = 0.29) 6.13894 15.0863 
H~pothesis Test (1-1ail, 0.05) · NOEC LOEC ChV TU MSDu MSD~ MSB MSE F-Prob df 
Dunnett's Test <6.25 6.25 0.00967 0.00972 0.60497 0.00085 5.2E-20 5, 18 
Treatments vs N Control 

Linear Interpolation (200 Resamples) 
Point % SD 95% CL(Exp) Skew 
IC05 7.188 1.998 4.383 13.110 2.3943 
IC10 49.545 3.353 34.244 52.020 -1.2516 
IC15 53.339 0.483 52.038 55.062 0.1013 1.0 
IC20 56.712 0.464 55.464 58.359 0.0799 

0.9 
IC25 60.085 0.453 58.864 61.759 0.0368 
IC40 70.203 0.467 68.921 71.535 -0.1923 0.8 

IC50 76.949 0.513 75.404 78.402 -0.3326 0.7 

. 5l 0.6 
c 
8. 0.5 

:« 0:: 0.4 

0.3 

0.2 

0.1 

0.0 
0 50 100 150 

Dose% 
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• Start Date: 9/24/2007 
End Date: 9/24/2007 
Sample Date: 912212007 
Comments: ME-VR2 

"0 

0.9 

0.8 

~ 0.7 

i 0.6 
u. 
t: 0.5 
0 

~ 0.4 
Q. e o.3 
n.. 

0.2 

0.1 

Sperm Cell Fertilization Test-Proportion F.ertilized 
Test ID: VCF0907214 Sample ID: CAOOOOOO 
Lab ID: CAABC Sample Type: EFF1-POTW 
Protocol: EPA/600iR Test Species: SP-Strongylocentrotus purpuratus 

Dose-Response Plot 

1-tail, 0.05level 
of significance 

0~----~------~----~-------r----~ 

Pa~e2 

~ 
<:: 
0 
0 
z 

0 
'f' 
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Start Date: 9/24/2007 
End Date: 9/24/2007 
Sample Date: 9/22/2007 
Comments: ME-VR2 

Cone-% 
N Control 

6.5 
6.25 
12.5 

25 
50 

100 

Parameter 
Tempe 

pH 

Sperm Cell Fertilization Test-Proportion Fertilized 
Test ID: VCF0907214 Sample ID: CAOOOOOO 
Lab ID: CAABC Sample Type: EFF1-POTW 
Protocol: EPA/600/R Test Species: SP-Strongylocentrotus purpuratus 

Auxiliary Data Summary 
·Mean Min Max SO CV% 

15.10 15.00 15.20 0.14 2.49 
15.20' 15.20 15.20 0.00 0.00 
15.00 15.00 15.00 0.00 0.00 
15.15 15.00 15.30 0.21 3.04 
15.15 15.00 15.30 0.21 3.04 
15.20 15.00 15.40 0.28 3.50 
15.20 15.00 15.40 0.28 3.50 
~ro 7~ 1~ ~oo om 

N 
2 
1 
1 
2 
2 
2 
2 
2 N Control 

6.5 
6.25 
12.5 

25 
50 

100 

--------------.. ----7~7o---7:7o---no··--n:·oo-··n~oo - -r·-· 

N Control 
6.5 

6.25 
12.5 

25 
50 

100 
N Control 

6.5 
6.25 
12.5 

25 
50 

'100 

Page3 

DO mg/L 

~alinity ppt 

7.70 7.70 7.70 0.00 0.00 
7.70 7.70 7.70 0.00 -0.00 
7.70 7.70 7.70 0.00 0.00 
7.70 7.70 7.70 0.00 0.00 
7.70 7.70 7.70 0.00 0.00 
6.10 5.90 6.30 0.28 8.72 
6.30 6.30 6.30 0.00 0.00 
6.10 6.10 6.10 0.00 0.00 
6.10 6.00 6.20 0.14 6.16 
6.20 6.00 6.40 0.28 8.58 
6.20 5.90 6.50 0.42 10.51 
6.25 6.00 6.50 0.35 9.51 

34.00 34.00 34.00 0.00 0.00 
34.00 34.00 34.00 0.00 0.00 
34.00 ' 34.00 34.00 0.00 0.00 
34.00 34.00 34.00 0.00 0.00 
34.00 34.00 34.00 0.00 0.00 
34.00 34.00 34.00 0.00 0.00 
34.00 34.00 34.00 0.00 0.00 
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October 17, 2007 

Mr. Arnie Anselm 
Ventura County Watershed ProtectionDistrict 
800 South Victoria Ave 

-Ventura, CA 93009 

Dear Mr. Anselm: 

We are pleased to present the enclosed revised. bioassay report The test was conducted 
under guideline~ prescribed in Short-Term Methods for Measuring the Chronic Toxicity 
of Effluents and Receiving W ~ers to West Coast Marine and Estuarine Organisms, EPA-
600/R95/136, 1995. Results were as follows: 

CLIENT: 
SAMPLE I.D.: 
DATE RECENED: 
ABC LAB. NO.: 

County of Ventura 
ME-SCR 
22Sept-07 
VCF0907.213 

CllRONJC SEA URCHIN ).fERTILIZATION :tliOASSAY 

Yours very truly, 

. -<.._____ .. 
Thomas. (Tim) Mikel 
Laboratory Director 

NOEC 
TUc = 

IC25 = 
·Jcso = 

100.00% 
1.00 

>100.00% 
>lOO.OO% 

29 NORTH OLIVE STREET, VENTURA CA 93001 • (805) 643-562~ 
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Start Date: 9/24/2007 
End Date: 9/24/2007 
Sample Date: 9/22/2007 
Comments: ME-SCR 

Cone-% 1 
N Control 1.0000 

6.25 1.0000 
12.5 1.0000 

25 1.0000 
50 1.0000 

100 1.0000 

Cone-% Mean 
N Control 1.0000 

6.25 1.0000 
12.5 1.0000 

25 1.0000 
50 1.0000 

100 1.0000 

Auxilia!Y Tests 

2 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

N-Mean 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

Sperm Cell Fertilization Test-Proportion Fertilized 
Test ID: VCF0907213 Sample ID: CAOOOOOO 
Lab ID: CAABC Sample Type: EFF1-POTW 
Protocol: EPA/600/R Test Species: SP-Strongylocentrotus purpuratus 

3 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

4 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

Transform: Arcsin Sguare Root 
Mean Min Max CV% N 
1.5208 1.5208 1.5208 0.000 4 
1.5208 1.5208 1.5208 0.000 4 
1.5208 1.5208 1.5208 0.000 4 
1.5208 1.5208 1.5208 0.000 4 
1.5208 1.5208 1.5208 0.000 4 
1.5208 1.5208 1.5208 0.000 4 

Statistic 

Rank 1-Tailed Isotonic 
Sum Critical Mean N-Mean 

1.0000 1.0000 
18.00 10.00 1.0000 1.0000 
18.00 10.00 1.0000 1.0000 
18.00 10.00 1.0000 1.0000 
18.00 10.00 1.0000 1.0000 
18.00 10.00 1.0000 1.0000 

Critical· Skew Kurt 
Shapiro-Wilk's Test indicates normal distribution (p> 0.01) 1 0.884 
Eguali~ of variance cannot be confirmed 
Hxpothesis Test (1-tail, 0.05} NOEC LOEC ChV TU 
Steel's Many-One Rank Test 100 >100 1 
Treatments vs N Control 

Linear Interpolation (200 Resamples) 
Point % so 95% CL(Exp} Skew 
IC05 >100 
IC10 >100 
IC15 >100 1.0 
IC20 >100 

0.9 
IC25 >100 
IC40 >100 0.8 

JC50 >100 0.7 

~ 0.6 
c 
&. 0.5 

~ 0.4 

0.3 

0.2 

0.1 

0.0 
0 50 100 150 

Dose% 
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Start Date: 
End Date: 
Sample Date: 
Comments: 

Page2 

9/24/2007 
9/24/2007 
9/22/2007 
ME-SCR 

0.9 

0.8 , 
Jl 0.7 

i 0.6 
l.L. 
c 0.5 
0 

~ 0.4 
c. 
E o.3 
0. 

0.2 

0.1 

0 
-e c 
0 
(.) 

z 

Sperm Cell Fertilization Test-Proportion Fertilized 
Test ID: VCF0907213 Sample ID: CAOOOOOO 
Lab ID: CAABC Sample Type: EFF1-POTW 
Protocol: EPN600/R Test Species: SP-Strongy!ocentrotus purpuratus 

Dose-Response Plot 

10 10 10 0 0 
N c-.j N IO 0 
cci ..... 
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Sperm Cell Fertilization Test-Proportion Fertilized 
Start Date: 9/24/2007 Test ID: VCF0907213 Sample ID: CAOOOOOO 
End Date: 9/24/2007 LabiD: CMBC Sample Type: EFF1-POTW 
Sample Date: 9/22/2007 Protocol: EPN600/R Test Species: SP-Strongy!ocentrotus purpuratus 
Comments: ME-SCR 

Auxilia!}: Data Summa!}: 
Cone-% Parameter Mean Min Max so CV% N 

N Control Tempe 15.10 15.00 15.20 0.14 2.49 2 
6.5 15.20 15.20 15.20 0.00 0.00 1 

6.25 15.00 15:00 15.00 0.00 0.00 1 
12.5 15.10 15.00 15.20 0.14 2.49 2 

25 15.10 15.00 15.20 0.14 2.49 2 
50 15.10 15.00 15.20 0.14 2.49 2 

100 15.10 15.00 15.20 0.14 2.49 2 
N Control pH 7.70 7.70 7.70 0.00 0.00 2 

6.5 7.70 7.70 7.70 0.00 0.00 1 
6.25 7.70 7.70 7.70 0.00 0.00 1 
12.5 7.70 7.70 7.70 0.00 0.00 2 

25 7.70 7.70 7.70 0.00 0.00 2 
50 7.70 7.70 7.70 0.00 0.00 2 

100 7.70 7.70 7.70 0.00 0.00 2 
N Control DOmg/L 6.10 5.90 6.30 0.28 8.72 2 

6.5 6.70 6.70 6.70 0.00 0.00 1 
6.25 6.10 6.10 6.10 0.00 0.00 1 
12.5 6.30 6.10 6.50 0.28 8.44 2 

25 6.20 6.00 6.40 0.28 8.58 2 
50 6.10 5.90 6.30 0.28 8.72 2 

100 6.10 5.90 6.30 0.28 8.72 2 
N Control Salinity ppt 34.00 34.00 34.00 0.00 0.00 2 

6.5 34.00 34.00 34.00 0.00 0.00 1 
6.25 34.00 34.00 34.00 0.00 0.00 1 
12.5 34.00 34.00 34.00 0.00 0.00 2 

25 34.00 34.00 34.00 0.00 0.00 2 
50 34.00 34.00 34.00 0.00 0.00 2 

100 34.00 34.00 34.00 0.00 0.00 2 

Page3 · ToxCalc v5.0.23 Reviewed by: t:""'--
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TOXICITY TESTING • OCEANOGRAPHIC RESEARCH 

. October 17, 2007 

Mr, Arnie Anselm 
Ventura County Watershed Protection District 
800 South Victori~ Avenue 
Ventura, CA 93009 

Dear Mr. Anselm: 

We are pleased to present the enclosed revised bioassay report. The test was conducted 
under guidelines prescribed in Methods for Measuring the Acute Toxicity of Effluents 
and Receiving Waters to Freshwater and Marine Organisms, EPA-821-R-02-012. 
Results were as follows: 

CLIENT: 
SAMPLE I.D.: 
DATE RECEIVED: 
ABC LAB. NO.: 

Ventura County Watershed Protection District 
W -4 R,evol<::m 
22 Sept- 07 
VCF0907.218 

ACUTE CERlO])AP~IA S{]RVIV AL BI()ASSAY 

Yours very truly, 

.~....._______ 

Thomas (Tim) Mikel -
Laboratory Director 

Survival = 65 % Survival in 100% Sample 
TU (a) = · 0.91 
LC50 = > 100.00 % 

29 NORTH OLIVE STREET, VENTURA, CA 93001 • (805) 643-5621 
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Start Date: 9/22/2007 
End Date: 9/26/2007 
Sample Date: 9/22/2007 
Comments: W-4 Revolon 

Cone-% 1 2 
N Control 1.0000 1.0000 

6.25 1.0000 1.0000 
12.5 1.0000 1.0000 

25 1.0000 1.0000 
so i".oooo 1 .oooo 

100 0.2000 0.6000 

Cone-% Mean N-Mean 
N Control 1.0000 1.0000 

'6.25 1.0000 1.0000 
12.5 1.0000 1.0000 

25 1.0000 1.0000 
50 0.9000 0.9000 

100 0.6500 0.6500 

Auxilia!); Tests 

Ceriodaphnia Survival and Reproduction Test-96 Hr Survival 
Test ID: VCF0907218 Sample ID: CAOOOOOOO 
Lab ID: CAABC Sample Type: EFF1-POTW 
Protocol: EPAA 85-EPA Acute Test Species: CD-Ceriodaphnia dubia 

3 
1.0000 
1.0000 
1.0000 
1.0000 
0.8000 
0.8000 

4 
1.0000 
1.0000 
1.0000 
1.0000 
0.8000 
1.0000 

Transfonn: Arcsin Sguare Root 
Mean Min Max CV% N 
1.3453 1.3453 1.3453 0.000 4 
1.3453 1.3453 1.3453 0.000 4 
1.3453 1.3453 1.3453 0.000 4 
1.3453 1.3453 '1.3453 0.000 4 
1.2262 1.1071 1.3453 11.212 4 
0.9505 0.4636 1.3453 39.437 4 

Statistic 

Rank 1-Tailed Isotonic 
Sum Critical Mean N-Mean 

1.0000 1.0000 
18.00 10.00 1.0000 1.0000 
18.00 10.00 1.0000 1.0000 
18.00 10.00 1.0000 1.0000 
14.00 10.00 0.9000 0.9000 
12.00 10.00 0.6500 0.6500 

Critical Skew Kurt 
Shapiro-Wilk's Test indicates non-nonnal distribution {p <= 0.01) 0.70751 0.884 -0.7963 7.25985 
Equalit~ of variance cannot be confinned 
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU 
steel's Many-One Rank Test 100 >100 1 
Treatments vs N Control 

linear Interpolation (200 Resamples) 
Point % so 95%CL{Exp) Skew 
IC05 37.500 
!C10 50.000 
IC15 60.000 1.0 
!C20 70.000 

0.9 
IC25 80.000 
IC40 >100 0.8 

IC50 >100 0.7 

~ 0.6 
c 
8. 0.5 
II) 

~ 0.4 

0.3 

0.2 

0.1 

0.0 
0 100 15Q 

Dds-e·% 
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Start Date: 
End Date: 
Sample Date: 
Comments: 

Page2 

912212007 
9/26/2007 
9/22/2007 
W-4 Revolon 

(; 
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Ceriodaphnia Survival and Reproduction Test~96 Hr Survival 
Test ID: VCF0907218 Sample ID: CAOOOOOOO 
Lab ID: CAABC Sample Type: EFF1-POTW 
Protocol: EPAA 85-EPA Acute Test Species: CD-Ceriodaphnia dubia 

Dose-Response Plot 
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e 
'E 
0 
() 

z 

10 
N 
cO 

10 
N 

0 
10 

ToxCatc v5.D.23 

A009365 

g 

Reviewed by: __ 



Ceriodaphnia Survival and Reproduction Test-96 Hr Survival 
Start Date: 9/2.2/2007 Test ID: VCF0907218 Sample ID: CAOOOOOOO 
End Date: 9/26/2007 Lab lD: CAABC Sample Type: EFF1-POTW 
Sample Date: 9/22/2007 Protocol: EPAA 85-EPA Acute Test Species: CD-Ceriodaphnia dubia 
Comments: W-4 Revolon 

Auxilia!1 Data Summa!1 
Cone-% Parameter Mean Min Max so CV% N 

N Control Tempe 24.00 24.00 24.00 0.00 0.00 3 
6.25 24.00 24.00 24.00 0.00 0.00 3 
12.5 24.00 24.00 24.00 0.00 0.00 3 

25 24.00 24.00 24.00 0.00 0.00 3 
50 24.00 24.00 24.00 0.00 0.00 3 

100 24.00 24.00 24.00 0.00 0.00 3 
N Control pH 8.23 8.20. 8.30 0.06 2.92 3 

6.25 8.23 8.20 8.30 0.06 2.92 3 
12.5 8.23 8.20 8.30 0.06 2.92 3 

25 8.20 8.20 8.20 0.00 0.00 3 
50 8.10 8.10 8.10 0.00 0.00 3 

100 8.07 8.00 8.10 0.06 2.98 3 
N Control DOmg/L 6.73 6.30 7.50 0.67 12.12 3 

6.25 6.77 6.00 8.10 1.16 15.91 3 
12.5 6.70 5.90 8.00 1.14 15.91 3 

25 6.70 5.90 8.00 1.14 15.91 3 
50 6.73 6.10 8.00 1.10 15.55 3 

100 6.70 6.10 7.90 1.04 15.22 3 
N Control Hardness mg/L 93.00 90.00 95.00 2.65 1.75 3. 

6.25 0.00 0.00 0.00 0.00 0 
12.5 0.00 0.00 0.00 0.00 0 

25 0.00 0.00 0.00 0.00 0 
50 0.00 0.00 0.00 0.00 0 

100 250.00 250.00 250.00 0.00 0.00 3 
N Control Al~alinitymg/L 65.00 61.00 69.00 4.00 . 3.08 3 

6.25 0.00 0.00 0.00 0.00 0 
12.5 0.00 0.00 0.00 0.00 0 

25 0.00 0.00 0.00 0.00 0 
50 0.00 0.00 0.00 0.00 0 

100 190.00 190.00 190.00 0.00 0.00 3 
N Control Conductivity 360.67 341.00 371.00 17.04 1.14 3 

6.25 593.00 591.00 597.00 3.46 0.31 3 
12.5 747.00 7~1.00 755.00 7.21 0.36 3 

25 1081.33 1080.00 1083.00 1.53 0.11 3 
50 1744.00 1740.00 1751.00 6.08 0.14 3 

100 2929.00 2919.00 2937.00 9.17 0.10 3 
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TOXICITY TESTING • OCEANOGRAPHIC RESEARCH 

C:a;R.QNlC SEA. URC:mN FERTILIZATlON ~JQASSAY 

DATE: 24 September- 07 

STANDARD TOXICANT: Copper Chloride 

NOEC = 56.00 uWt 

IC25 == 88.81 ug/1 
IC50 =· 138.52 uWJ 

Yours very truly, 

~-. 
Thomas (Tim) Mikel 
Laboratory Director 

29 NORTH OLIVE "STREET; VENTURA, CA 93001 • (805) 643-5621 
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Sperm Cell Fertilization Test-Proportion Fertilized 
Start Date: 9/24/2007 Test ID: URC092407 Sample ID: REF-Ref Toxicant 
End Date: 9/24/2007 Lab ID: ABC LABORA Sample Type: CUCL-Copper chloride 
Sample Date: 9/24/2007 Protocol: EPN600/R Test Species: SP-Strongylocentrotus purpuratus 
Comments: Standard Toxicant 

Conc-ug/L 1 2 
Control 1.0000 0.9000 

18 0.9100 0.9600 
32 0.9600 0.8600 
56 0.9200 0.8600 

100 0.6400 0.6100 
180 0.8800 0.0900 

3 
0.9200 
0.9200 
0.9400 
0.9600 
0.8700 
0.1200 

4 
0.9400 
0.9500 
0.9400 
0.9300 
0.4100 
0.0900 

Transform: Arcsin Sguare Root 
Conc-u~/L Mean N-Mean Mean Min Max CV% N 

control 0.9400 1.0000 1.3443 1.2490 1.5208 9.038 4 
18 0.9350 0.9947 1.3162 1.2661 1.3694 3.728 4 
32 0.9250 0.9840 1.3008 1.1873 1.3694 6.054 4 
56 0.9175 0.9761 1.~860 1.1873 1.3694 5.853 4 

*100 0.6325 0.6729 0.9301 0.6949 1.2019 42.412 4 
"'180 0.2950 0.3138 0.5450 0.3047 1.2171 82.306 4 

Auxilia!1 Tests Statistic 
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.01) 0.82227 
Bartlett's Test indicates unegual variances (p = 3.16E-03} 17.8355 
H}!pothesis Test ~1-tail, 0.05) NOEC L.OEC ChV TU MSDu 
'Duhnett•s·Test 56 100 74.8331 0.25956 
Treatments vs Control 

t-stat 

0.186 
0.288 
0.386 
2.742 
5.292 

MSDp 
0.27335 

Linear Interpolation (200 Resamples) 
Point ug/L so 95% CL.{Exp) Skew 
IC05 59.78 10.04 0.36 71.95 -2.1803 
IC10 67.04 5.86 54.80 94.79 1.6224 
JC15 74.29 1.0 
JC20 81.55 

0.9 
IC25 88.81 
IC40 116.24 0.8 

IC50 138.52 0.7 

:ll 0.6 
c 8. 0.5 

~ 0.4 

0.3 

0.2 

0.1 

0.0 

0 50 
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1-Tailed Isotonic 
Critical MSD Mean N-Mean 

0.9400 1.0000 
2.410 0.3640 0.9350 0.9947 
2.410 0.3640 0.9250 0.9840 
2.410 0.3640 0.9175 0.9761 
2.410 0.3640 0.6325 0.6729 
2.410 0.3640 0.2950 0.3138 

Critical Skew Kurt 
0.884 1.9591 6.39287 

15.0863 
MSB MSE F-Prob df 

0.41255 0.04562 1.9E-04 5, 18 

100 150 200 

Dose ug/L. 
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Sperm Cell Fertilization Test-Proportion Fertilized 
Start Date: 9/24/2007 Test 10: URC092407 Sample ID: REF-RefToxicant 
End Date: 9/24/2007 Lab lD: ABC LABORA Sample Type: CUCL-Copper chloride 
Sample Date: 9/24/2007 Protocol: EPA/600/R Test Species: SP-Strongylocentrotus purpuratus 
Comments: Standard Toxicant 

Page2 
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Sperm Cell Fertilization Test~Proportion Fertilized 
Start Date: 9/24/2007 Test ID: URC092407 Sample 10: REF-RefToxicant 
End Date: 9/24/2007 Lab ID: ABC lABORA Sample Type: CUCL-Copper chloride 
Sample Date: 9/24/2007 Protocol: EPA/600/R Test Species: SP-Strongylocentrotus purpuratus 
Comments: Standard Toxicant 

Conc-ug/L 
Control 

18 
32 
56 

100 
180 

Control 
18 
32 
56 

100 
180 

Control 
18 
32 
56 

100 
180 

Control 
18 
32 
56 

100 
180 
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Parameter 
Tempe 

pH 

Diss Oxygen 

Salinity ppt 

Mean 
15.10 
15.10 
15.10 
15.10 
15.15 
15.15 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
6.10 
6.45 
6.50 
6.40 
6.20 
6.15 

34.00 
34.00 
34.00 
34.00 
34.00 
34.00 

Auxiliary Data summary 
Min Max SO CV% 
15.00 15.20 0.14 2.49 
15.00 15.20 0.14 2.49 
15.00 15.20 0.14 2.49 
15.00 15.20 0.14 2.49 
15.00 15.30 0.21 3.04 
15.00 15.30 0.21 3.04 
7.70 7.70 0.00 0.00 
7.70 7.70 0.00 0.00 
7.70 7.70 0.00 0.00 
7.70 7.70 0.00 0.00 
7.70 7.70 0.00 0.00 
7.70 7.70 0.00 0.00 
5.90 6.30 0.28 8.72 
5.90 7.00 0.78 13.67 
6.1 0 6.90 0.57 11.57 
6.00 6.80 0.57 11.75 
5.90 6.50 0.42 10.51 
5.80 6.50 0.49 11.44 

34.00 34.00 0.00 0.00 
34.00 34.00 0.00 0.00 
34.00 34.00 0.00 0.00 
34.00 34.00 0.00 0.00 
34.00 34.00 . 0.00 0.00 . 
34.00 34.00 0.00 0.00 

ToxCalc v5.0.23 

N 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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LABORATORIES, INC. 

TOXICITY TESTING • OCEANOGRAPHIC RESEARCH 

CHRONIC CERIODAPHNIA SURVIVAL AND REPRODUCTION BIOASSAY 

DATE: 5 September - 07 

STANDARD TOXICANT: Copper Chloride 

ENDPOINT: SURVIVAL 

NOEC=. 

IC25= 
IC50= 

10.00 ug/1 

10.71 ug/1 
14.29 ug/1 

ENDPOINT: REPRODUCTION 

NOEC.= 5.00 ug/1 

IC25= 
IC50= 

. 7.30 ug/1 
10.72 ug/1 

Yours very truly, 

~-----
Thomas (Tim) Mikel 
Laboratory Director · 

29 NORTH OLIVE STREET; VENTURA. CA 93001 • (805) 643-5621 
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Ceriodaphnia Survival and Reproduction Test-7 Day Survival 
Start Date: 9/5/2007 Test ID: CER090507 Sample ID: CAOOOOOOO 
End Date: 9/12/2007 Lab ID: CAABC Sample Type: CUCL-Copper chloride 
Sample Date: 9/5/2007 Protocol: EPAF 91-EPA Freshwater Test Species: CD-Ceriodaphnia dubia 
Comments: Standard Toxicant 

Conc-ug/L 1 2 
N Control 1.0000 1.0000 

3 1.0000 1.0000 
5 1.0000 1.0000 

10 0.0000 0.0000 
20 0.0000 0.0000 
30 0.0000 0.0000 

3 
1.0000 
1.0000 
1.0000 
1.0000 
0.0000 
0.0000 

4 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
0.0000 

5 
1.0000 
1.0000 
1.0000 
1.0000 
0.0000 
0.0000 

6 
1.0000 
1.0000 
1.0000 
1.0000 
0.0000 
0.0000 

7 
1.0000 
1.0000 
1.0000 
1.0000 
0.0000 
0.0000 

8 
1.0000 
1.0000 
1.0000 
1.0000 
0.0000 
0.0000 

·9 
1.0000 
1.0000 
1.0000 
1.0000 
0.0000 
0.0000 

10 
1.0000 
1.0000 
1.0000 
1.0000 
0:0000 
0.0000 

Not Fisher's 1-Tailed Isotonic 
Conc·ua/L Mean N-Mean 

N Control 1.0000 1.0000 
3 1.0000 1.0000 
5 1.0000 1.0000 

10 0.8000 0.8000 
*20 0.1000 .0.1000 
30 0.0000 0.0000 

Hypothesis Test (1-tail, 0.05) 
Fisher's Exact Test 
Treatments vs N Control 

Point 
l_C05 
IC10 
IC15 
IC20 
IC25 
IC40 
IC50 

Page 1 

ug/L 
6.250 
7.500 
8.750 

10.000 
10.714 
12.857 
14.286 

so 
1.429 
1.691 
1.558 
1.466 
1.421 
1.348 
1.287 

Rese Resp Total N ExactP Critical Mean N-Mean 
0 10 10 10 1.0000 1.0000 
0 10 10 10 1.0000 0.0500 1.0000 1.0000 
0 10 10 10 1.0000 0.0500 1.0000 1.0000 
2 8 10 10 0.2368 0.0500 0.8000 0.8000 
9 1 10 10 0.0001 0.0500 0.1000 0.1000 
10 0 10 10 0.0000 0.0000 

NOEC LOEC ChV TU 
10 20 14.1421 

Linear lnhlrpolation (200 Resamples) 
95%CL Skew 

5.625 10.625 1.4289 
6.250 11.250 0.1024 
6.875 11.875 -0.1222 
7.500 12.500 -0.4560 
8.125 13.125 -0.5313 

10.000 15.000 -0.7351 
11.667 16.667 -0.5811 
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Ceriodaphnia Survival and Reproduction Test-7 Day Survival 
Start Date: 9/5/2007 Test ID: CER090507 · Sample 10: CAOODOOOO 
End Date: 9/12/2007 Lab 10: CAABC Sample Type: CUCL-Copper chloride 
Sample Date: 9/5/2007 Protocol: EPAF 91-EPA Freshwater Test Species: CD-Ceriodaphnia dubia 
Comments: Standard Toxicant 

Dose-Response Plot 
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Ceriodaphnia Survival and Reproduction Test-Reproduction 
Start Date: 9/5/2007 Test ID: CER090507 Sample ID: CAOOOOOOO 
End Date: 9/12/2007 LabiD: CAABC Sample Type: CUCL-Copper chloride 
Sample Date: 9/5/2007 Protocol: EPAF 91-EPA Freshwater Test Species: CD-Ceriodaphnia dubia 
Comments: Standard Toxicant 

Conc-ugfL 1 2 3 4 5 6 7 8 9 10 
N Control 33.000 36.000 35.000 26.000 31.000 23.000 29.000 29.000 30.000 21.000 

3 25.000 28.000 29.000 28.000 22.000 27.000 30.000 30.000 35.000 29.000 
5 28.000 24.000 32.000 34.000 32.000 38.000 29.000 15.000 24.000 17.000 

10 0.000 0.000 20.000 23.000 23.000 19.000 16.000 19.000 25.000 12.000 
20 0.000 0.000 0.000 11.000 0.000 0.000 0.000 0.000 0.000 0.000 
30 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Transform: Untransformed 1-Talled Isotonic 
Conc-u~fL Mean N-Mean Mean Min Max CV"/o N t-Stat Critical MSD Mean N-Mean 

N Control 29.300 1.0000 29.300 21.000 36.000 16.646 10 29.300 1.0000 
3 28.300 0.9659 28.300 22.000 35.000 12.018 10 0.369 2.223 6.027 28.300 0.9659 
5 27.300 0.9317 27.300 15.000 38.000 26.920 10 0.738 2.223 6.027 27.300 0.9317 

*10 15.700 0.5358 15.700 0.000 25.000 57.760 10 5.017 2.223 6.027 15.700 0.5358 
*20 1.100 0.0375 1.100 0.000 11.000 316.228 10 10.403 2.223 6.027 1.100 0.0375 
30 0.000 0.0000 0.000 0.000 0.000 0.000 10 0.000 0.0000 

Auxilia~ Tests Statistic Critical Skew Kurt 
Shapiro-Wilk's Test indicates normal distribution (p > 0.01) 0.93728 . 0.93 -0.7243 1.04174 
Bartlett's Test indicates equal variances (p = 0.01) 13.0119 13.2767 
H~pothesis Test (1-tail, 0.05} NOEC LOEC ChV TU MSDu MSDp MSB MSE F-Prob df 
Dunnett's Test 5 10 7.07107 6.02683 0.20569 1459.48 36.74 3.2E-14 4,45 
Treatments vs N Control 

Linear Interpolation (200 Resamples) 
Point u~fL so 95%CL Skew 
IC05 3.930 1.572 1.156 5.638 -0.0968 
·IC10 5.401 1.272 2.312 6.297 -0.5083 
IC15 6.032 1.053 3.401 6.972 -0.3758 1.0 
IC20 6.664 1.032 4.363 7.631· 0.0560 

0.9 
IC25 7.295 1.050 4.871 8.923 0.1363 
IC40 9.190 1.124 7.510 11.551. 0.4894 0.8 

IC50 10.719 1.305 8.682 13.056 0.0998 0.7 

:g 0.6 
s:: 8. 0.5 
II) 

&! 0.4 

0.3 

0.2 

0.1 

0.0 
0 10 20 30 40 

Doseug/L 
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Start Date: 
End Date: 
Sample Date: 
Comments: · 

Page2 

Ceriodaphnia Survival and Reproduction Test-Reproduction 
9/5/2007 . Test ID: CER090507 Sample ID: CAOOOOOOO 
9/12/2007 Lab ID: CAABC Sample Type: CUCL-Copper chloride 
9/5/2007 Protocol: EPAF 91-EPA Freshwater Test Species: CD-Ceriodaphnia dubia 
Standard Toxicant 

Dose-Response Plot 

40~---------------------------------------, 

35 
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Ceriodaphnia Survival and Reproduction Test-Reproduction 
Start Date: 9/5/2007 TestiD: CER090507 Sample ID: CAOOOOOOO 
End Date: 9/12/2007 Lab ID: CAABC Sample Type: CUCL-Copper chloride 
Sample Date: 9/5/2007 Protocol: EPAF 91-EPA Freshwater Test Species: CD-Ceriodaphnia dubia 
Comments: Standard Toxicant 

Auxiliarx Data Summarx 
Conc-ug!L Parameter Mean Min Max so CV% N 

N Control Tempe 24.48 24.00 25.80 0.70 3.42 8 
3 24.48 24.00 25.80 0.70 3.42 8 
5 24.48 24.00 25.80 0.70 3.42 8 

10 24.48 24.00 25.80 0.70 3.42 8 
20 24.48 .24.00 25.80 0.70 3.42 8 
30 24.48 24.00 25.80 0.70 3.42 8 

N Control pH 8.29 8.20 8.30 0.04 2.27 8 
3 8.23 7.80 8.30 0.18 5.09 8 
5 8.21 7.80 8.30 0.17 5.06 8 

10 8.21 7.80 8.30 0.17 5.06 8 
20 8.21 7.80 8.30 0.17 5.06 8 
30 8.21 7;80 8.30 0.17 5.06 8 

N Control DO mg/L 7.26 5.80 7.70 0.61 10.79 8 
3 6.89 6.20 7.60 0.48 10.08 8 
5 6.86 6.30 7.50 0.40 9.25 8 

10 6.88 6.30 7.50 0.39 9.11 8 
20 6.86 6.20 7.50 0.40 9.25 8 
30 6.88 6.20 7.50 0.40 9.19 8 

N Control Hardness mg/L 93.88 92.00 95.00 1.55 1.33 8 
3 0.00 0.00 0.00 0.00 0 
5 0.00 0.00 0.00 0.00 0 

10 0.00 0.00 0.00 0.00 0 
20 0.00 0.00 0.00 0.00 0 
30 94.00 94.00 94.00 0.00 0.00 8 

N Control Cond umhos 346.75 338.00 359.00 6.30 0.72 8 
3 346.88 341.00 357.00 5.33 0.67 8 
5 338.25 337.00 341.00 1.39 0.35 8 

10 336.63 333.00 341.00 2.45 0.46 8 
20 336.25 334.00 338.00 1.75 0.39 8 
30 335.63 331.00 338.00 2.20 0.44 8 

N Control Alkalinity mg!L 63.13 60.00 68.00 3.31 2.88 8 
3 0.00 0.00 0.00 0.00 0 
5 0.00 0.00 0.00 0.00 0 

10 0.00 0.00 0.00 0.00 0 
20 0.00 0.00 0.00 ' 0.00 0 
30 68.00 68.00 68.00 o~oo 0.00 8 
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Ventura CountyWatershed Protection District 
NPDES Stormwater Monitoing Program 

Grab Toxicity Samples -ABC 

CHAIN-OF-CUSTODY RECORD ____ 1 __ 0F __ 1 __ _ 

CLIENT: Ventura County Watershed Protection District 

SAMPLING DATE: 
SAMPLERS: 

SAMPLE INFORMATION FOR GRAB SAMPLES 

SAMPLE 

ID 

Signature 

Printed Name 

Affiliation 

Printed Name 

Affiliation 

· DATE/TIME 

Received By: 

-;R 
16 0 

0 
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0 16 
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Miscellaneous Notes (Hazardous Materials, Quick tum-around time, etc.): 

EVENT #1 (Wet) 

1. Mass Emmission: No TIE for Chronic Samples. 

NOTES 

2. Land Use: Run TIE if Tua (Acute) is >1 for any wet or dry weather event. 
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5. Sample Collection 

Sampling conducted by the Stonnwater Monitoring Program during the 2006/07 monitoring season consisted of 
the capturing of the first flush stonn event in Ventura County on December 9, 2006, followed by the monitoring 
of two mid-season storms on January 27, 2007 and February 22, 2007. A late season storm was captured on 
April 20, 2007. Stonn event sampling cdteria contained in the NPDES permit specify that not more than 0.1 
inch ofrain shall occur during the 72 hours preceding a mc;mitored event. Stonns are selected for monitoring 
based on the antecedent conditions (72-hmrr dry period), f11lfillment of the dry period, and predicted 
precipitation. The two dry weather events were monitored on May 15,2007 and Jtme 12,2007. Dry weather 
events are monitored when there has been at least a 72-hour antecedent dry period without measurable rainfall 
(< 0.01 inches). 

At the Calleguas Creek (ME-CC) and Ventura River (ME-VR2) sites automated composite samplers are 
programmed to collect flow-proportional samples based on water volume passing by the station during wet 
weather monitoring. The flow volume necessary to trigger sample collection is detennined based on the 
predicted amount of precipitation over a specific period of time and the estimated volume of runoff from the 
watershed. These values are based on 60 years ofhistoiic precipitation data used to develop nmofftables 
included in the Standard Operating Procedures. Samples at ME-SCR are-collected on a time-paced basis during 
wet weather monitoring because flow-proportional compositing is not possible due to the diversion of Santa 
Clara River water by the United Water Conservation District. The Stormwater Monitoiing Program has 
installed a flow gauge in the diversion channel to monitor flow diverted to infiltration ponds during dry weather, 
as well as a flow meter on top of the Freeman Diversion Dam to measure flow during wet weather. Time-paced 
composite samples were collected at the Land Use (A-1) and Receiving Water (W-3, W-4) sites. Receiving 
Water site W -4 collects samples on a time interval basis because sample to volume {runoff) tables. are not 
available. Only aquatic toxicity grab samples were collected at the Ortega Street (I-2) and Swan Street (R-1) 
Land Use sites during Event 1 (12/9/06) because the Stormwater Monitoring Program had already satisfied its 
NPDES permit condition stating that these two Land Use sites must be monitored a minimum of three times per 
pennit tenn with respect to the collection of water chemistry samples. However, the Stormwater Monitoring 
Program is still under a regulatory obligation to collect aquatic toxicity grab samples at these sites in order to 
amass baseline toxicity information related to land use discharges. 

The Santa Clara River (ME-SCR), Wood Road (A-1), and both Receiving Water (La Vista, W-3, and Revolon 
Slough, W-4) monitoring sites have hard line phone and electrical connections and refrigerated sampling units. 
The Ventura River (ME-VR2) site also possesses an elecuical. com1ection and refrigerated sampling unit, but 
communication with the sampling equipment is made possible via a cellular phone connection. The Calleguas 
Creek (ME-CC) station possesses a cellular phone connection and runs on solar/battery power. The Ortega 
Street (I-2) and Swan Street (R-1) Land Use sites do not possess phone or power com1ections, and utilize 
portable refrigerated samplers for sample collection. Automated data logging is available at all sites, while 
tipping bucket rain gauges are installed at all sites except for I-2 and R-1. Additionally, all sites except for I-2 
and R-1 can be remotely accessed via telemetry, including the area velocity flow meter installed in the 
infllu·ation channel at ME-SCR. 

The sampling methods and sample handling procedures used during the 2006/07 monitoring year are based on 
EPA Method 1669 and are described in the revised Ventura Countywide Stormwater Monitoring Program: 
f!Vater Quality Monitoring Standard Operating Procedures 2000-2005 Stornnvater Monitoring (LWA, 2001)
a document also refen-ed to as the Land Use and Receiving PVater Guide. The sampling methods and sample 
.handling procedw-es employed at Mass Emission monitoring sites are also based on EPA Method 1669 and are 
described in Ventura Countywide Stonnwater Monitoring Program: Mass Emission Stations Water Qualfty 
Monitoring Standard Operating Procedures 2000-2005 (VCWPD, 2003)- a document also refen-ed to as the 
Mass Emission Guide. The parameters required to be monitored by the Stonnwater Monitoring Program are 
described as a part ofNPDES Permit No. CAS004002 Section No. CL 7388. The Stormwater Monitming 
Program produces an e11ent sample matrix for each event prior to its monitoring as a means of documenting the 
specific envirollll1ental and QA/QC samples to be collected at any givenmonitoring.site for a particular event, 
.as well as the specific sample container to be used when collecting a4certain sample. All event sample matrices 
associated with the 2006/07 monitoring season are presented in Appendix C. 
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At Mass Emission, Receiving Water, and Land Use sites, both composite and grab samples are collected. 
Composite samples are collected in glass containers and then delivered to the lab where they are split by 
pouring off with a tipper. When the splitting of a composite sample is performed, the composite sample is 
continually rocked in a sample-pouring stand to provide as much "non-invasive" mixing as possible. Sample 
splitting allows homogeneous aliquots of a single, large water sample to be divided into several smaller samples 
for the purpose of delivering these smaller volumes of water to individual analytical laboratories as necessary, 
The volume of sample collected depends upon the volume required by the lab to perform requested water 
quality and QA/QC analyses. 

Figure 20: Grab Sample Collection using EPA Sampling Protocols 

In an effort to maintain quality control for the sampling program, the sampling crew, in cooperation with the 
analytical laboratories, has minimized the number of laboratories and sample bottles used for analysis. This has 
minimized bottle breakage, increased efficiency, and reduced the chances for contamination of the samples. 
Also, a dedicated monitoring team is used to provide consistent sample collection and handling. Remote access 
capability at all but two Land Use monitoring sites (I-2 and R-1) also provides data-on-demand which allows 
immediate onsite evaluation of stream conditions. 

For constituents analyzed from samples required to be collected as "grabs", samples are ideally taken at the 
peak runoff flow to provide the best estimate for an event mean concentration (EMC). In practice it is difficult 
to both predict the peak flow and to allocate manpower such that all sites are grab-sampled at the storm event 
peak flow. It should be noted that peak flow times vary for each monitoring station due to the size and inherent 
characteristics of the watershed in which the site is located. All grab and composite wet weather samples 

. collected during the 2006/07 monitoring season are considered best available estimates of storm EMCs. During 
dry weather, time-paced composite samples are collected at each site over a 24 to 48-hour period. Dry weather 
grab samples are collected during this composite sample period. Table 7 summarizes the samples collected at 
each of the monitoring locations during the 2006/07 monitoring season. It should be noted that no composite 
sample was analyzed for the ME-CC station during Event 2 (1/27/07) because the 20-L bottle inside the sampler 
was broken and the water sample lost. 

As a means of documenting all preparatory, operational, observational, and concluding activities of a 
monitoring event, the Stormwater Monitoring Program produces an event summw} for each monitoring event it 
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conducts. These event summaries include, but are not limited to information related to event duration, predicted 
and actual precipitation, weather conditions, the programming of sampling equipment, equipment malfunctions, 
sample collection and han(iling, and sample tracking with respect to delivery to an analytical laboratory. All 
event sununaries· associated with the 2006/07 monitoring season are presented in Appendix D. 

12/9/06 CGT T T CGT CGT CGT CGT CGT 
2 1/27/07 *GT CGT CGT 
3 2/22/07 CGT CGT CGT 
4 4/20/07 CG CG CG 
5 5/15/07 CGT CGT CGT 
6 6/12/07 CG CG CG 

Notes: 
"G" indicates that a grab sample was collected. "T' indicates that toxicity samples were collected. 
"C" indicates that a composite sample was collected. "-" indicates that no sample was collected. 
"*" No composite sample was taken at ME-CC during Event 2 because the 20-L bottle inside the sampler was broken and the water 
sample lost. 

In addition to documenting the water quality samples scheduled for collection during an event through the 
generation of an event sample matrix, the Storm water Monitoring Program also documents the actual samples it 
collects- and their date and time of collection- during the course of an event by completing a chain of custody 
(COC) form for each sampling event conducted at a monitoring site. The COC form not only documents 
sample collection, but also notifies an analytical laboratory that a particular sample should be analyzed for a 
certain constituent or group of constituents, oftentimes specifying the analytical method to be employed. 
Finally, the COC form acts as an evidentiary document noting how many samples were relinquished- and at 
what date and time- to a particular laboratory by the Storm water Monitoring Program. All chain of custody 
forms associated with the 2006/07 monitoring season are presented in Appendix E. 
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For the analysis of wet weather (stonn) data (Events 1- 4), the Basin Plan objectives and the acute, freshwater 
objectives in the California Toxics Rule (CTR) were used. For some constituents, the California Toxics Rule 
does not contain acute objectives. In these cases, the California Toxics Rule Human Health (Organisms Only) 
objectives were used in the wet weather comparisons. The CTR Human Health (Organisms Only) objectives 
were used here because these constituents have no other objectives for comparison. These objectives were used 
even though they are based on long-term risks to human health that cannot be directly correlated to stormwater 
discharges. CTR chronic criteria were not used for wet weather analyses because acute criteria better reflect the 
short-term storm event exposure experienced by organisms, as compared to the long-term exposure considered 
by chronic criteria. 

For the analysis of dry weather data (Events 5 and 6), the Basin Plan objectives and the chronic, freshwater 
objectives in the CTR were used. For some constituents, the CTR does not contain chronic objectives. In these 
cases, the CTR Human Health (Organisms Only) objectives were used in the dry weather comparisons. The 
CTR Human Health (Organisms Only) objectives were used here because these constituents have no other 
objectives for comparison. 

Objectives in the CTR for metals are calculated based on the hardness of the water in which metals 
concentrations are being evaluated. This analysis used the hardness value measured at a particular site during a 
particular monitoring event for calculating a cert·ain metals objective, except when the measured hardness was 
greater than 400 mg/L. The CTR sets a hardness cap of 400 mg/L for calculating the objectives, so any 
measured hardness value above 400 mg/L was set equal to 400 mg/L for the purposes of the calculation. 

Table 57 through Table 59 present water quality objective exceedances at Mass Emission stations based on an 
analysis of the 2006/07 wet weather and dry weather stormwater monitoring data. Table 60 through Table 62 
show water quality objective exceedances at the Mass Emission stations during dry weather monitoring events. 
Table 63 and Table 64 present water quality objective exceedances detected at Receiving Water sites W-3 and 
W-4, respectively, based on an analysis of the Event 1 wet weather monitoring data collected at these locations. 

Table' 57: Water Quality Objective Exceedances at Mass Emission Site ME-CC Observed 
Durin Wet Weather Monitori Events 

~~~~~~~~~~~~~~~~~ 

700 2400 1400 400 

35.3401 14.0783 4 5.9" 

0.049" 

Blank cells denote no exceedance of a water quality objective. 
"""- CTR Human Health objective for consumption of organisms only. 
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Table 58: Water Quality Objective Exceedances at Mass Emission Site ME-VR2 Observed 
During Wet Weather Monitoring Events 

1467 4611 598 235 

500 1100 11000 9000 400 

1123 1000 

6.7482 ' 4.4671 5.4605 4 

0.0013 0.00077" 
0.1902 0.00084" 
0.6~56 0.00059" 

Blank cells denote no exceedance of a water quality objective. 
"""- CTR Human Health objective for consumption of organisms only. 

Table 59: Water Quality Objective Exceedances at Mass Emission Site ME-SCR Observed 
Wet Weather Man Events 

~~~ ~~~~~~~~~~~~~~~~~rrn~~ 

17.7682 4 

Blank cells denote no exceedance of a water quality objective. 
"""- CTR Human Health objective for consumption of organisms only. 

860 850 

5.7094 3.5941 4 
0.0148 0.00059 

Blank cells denote no exceedance of a water quality objective. 
"""- CTR Human Health objective for consumption of organisms only. 
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Table 61: Water Quality Objective Exceedances at Mass Emission Site ME-VR2 Observed 
Weather Monitorin Events 

Blank cells denote no exceedance of a water quality objective. 
"A"- CTR Human Health objective for consumption of organisms only. 

Table 62: Water Quality Objective Exceedances at Mass Emission Site ME-SCR Observed 
Weather Monitorin Events 

~~~~~~~~~~~~ 

Blank cells denote no exceedance of a water quality objective. 
"A"- CTR Human Health objectiVe for consumption of organisms only. 

Table 63: Water Quality Objective Exceedances at Receiving Water Site W-3 
Observed Durin Wet Weather Monitorin Event 

~~~~~~~~~~ 

Blank cells denote no exceedance of a water quality objective. 
"A"- CTR Human Health objective for consumption of organisms only. 
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Table 64: Water Quality Objective Exceedances at Receiving Water Site W-4 
Observed During Wet Weather Monitoring Event 

Bacteriolo!=)ical Fecal Coliform (MPN/1 00 ml) 7000 400 
Conventional Total Dissolved Solids (mQ/L) 2099. 500 
Metal Aluminum- Total 4116 1000 
Metal Mercurv- Total 0.0522 0.051" 
Nutrient Nitrate as N ·- 52.04 10 
OrQanic Benzo(a anthracene 0.3281 0.049" 
Omanic Benzo(a)pyrene · 0.5126 0.049" 
Organic Benzo(b fluoranthene 0.7874 0.049" 
Organic Benzo(k fluoranthene 0.5702 0.049" 
OrQanic Bis(2-ethylhexyl)phthalate 22.2727 4 5.9" 
OrQanic Chrysene 1.227 4 0.049" 
Organic Dibenz(a,h)anthracene 0.1282 0.049" 
Organic Hexachlorobenzene 0.0093 0.00077" 
Organic lndeno(1 ,2,3-cd)pyrene 0.6393 0.049" 
Pesticide 4,4'-DDD 0.994 0.00084" 

(:--Pesticide 4,4'-DDE ·6.1746 
· Blank cells denote no exceedance of a water quality objective. 

0.00059" 

"""- CTR Human Health objective for consumption of organisms only. 

Land Use Discharge Analvsis 

In order to assess whether or not discharges from the stormwater system are contributing to the exceedances of 
objectives identified in the receiving waters, Land User discharge data were analyzed in the same manner as the 
Mass Emission and Receiving Water data. \__ 

The 2006/07 monitoring data from the Agricultural Land Use station A-1 were compared to the Basin Plan and 
California Taxies Ru1e objectives previously described. Although the Stonnwater Monitoring Program's· Land 
Use stations are not always located in each of the watersheds for which Receiving Water samples are collected, 
the sites were chosen to provide representative data to be used to describe the water quality of discharges from 
urban and agricultural areas in Ventura County. As a result, for this analysis, the Land Use objective 
exceedances are compared to the receiving water objectives exceedances in all watersheds even if they are not 
specifically located in that watershed. This comparison allows the Stormwater Monitoring Program to 
determine whether certain land use types may be contributing to the objectives exceedances in receiving waters. 

Table 65 presents water quality objective exceedances at agricultural Land Use site A-1 based on an analysis of 
the wet weather stormwater monitoring data collected there during Event 1. 

Table 65: Water Quality Objective Exceedances at Agricultural Land Use Site A-1 
Observed Wet Weather Monitorin Events 

Blank cells denote no exceedance of a water quality objective. 
"""- CTR Human Health objective for consumption of organisms only. 
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Potential Problematic Constituents 

A review of Table 57 through Table 65 provides the following observations with respect to potential 
problematic constituents measured in wet weather runoff. 

Anion 

Chloride concentrations above Basin Plan objectives were observed at the Mass Emission sites during both wet 
and dry monitoring events. Two exceedances at the ME-CC station occurred during dry weather Events 5 and 
6, while four exceedances at the ME-VR2 site occurred during the four monitored wet weather events. Site 
ME-SCR had exceedances during both wet (Eventl) and dry (Events 5 and 6) monitoring events. Chloride was 
not observed at concentrations greater than site-specific Basin Plan objectives for most monitoring events of the 
2006/07 season. Chloride was included in the Stormwater Monitoring Program's 2002/03 Pollutant of Concern 
(POC) Prioritization List, but was not ultimately included in the top-ranked POC list presented in the 2002/03 
Annual Monitoring Report. The Stormwater Monitoring Program will continue to evaluate chloride at Mass 
Emission and Receiving Water monitoring sites as a means of assessing any future trends exhibited by this 
pollutant. 

Bacteriological 

All Receiving Water and Mass Emission sites recorded concentrations greater than water quality objectives for 
E. coli and/or Fecal Coliform during one or more wet weather events. Likewise, runoff from the A-1 
agricultural Land Use site exceeded the 235 MPN/100 mL Basin Plan objective for E. coli .. Dry weather 
monitoring at the three Mass Emission sites revealed no E. coli or Fecal Coliform concentrations exceeding 
their respective Basin Plan objectives. Consistent with previous pollutant of concern identification efforts by 
the Ventura Countywide Stormwater Quality Program (presented most recently in the 2002/03 Annual 
Monitoring Report) bacteria pose a potential problem for water quality protection and warrant special 
consideration by the Program. 

Conventionals 

Mass Emission stations ME-VR2 and ME-SCR, Receiving Water sites W-3 and W-4, and the agricultural Lind 
/ Use site A-1 showed total dissolved solids concentrations during one or more wet weather events above Basin 

Plan objectives. A single dry weather exceedance above the Basin Plan site-specific objective for total 
dissolved solids was observed at Mass Emission site ME-CC. Total dissolved solids was included in the 
Stormwater Monitoring Program's 2002/03 Pollutant of Concern (PO C) Prioritization List, but was not 
ultimately included in the top-ranked POC list contained in the 2002/03 Annual Monitoring Report. The 
Stormwater Monitoring Program will continue to evaluate total dissolved solids at its monitoring sites as a 
means of augmenting its database arid tracking site-specific and seasonal trends in observed Basin Plan 
exceedances for this water quality parameter. 

Metals 

All Mass Emission, Receiving Water and Land Use sites monitored during wet weather events, with the 
exception ofME-VR2, showed concentrations of total aluminum in excess ofBasin Plan water quality 
objectives during one or more events. This is the fourth year that aluminum has been monitored by the 
Stormwater Monitoring Program, and the fourth time that a comparison to Basi.J.1 Plan objectives has revealed 
exceedances for total aluminum. It should be noted that aluminum is found as a ubiquitous natural element in 
sediments throughout Ventura County geology. Mass Emission station ME-CC also recorded concentrations of 
total mercury above the 0.051 ).Lg/L CTR Human Health water quality objective during wet weather Event 1, 
while ME-SCR possessed total cadmium levels above the 5 ).Lg/L Basin Plan objective during wet weather 
Event 3. Dry weather monitoring revealed two exceedance of the 5 ).Lg/L CTR freshwater chronic objective for 
total selenium at Mass Emission station ME-SCR. Mass Emission site ME-VR2 recorded no metals 
concentration above water quality objectives during .wet or dry weather events. Both Receiving Water sites 
exhibited exceedances for total mercury above the CTR Human Health water quality standard, in addition to an 
exceedance of the Basin Plan total cadmium objective at La Vista (W:3) .. 
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Nutrients 

Water quality objective exceedances were recorded for nitrate (as nitrogen) at two Receiving Water sites, La 
Vista (W-3) and Revolon Slough (W-4), but not at the agricult11ral Land Use site Wood Road (A-1). Given that 
these Basin Plan exceedances apperu· to be an issue most pertinent to fertilizer use by agriculture, the 
Storm water Monitoring Program will continue to monitor for nutrients at these sites to augment the database. 
Consistent with the most recent POC analysis (see 2002/03 Almual Monitoring Report), the runoff contributions 
of nitrogen compounds will need to be analyzed by the Storm water Management Program in more detail via 
trend analyses, source identification, and potential source controlmeasmes. 

Organics 

Organic compound exceedances observed during 2006/07 wet weather events were limited to the phthalate 
compound, Bis(2-ethylhexyl)phthalate, and various polynuclear aromatic hydrocarbons (PAl-Is). All 
monitoring stations recorded one or more exceedances of the 4 ~tg/L Basin Plan water quality objective for 
Bis(2-ethylhexyl)phthalate, while several sites showed concentrations of the phthalate compound above the 5.9 
~tg/L CTR Human Health objective . Dry weather exceedances of water quality objectives for trace organic 
compounds were limited to Bis(2-ethylhexyl)phthalate exceedances at all Mass Emission sites. As mentioned 
in Section 7, phthalate compounds originating from plastics are present in the envirol1111ent at relatively high 
concentrations. The use of low detection limits achieved by the analytical laboratory employed by the 
Stormwater Monitoring Program to analyze for trace organics has resulted in the measurement of phthalate 
compounds at all monitoring stations in recent years. 

All Mass Emission and Receiving Water sites recorded wet weather concentrations of one or more polynuclear 
aromatic hydrocarbon (P AH) in excess of CTR Human Health water quality objectives. No P AH 
concentrations were observed to exceed CTR Human Health objectives at Mass Emission stations dming dry 
weather monitoring. The presence of individual P AH compounds above CTR objectives at particular 
monitoring sites are listed as follows: 

• Benzo(a)anthracene: ME-SCR, W-4 
• Benzo(a)pyrene: W-3, W-4 
• Benzo(b)fluoranthene: ME-CC, :ME-SCR, W-3, W-4 
• Benzo(k)fluoranthene: ME-CC, W-3, W-4 
• Chrysene: ME-CC, ME-SCR, W-3, W-4 
• Dibenz(a,h)anthracene: W-4 
• Hexachlorobenzene: ME-VR2, W-3, W-4 
• Indeno(l,2,3-cd)pyrene: ME-CC, W-3, W-4 

PAl-Is are found in the combustion products of wood, coal, and intemal combustion engines, and are ubiquitous 
in the envirol1111ent. Wildfrres that burned in the region in recent years could also have served as a source of 
P AH compounds that were measured in water qmility samples. With reference to both phthalates and P AHs, 
the CTR Human Health criteria for which these exceedances were observed were based on long-term exposure 
human health protection. Comparing short-term discharges with the human health criterion is only useful as a 
screening tool and not for assessing the impact of the stormwater discharge on the waterbody and compliance 
with water quality standards. 

Pesticides 

'Pesticide exceedances observed during 2006/07 wet weather events were limited to two DDT-related 
compounds: 4,4'-DDD and 4,4'-DDE. All monitoring stations, except for the Mass Emission site ME-SCR and 
Land Use site A-1, showed one or more exceedances of the CTR Human Health objectives for 4,4'-DDD 
(0.00084 11g/L) and 4,4'-DDE (0.00059 11giL) during wet weather events. Mass Emission station ME-CC 
recorded an exceedance of the CTR Human Health objective for 4,4'-DDE during dry weather Event 6. 

The two DDT -related compounds for which CTR Human Health exc~edances were recorded at Program 
monitoring sites were the legacy pesticides 4,4'- DDD and 4,4' -DDE. These legacy pesticides are associated 
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with Ventura County's extensive fanning history. These compounds are currently being addressed in the 
Calleguas Creek watershed through the implementation of the Calleguas Creek Watershed OC Pesticides and 
PCBs Total Maximum Daily Load (TMDL), adopted by the Los Angeles Regional Water Quality Control 
Board in July 2005. The Ventura Countywide co-permittees located in the Calleguas Creek watershed were 
actively .involved in the TMDL development and are participating in its implementation. Legacy pesticides, 
such as DDT, will be further monitored over the course of the TMDL's implementation phase, and ifhigh 
concentration areas (i.e., "hotspots") of these pesticides are identified, special studies will be implemented to 
address these hotspots. 

Overall Conclusions for 2006/07 Stormwater Monitoring Season 

This report summarizes the events of the 2006/07 monitoring season in which the Stormwater Monitoring 
Program successfully collected and analyzed water quality samples from four wet weather storm events and two 
dry weather events. The Stormwater Monitoring Program subsequently conducted a thorough QAJQC 
evaluation of the environmental and QA/QC results generated from its analysis of water quality samples and 
found the resultant data set to have achieved a 95.8% success rate in meeting program data quality objectives. 
Overall, the four wet weather and two dry weather events monitored during the current season produced a high 
quality data set in terms of the low percentage of qualified data, as well as the low reporting levels achieved by 
all laboratories analyzing the Stormwater Monitoring Program's water quality samples. 

Acute toxicity was observed at Receiving Water sites A-1 (Wood), W-3 (La Vista), and W-4 (Revolon) for the 
samples collected during Event 1. ABC was unable to identify the toxicant(s) for theW -4 sample because the 
sample's toxicity dissipated by the time the TIE was initiated. At the A-1 site, ABC concluded that particulate
associated compounds and non-polar organic compounds contributed to the toxicity observed in the sample. At 
the W-3 site, ABC determined that particulate-associated compounds, non-polar organic compounds, and 
chlorine or other oxidants contributed to the toxicity observed in the sample. 

Chronic toxicity was observed during one wet weather event and one dry weather event at Mass Emission 
stations ME-SCR and ME-VR2. Results from the February 2007 wet event did not trigger TIE initiation 
because two consecutive wet weather samples did not exhibit toxicity. Results from the May .2007 dry event 
triggered a TIE, but the time the baseline test for the TIE was performed, toxicity in both samples was reduced 
and the TIEs were aborted 

The September 2006 BMI survey was preceded by a winter in which slightly more than average rainfall was 
recorded in the watershed. As a result of the unusually large amount of rain during the winter of 2004-05 and 
the above-average winter of2005-06, 14 of the 15 BMI sampling locations had sufficient flow for sample 
collection (as compared to nine sites during the 2004 BMI survey possessing sufficient flow to allow sample 
collection). Physical habitat conditions at the 14 san1pling sites ranged from poor to optimal. The best (highest) 
habitat scores were at locations on the upper main stem of the Ventura River, upper San Antonio Creek and 
Matilija Creek The worst (lowest) scores were at locations on the lower Ventura River and Canada Larga 
Creek Based on the Southern California Index of Biological Integrity (So CA IBI), the aquatic health of the 
Ventura Watershed during 2006 ranged from poor to good. One site on Matilija Creek ranked in the good 
range, while two sites on the Ventura River and one site each on Canada Larga and San Antonio Creek ranked 
in the poor range. The remaining ten sites in the watershed ranked in the fair range. The sites that ranked in the 
poor range were located in areas of the watershed that were impacted by either a large transient human 
population on the Ventura River or was located downstream of an erosion .control project in the vicinity of 
grazing and stables. 
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4. Sample Collection 

Sampling conducted by the Stom1water Monitoring Program during the 2006/07 monitoring season at the 
time of this report consisted of the capt1tring of the first flush stom1 event in Ventura County on 
December 9, 2006, followed by the monitoring of two mid-season stonns on January 27,2007 and 
February 22, 2007. Storm event sampling criteria contained in the NPDES pem1it specify that not more 
than 0.1 inch of rain shall occur during the 72 hours preceding a monitored event. Stom1s are selected 
for monitoring based on the antecedent conditions (72-hour dry period), f1tlfillment of the dry period, and 
predicted precipitation. 

At the Catreguas Creek (ME-CC) and Ventma River (ME-VR2) sites automated composite samplers are 
programmed to collect flow-proportional samples based on water volume passing by the station during 
wet weather monitoring. The flow volume necessary to trigger sample collection is detennined based on 
the predicted amount of precipitation over a specific period of time and the estimated volume of nmoff 
from the watershed. These values are based on 60 years of historic precipitation data used to develop 
runoff tables included in the Standard Operating Procedures. Samples at ME-SCR are collected on a 
time-paced basis during wet weather monitoring because flow-proportional compositing is not possible 
due to the diversion of Santa Clara River water by the United Water Conservation District. The 
Stonnwater Monitoring Program has installed a flow gauge in the diversion chatmel to monitor flow 
diverted to infiltration ponds during dry weather, as well as a flow meter on top of the Freeman Diversion 
Dam to measure flow during wet weather. Time-paced composite samples were collected at the Land 
Use (A-1) and Receiving Water (W-3, W-4) sites. Receiving Water site W-4 collects samples on a time 
interval basis because sample to volume (runoff) tables are not available. Only aquatic toxicity grab 
samples were collected at the Ortega Street (I-2) and Swan Street (R-1) Land Use sites during Event 1 
(12/9/06) because tl1e Stonnwater Monitoring Program had already satisfied its NPDES pennit condition 
stating that these two Land Use sites must be monitored a minimum of tlu·ee times per penn it tem1 witl1 
respect to the collection of water chemisuy samples. However, the Stmmwater Monitoring Program is 
still uncle~· a regulatory obligation to collect aquatic toxicity grab samples at these sites in order to amass 
baseline toxicity information related to land use discharges. 

The Santa Clara River (ME-SCR), Wood Road (A-1), and both Receiving Water (La Vista, W-3, and 
Revolon Slough, W-4) monitoring sites have hard line phone and electrical connections and refrigerated 
sampling units. The Ventura River (ME-VR2) site also possesses an electrical cmmection and 
refrigerated sampling unit, but communication with the sampling equipment is made possible via a 
cellular plione connection. The Calleguas Creek (ME-CC) station possesses a cellular phone cotmection 
and mns on solar/battery power. The Ortega Street (I-2) and Swan Street (R-1) Land Use sites do not 
possess phone or power connections, and utilize portable refrige;rated samplers for sample collection. 
Automated data logging is available at all sites, while tipping bucket rain gauges are installed at all sites 
except for I-2 and R-1. Additionally, all sites except for I-2 and R-1 can be remotely accessed via 
telemetry, including the area velocity flow meter installed in the infiltration channel at ME-SCR. 

The sampling methods and sample handling procedures used during the 2006/07 monitoring year are 
based on EPA Method 1669 and are described in the revised Ventura Countywide Stormwater 
lvfonitoring Program: Water Quality Monitoring Standard Operating Procedures 2000-2005 
Stormwater Monitoring (LW A, 2001)- a document also refened to as the Land Use and Receiving 
Water Guide. The sampling methods and sample handling procedures employed at Mass Emission 
monitoring sites are also based on EPA Method 1669 and are described in Ventura Countywide 
Stormwater lvfonitoring Program: lvfass Emission Stations Water Quality Monitoring Standard 
Operating Procedures 2000-2005 (VCWPD, 2003)- a document also referred to as the Mass Emission 
Guide. The parameters required to be monitored by the Stom1water Monitoring Program are described 
as a part ofNPDES Pem1it No. CAS004002 Section No. CL 7388. The Stonnwater Monitoring Program 
produces an event sample matrix for each event prior to its monitoring as a means of documenting the 
specific envirotm1ental and QA/QC samples to be collected at any given monitoring site for a particular 
event, as well as the specific sample container to be used when collecting a certain sample. All event 
sample matrices associated with the 2006/07 monitoring season are presented in Appendix C. 
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At Mass Emission, Receiving Water, and Land Use sites, both composite and grab samples are collected. 
Composite samples are collected in glass containers and then delivered to the Jab where they are· split by 
pouring off with a tipper. When the splitting of a composite sample is performed, the composite sample 
is contimtally rocked in a sample-pouring stand to provide as much "non-invasive" mixing as possible. 
Sample splitting allows homogeneous aliquots of a single, large water sample to be divided into several 
smaller samples for the puq)ose of delivering these smaller volumes of water· to individual analytical 
laboratories as necessary. The volume of sample collected depends upon the volume reqL~ired by the lab 
to perfonn requested water quality and QA/QC analyses. 

Figure 14: Grab Sample Collection using EPA Sampling Protocols 

In an effort to maintain quality control for the sampling program, the sampling crew, in cooperation with 
the analytical laboratories, has minimized the number oflaboratories and sample bottles used for 
analysis. This has minimized bottle breakage, increased efficiency, and reduced the chances for 
contamination of the samples. Also, a dedicated monitoring team is used to provide consistent sample 
collection and handling. Remote access capability at all but t\vo Land Use monitoring sites (I-2 and R-1) 
also provides data-on-demand which allows immediate onsite evaluation of stream conditions. 

For constituents analyzed from samples required to be collected as "grabs", samples are ideally taken at 
the peak runoff flow to provide the best estimate for an event mean concentration (EMC). In practice it 
is difficult to both predict the peak flow and to allocate manpower such that all sites are grab-sampled at 
the storm event peak flow. It should be noted that peak flow times vary for each monitoring station due 
to the size and inherent characteristics of the watershed in whicb the site is located. All grab and 
composite wet weather samples collected during the 2006/07 monitoring season are considered best 
available estimates of stonn EMCs. Table 6 summarizes the samples collected at eacb of the monitoring 
locations during the 2006/07 monitoring season's wet weathei· events. It should be noted that no 
composite sample was analyzed for the ME-CC station during Event 2 (1/27 /07) because the 20-L bottle 
inside the sampler was broken and the water sample lost. 

As a means of documenting all preparatory, operational, observational, and ~oncluding activities of a 
monitoring event, the Stonmvater 1\·1onitoring Program produces an event summury for each monitoring 
event it conducts. These event summaries include, but are not limited to information related to event 
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duration, predicted and actual precipitation, weather conditions. the programming of sampling 
equipment, equipment malfunctions, sample collection and handling, and sample tracking with respect to 
delivery to an analytical laboratory. All, event summaries associated with the 2006/07 monitoring season 
are presented u1 Appendix D. 

Table 6: 2006/07 Monitoring Event Summary 

2 1/27/07 *GT CGT CGT 
3 2/22/07 CGT CGT CGT 

Notes: 
"G" indicates that a grab sample was collected. "T" indicates that toxicity samples were collected. 
"C'' indicates that a composite sample was collected. "-" indicates that no sample was collected . 
...... No composite sample was taken at ME-CC during Event 2 because the 20-L bottle inside the sampler was broken and the 
water sample lost. 

In addition to documenting the water quality samples scheduled for collection during an event through 
the generation of an event sample matrix, the Stonnwater Monitoring Program also documents the actual 
samples it collects- and their date and time of collection- during the course of an event by completing a 
chain of custody (COC) fonn for each sampling event conducted at a monitoring site. The COC fonnnot 
only documents sample collection, but also notifies an analytical laboratory that a particular sample 
.should be analyzed for a certain constituent or group of constituents, oftentunes specifying the analytical 
method to be employed. Finally; the COC fonn acts as an evidentiary document noting how many 
samples were relinquished - and at what date and time- to a particular laboratory by the Stom1water 
Monitoring Program. All chain of custody fon11s associated with the 2.006/07 monitoring season are 
presented in Appendix E. 
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Table 45: Bacteriological Results from Mass Emission Site ME-CC 
.. : · · :constituent:, . 

I· •. , ;:_: ~ MPN/1 00 mf · 
E. Coli 

Enterococcus 
Fecal Coliform 
Total Coliform 

Fecal Coliform 
Total Coliform 

Aquatic Toxicitv Results 

·>>·•. ·,. . Event·.ti> 
........ · 1.2/9!06:: ' 

15,531 
1,650 

24,000 
307,600 

203 
41 
500 

1,789 

. :E¥ent2_~'.··t· .. Eyent:a .. 
•·· .. :.1127107'~"'., I :::2/22/0l.' 

2,481 3,448 
4,060 11,840 
700 2,400 

261,300 290,900 

1 ,013 11 ,840 
1,100 11,000 

17,329 19,890 

Samples for acute and chronic aquatic toxicity testing were collected during two wet weather events 
(December 2006 and January 2007). Results for acute and chronic toxicity tests for samples collected at 
the Land Use, Receiving Water, and Mass Emission monito1ing stations are summarized in Table 48 and 
Table 49. Full results are available in Appendix N. 

Acute Toxicity 

Acute toxicity testing was performed using Ceriodaphnia dubia as the test species. Results for acute 
toxicity are reported as the LC50, which is the concentration of sample that produces death in 50% of test 
organisms exposed. Since the concentration of pollutants is unknown in environmental samples, 
concentration is measured as a dilution percentage of the original sample, with 100% equal to the 
undiluted sample. An LC50 concentration, or dilution percentage, reported as less than 100% indicates 
that the undiluted sample caused >50% mortality to exposed test organisms and required dilution to 
achieve LC50. An LC50 dilution result of greater than 100% indicates that the sample would have to be 
more concentrated than it was at the time of sample collection to achieve the LC50. Results are also 
reported in units ofTUa5

, which the analyzing laboratory calculated using the following equation from 
the California Ocean Plan6

: 

TUa = log(100-S) 
1.7 

where: S =percent survival in 100% sample. If S > 99, TUa shall be reported as zero. 

5 Historically, acute toxicity has been calculated using the following equation: TUa = l 00/LC50 

6 California Ocean Plan. State Water Resources Control Board. 2005. 
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Acute toxicity (as demonstrated by a TUa > 1.0) was observed at Receiving Water sites A-1 (Wood). W -3 
(La Vista), and W-4 (Revolon) for the ~;amples collected during Event 1, as shovvn in Table 4g. These 
~;ites are all in agriculture-dominated watersheds. In C\ccordance with pem1it requirements, a TIE was 
initiated for each of these sites. The toxicity testing laboratory, Aquatic Bioassay & Con:,;ulting 
Laboratories, Inc. (ABC), was unable to identify the toxicant(s) for the W-4 (Revolon) sample because 
the sample's toxicity dissipated by the time the TIE was initiated. for that sample, ABC concluded that 
"the toxicant was most likely as:,;ociated with volatile compound(s)." It is noteworthy that common 
environmental mechanisms other than volatilization may be causing degradation or loss of toxicant(s) 
over time, including photochemical (light) reactions, chemical reactions (oxidation/reduction, hydrolysis, 
etc.) or biochemical (microbial) transformations. 

Table 48: Acute Toxicity Results from Land Use and Receiving Water Sites 
Percent Acute Ceriodaphnia Survival 

Station 
Sample Survival 

Date in 100% LC50- Dilution % TVa 
Sample, 

A-1 12/9/06 0% 7.10% 14.08 
1-2 12/9/06 100% >100% 0.00 
R-1 12/9/06 95% >100% 0.41 
W-3 12/9/06 0% 36.11% 2.77 
W-4 12/9/06 0% 36.21% 2.76 

The toX:ic signal persisted in the samples collected at A-1 (Wood) and W-3 (La Vista)·, enabling the 
laboratory to conduct Phase I TIEs for these sites following sample manipulation and testing procedures 
prescribed in Methods for Aquatic Toxicity Identification Evaluations, Phase I Toxicity Characterization 
Procedures (Second Edition), EP A/600/6-91/003. Results for the TIEs are as follows: 

• A-1 (Wood): Particle removal and C 18 extraction reduced sample toxicity, whereas piperonyl 
butoxide (PBO), EDT A and sodium thiosulfate addition did not. The analyzing laboratory therefore 
concluded that pmticulate-associated compounds and non-polar organic compounds contributed to 
the toxicity observed in the A-1 (Wood) sample. 

e W-3 (La Vista): Pmticle removal, Cl8 extraction and sodium thiosulfate addition reduced sample 
toxicity, whereas piperonyl butoxide (PBO) and EDTA addition did not. The analyzing laboratory 
therefore concluded that pmticulate-associated compounds, non-polar organic compounds, and 
chlorine or other oxidants contributed to the toxicity observed in the W-3 (La Vista) sample. EPA's 
Phase I TIE manual states the following ·with regard to the sodium thiosulfate manipulation: 
"However, this oxidant reduction test does not simply affect chlmine toxicity. Also neutralized in 
this test are other chemicals used in disinfection (such as ozone, and chlorine dioxide), chemicals 
formed during chlorination (such as mono and dichloramines), broinine, iodine, manganous ions, 
and some electrophile organic chemicals ... thiosulfate can also be a chelating agent for some cationic 
metals. Consequently, reductions in effluent toxicity observed with this test may be due to the 
formation of metal complexes with the thiosulfate anion." 

Chronic Toxicity 

Chronic toxicity tests are perfon11ed using Purple Sea Urchin (Strongylocentrotus ]JUI]JUratus) as the test 
species. Results are reported in several ways: the IC50 is the sample concentration, or dilution 
percentage, at which an inhibitory response- in this case, lack of fertilization- is observed in 50% of the 
exposed test organisms. The NOEC is the concentration of sample at which there exists no observable 
effect on test organisms. A11 IC50 dilution or NOEC dilution repmted as greatl'lr than 100% indicates 
that the sample would have to be more concentrated than it was at the time of sample collection to 
achieve the indicated effect. Results are also reported in units ofTUc, which is calculated as I 00 divided 
by theNOEC. 

The NPDES pennit specifies that a TIE must be initiated if two consecutive wet weather samples (or a 
single dry weather sample) exhibit toxicity; however, a numeric trigger for chronic toxicity is not 
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specified in the permit. For the purposes of the Storm water Monitoring Program, a numeric chronic 
toxicity trigger of TU c > 1. 0 was selected. 

While chronic toxicity was not detected in any wet-weather samples collected at Mass Emission stations, 
several difficulties were encountered during the 2006/07 monitoring season. According to the NPDES 
permit, these tests are to be performed on water quality samples gathered during the first two wet
weather sampling events. However, while water quality samples were gathered in the field during Event 
1 (grab sample date- 12/9/06), the sea urchins that were to be used for the tests failed to spawn. 
Therefore, ABC was unable to proceed with the testing. A make-up sample was collected during Event 3 
(grab sample date - 2/22/07). 

Furthermore, due to miscommunication between VCWPD staff and ABC during Event 2, concentrations 
of greater than 70% were not run. This resulted in toxicity units reported as less than 1.43, but without 
resolution on whether or not the toxicity units were below 1.0. ABC performed a statistical analysis and 
determined these samples to be not statistically different than the control, thereby rendering a TIE 
unnecessary. Results of the testing are summarized in Table 49. ABC Laboratory's toxicity testing 
reports from the 2006/07 monitoring season are provided in Appendix N. 

>70% 70% :S1.43 
ME-CC 2/22/07 >100% 100% 1.00 
ME-SCR 1/27/07 >70% 70% :S1.43 
ME-SCR 2/22/07 >100% 50% 2.00 
ME-VR2 1/27/07 >70% 70% :S1.43 
ME-VR2 2/22/07 >100% 50% 2.00 

Dry weather monitoring for chronic toxicity is scheduled to be conducted later in the current monitoring 
season, and results from those tests will be reported in the October 2007 Annual Monitoring Report. 
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For this analysis of wet weather (storm) data, the Basin Plan objectives, the acute. freshwater objectives 
in the Califomia Taxies Rule (CTR), and the 2005 Califomia Ocean Plan (Ocean Plan) daily maximum 
objectives were used. For some constituents, the Califomia Taxies Rule does not contain acute 
objectives. In these cases, the California Taxies Rule Human Health (Organisms Only) objectives were 
used in the wet weather comparison. The CTR Human Health (Organisms Only) objectives were used 
here because these constituents have no other objectives for comparison. These objectives were used 
even though they are based on long-tem1 risks to human health that cmmot be directly conelated to 
stmmwater discharges. CTR chronic criteria were not used for wet weather analyses because acute 
criteria better reflect the short-term st01111 event exposure experienced by organisms, as compared to the 
long-term exposure considered by chronic criteria. With respect to the Ocean Plan, a 30-clay Average 
objective (for protection of human health) was used when a Daily Maximum objective was not provided 
for a particular constituent. Objectives in the CTR for metals are calculated based on the hardness of the 
water. This analysis used the hardness value measured at a particular site during a particular monitoring 
event for calculating a certain metals objective, except when the measured hardness was greater than 400 
mg/L. The CTR sets a hardness cap of 400 mg/L for calculating the objectives, so any measured 
hardness value above 400 mg/L was set equal to 400 mg/L for the purposes of the calculation. 

Table 52 tlu·ough Table 56 present water quality objective exceedances at Mass Emission and Receiving 
Water stations based on an analysis of the 2006/07 wet weather stom1water monitoring data. 

Table 52: Water Quality Objective Exceedances at Mass Emission Site ME-CC 
'"' Ocean 

C/assific Constituent (in pg!L except Event 1 .Event 2 . Event3 
Basin· 

Plan CTRFW Plan 
ation where 'noted) 12/9/06 . 1/27/07 . 2122/07 Obj. Daily Obj. 

.. Max 
Bacterial E. Coli (MPN/1 00 ml) 15531 2481 3448 235 oQical 
Bacterial Enterococcus (MPN/100 ml) 1650 4060 11840 104 OQical 
Bacterial Fecal Coliform (MPN/100 ml) 24000 700 2400 400 400 ogical 
Bacterial Total Coliform (MPN/100 ml) 307600 261300 290900 10000 ogical 
Metal Aluminum- Total 2466 1349 1000 
Metal Copper - Total 21.2 13.2 12 
Metal Mercury- Total 0.08288 0.051" 
Metal Zinc- Total 90.8 80 
Organic Benzo(b )fluoranthene 0.0582 0.0521 0.049" 
Organic Benzo(k)f\uoranthene 0.0582 0.049" 
Organic Bis(2-ethylhexyl)phthalate 35.3401 4 3.5 5.9" 
Organic Chrysene 0.0569 0.0544 0.049" 
Organic lndeno( 1 ,2,3-cd)pyrene 0.0542 0.049" 
Organic PAHs 0.4636 0.3463 0.0088 
Pesticide 4,4'-DDD 0.0287 0.0142 0.00084" 
Pesticide 4,4'-DDE 0.1059 0.0783 0.00059" 
Pesticide Chlordane 0.007 0.0069 0.000023 
Pesticide DDT 0.1456 0.1001 0.00017 
Blank cells denote no exceedance of a water quality obJeCtive. 
"""- CTR Human Health objective for consumption of organisms only. 
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Table 53: Water Quality Objectives Exceedances at Mass Emission Site ME-VR2 

Anion Chloride 256.02 123.195 62.92 60 
Bacterial E. Coli (MPN/100 mL) 
o(:Jical 

1467 4611 235 

Bacterial Enterococcus (MPN/1 00 ml) 
oqical 

1013 11840 104 

Bacterial Fecal Coliform (MPN/1 00 ml) 
ogical 

500 1100 11000 400 400 

Bacterial Total Coliform (MPN/1 00 ml) 
oqical 

17329 19890 10000 

Conventi Total Dissolved Solids 
anal 

1123 1000 

OrQanic Bis(2-ethylhexyl)phthalate 6.7482 4.4671 4 3.5. 5.9A 
Organic Hexachlorobenzene 0.0013 0.00021 0.0007711 

Organic PAHs 0.1925 0.0088 
Pesticide 4,4'-DDD 0.1902 0.00084A 
Pesticide 4,4'-DDE 0.6256 0.00059A 

Pesticide Chlordane 0.0165 
0.00002 

3 
Pesticide DDT 1.1047 0.00017 
Blank cells denote no exceedance of a water quality objective. 
"11"- CTR Human Health objective for consumption of organisms only. 

Enterococcus (MPN/1 00 ml) 1124 478 344 104 

Total Coliform (MPN/1 00 mL) 72700 27550 57940 10000 

31448 1320 1300 

Blank cells denote no exceedance of a water quality objective. 
"A"- CTR Human Health objective for consumption of organisms only. 
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Table 55· Water Quality Objective Exceedances for Receiving Water Site W-3 

Basin Ocean 

Classification Constituent (in pg/L except Event1 Plan Plan CTRFW 
where noted) 12/9/06 Obj. Daily Obj. 

Max 
Bacteriological E. Coli{_MPN/100 ml) 54750 235 
Bacteriological Enterococcus JMPN/1 00 mll 6570 104 I 
Bacteriological Total Coliform (MPN/100 ml)_ 307600 10000 
Conventional Total Dissolved Solids 567 500 
Metal Aluminum- Total 5036 1000 
Metal Cadmium- Total 6 5 4 I 
Metal Copper- Total 37.5 12 
Metal Mercury- Total 0.58311 0.16 0.051 11 

Metal Nicl<el- Total 67.3 20 
Metal Zinc- Total 237.7 80 

I 
Nutrient Nitrate as N 53.49 10 
Organic Benzo(a )pyrene 0.0674 . ·- 0.04911 

Organic Benzo{b )fluoranthene 0.0678 0.04911 

OrQanic Benzo(l<)fluoranthene 0.0601 0.04911 

OrQanic Bis(2-ethylhexyl)phthalate 16.7484 4 3.5 5.9 11 

OrQanic Chrysene 0.1383 0.049 11 

Organic Hexachlorobenzene 0.0039 0.00021 0.00077 11 

Organic lndeno(1 ,2,3-cd).QYrene 0.0539 0.04911 

OrQanic PAHs 0.7227 0.0088 
Pesticide 4,4'-DDD 0.5489 0.0008411 

Pesticide 4,4'-DDE 3.046 0.0005911 

Pesticide Chlordane 0.0637 0.000023 
Pesticide DDT 4.2919 0.00017 
Blank cells denote no exceedance of a water quality objective. 
" 11"- CTR Human Health objective for consumption of organisms only. 

Table 56: Water Quality Objective Exceedances for Receiving Water Site W-4 
.. 

" 
.. Ocean 

,Constituent(in.~g/L except Event 1 Basin Phm: CTR F.W 
Classification Plan· . wh~r7 noted) . .12/9/06 

pbj., 
Daily Obj. .. :. : 
Max" ··,. '<• .,· .... ,_:.> ·.' 

Bacteriological E. Coli (MPN/100 mll 3654 .235 
Bacteriological Fecal Coliform (MPN/100 ml) 7000 400 400 
Bacteriological Total Coliform (MPN/1 00 ml) 138500 10000 
Conventional Total Dissolved Solids 2099 500 
Metal Aluminum- Total 4116 1000 
Metal Copper - Total 21.2 12 
Metal Lead- Total 8.67 8 
Metal Mercury- Total 0.0522 0.051 11 

Metal Zinc- Total 112.5 80 
Nutrient Nitrate as N 52.04 10 
Organic Benzo(a)anthracene 0.3281 0.049 11 

Organic Benzo(a)pyrene 0.5126 0.2 0.04911 

Org_anic Benzo(b )fluoranthene 0.7874 0.04911 

Organic Benzo(k)fluoranthene 0.5702 0.04911
• 

Organic Bis(2-ethylhexyl)phthalate 22.2727 4 3.5 5.911 

Organic Chrysene 1.2274 0.049 11 

Organic Dibenz(a,h )anthracene 0.1282 0.049 11 

Organic Hexachlorobenzene 0.0093 0.00021 0.0007711 

Organic lndeno(1 ,2,3·cd)pyrene 0.6393 0.049 11 

Organic PAHs 6.6753 0.0088 
Pesticide 4,4'-DDD 0.994 0.00084 11 

Pesticide 4,4'-DDE 6.1746 0.0005911 

Pesticide Chlordane . 0.4142 0.000023 
Pesticide DDT 7.7757 0.00017 
Blank cells denote no exceedance of a water qual1ty objective. 
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'""'- CTR Human Health objective for consumption of organisms only. 

Land Cse Discharge Analvsis 

In order to assess whether or not discharges from the stom1water system are contributing· to the 
exceedances of objectives identified in the receiving waters, Land User discharge data were analyzed in 
the same manner as the Mass Emission and Receiving Water data. 

The 2006/07 monitoring data fi-om the Agricultural Land Use station A-1 were compared to the Basin 
Plan, California Taxies Rule, and California Ocean Plan objectives previously described. Although the 
Stom1water Monitoring Program's Land Use stations are not always located in each of the watersheds for 
which Receiving Water samples are collected, the sites were chosen to provide representative data to be 
used to describe the water quality of discharges from urban and agricultural areas in Ventura County. As 
a result, for this analysis, the Land Use objective exceedances are compared to the receiving water 
objectives exceedances in all watersheds even if they are not specifically located in that watershed. This 
comparison allows the Storm water Monitoring Program to determine whether certain land use types may 
be contributing to the objectives exceedances in receiving waters. 

Table 57 presents water quality objective exceedances at agricultural Land Use site A-1 based on an 
analysis of the wet weather stom1water monitoring data collected there during Event 1. 

Table 57: Water Quality Objective Exceedances at Agricultural Land Use Site A-1 
Constituent (in .ug!L .. · Event 1 .. Bf1sinP/an · · OceanPian 

., 

··em ~~J/o/Jr·· . Classification . ·. < 
except where noted) . .1219/06 ··. Obj. Daily Max . ··.·. : . ·.·. .·. 

Bacteriological E. Coli 609 235 
Bacteriological· Enterococcus 373 104 
Bacteriological Total Coliform 173290 10000 
Conventional Total Dissolved Solids 2865 500 
Metal Aluminum- Total 3056 1000 
Metal Chromium- Total 8.4 8 
Metal Copper - Total 18.6 12 
Metal Nickel -Total 25.6 20 
Organic Bis(2-ethylhexyl)phthalate 12.0772 4 3.5 5.911 

Organic PAHs 0.0096 0.0088 I 
Blank cells denote no exceedance of a water quality obJeCtive. 
"11"- CTR Human Health objective for consumption of organisms only. 

( 
J 

Potential Problematic Constituents 

A review of Table 52 through Table 57 provides the following obse1)1ations with respect to potential 
problematic constituents measured in wet weather runoff. 

Bacteriological 

All Receiving Water and Mass Emission sites recorded concentrations greater than water quality 
objectives for E. Coli, Enterococcus, Fecal Colifonn, and Total Coliforn1. Likewise, runoff from the A-1 
agricultural Land Use site exceeded bacteriological objectives for these same four bacteria. It should be 
noted that the inclusion of new Enterococcus (104 MPN/100 mL) and Fecal Coliform (400 MPN/100 
mL) objectives in the revised 2005 California Ocean Plan resulted in the recording of these two 
parameters as existing at concentrations above their respective Ocean Plan objective at most monitoring 
locations. Consistent with previous pollutant of concern identification efforts by the Ventura 
Countywide Stom1water Quality Program (presented most recently in the 2002/03 A1mual Monitoring 
Report) bacteria pose a potential problem for water quality protection and warrant special consideration 
by the Program. 
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Con ventionals 

Mass Emission stations ME-VR2 and ME-SCR, Receiving Water sites W-3 and W-4, and the 
agricultural Land Use site A-1 showed total dissolved solids concentrations during wet weather events 
above Basin Plan objectives. Total dissolved solids was included in the StomJwater Monitoring 
Program's 2002/03 Pollutant of Concem (POC) Prioritization List, but was not ultimately included in the 
top-ranked POC list contained in the 2002/03 Annual Monitoring Report. The Stonnwater Monitoring 
Program will continue to evaluate total dissolved solids at its monitoring site!'> as a means of augmenting 
its database and tracking site-specific and seasonal trends in observed Basin Plan exceedances for this 
water quality parameter. 

Metals 

All Mass Emission, Receiving Water and Land Use sites monitored during wet weather events, with the 
exception ofME-VR2, showed concentrations of total aluminum in excess of Basin Plan water quality 
objectives. This is the fourth year that aluminum has been monitored by the Stom1water Monitoring 
Program, and the fourth time that a comparison to Basin Plan objectives has revealed exceedances for 
total aluminum. It should be noted that aluminum is found as a ubiquitous natmal element in sediments 
throughout Ventura County geology. Mass Emission station ME-CC also recorded concentrations of 
copper, mercury, and zinc above water quality objectives, while ME-SCR had cadmium, chromium and 
copper (all total fractions) levels above these objectives. Mass Emission site ME-VR2 recorded no 
metals concentration above water quality objectives. Both Receiving Water sites exhibited exceedances 
for copper, mercury, and zinc (all total fractions) above water quality standards, in addition to 
exceedances for total cadmium and total nickel at La Vista (W-3) and total lead at Wood Rd. (W-4). 
Total chromium and copper concentrations measured at the agricultural Land Use site A-1 exceeded their 
respective Ocean Plan Daily Maximum objectives. · 

The Basin Plan total aluminum exceedances notwithstanding, it should be noted that most metals 
exceedances observed du1ing 2006/07 wet weather events were for metals concentrations above Ocean 
Plan objectives, with the exception of CTR mercury exceedances. Consistent with the most recent POC 
analysis (see 2002/03 Almual Monitoring Report), the runoff contributions of copper, lead, and zinc will 
need to be analyzed by the Stonnwater Management Program in more detail via trend analyses, source 
identification, and potential source control measures (see Pollutant of Concem Assessment below). 

Nutrients 

Water quality objective' exceedances were recorded for nitrate at two Receiving Water sites, La Vista 
(W-3) and Revolon Slough (W-4), but not at the agricultural Land Use site Wood Road (A-1). Given 
that these Basin Plan exceedances appear to be an issue most pe1tinent to fertilizer use by agriculture, the 
Storm water Monitoring Program will continue to monitor for nutdents at these sites to augment the 
database. Consistent with the most recent POC analysis (see 2002/03 Annual Monitoring Report), the 
runoff contributions of nitrogen compounds will need to be analyzed by the Stonnwater Management 
Program in more detail via trend analyses, source identification, and potential source control measures 
(see Pollutant of Concem Assessment below). 

Organics 

Organic compound exceedances observed during 2006/07 wet weather events were limited to the 
phthalate compound, Bis(2-ethylhexyl)phthalate, and various polynuclear aromatic hydrocarbons 
(PAHs). All monitoring stations recorded exceedances of the Ocean Plan objective for Bis(2-
ethylhexyl)phthaiate (3.5 ~tg/L), and often also exceeded the Basin Plan (4 ~tg/L) and CTR Human 
Health objectives (5.9 ~tg/L) for this constituent. As mentioned in Section 6, phthalate compounds 
originating from plastics are present in the environment at relatively high concentrations. The use of low 
detection limits achieved by the analytical laboratory employed by the Stonnwater Monitoring Program 
to analyze for trace organics has resulted in the measurement of phthalate compounds at all monitoring 
stations in recent years. 
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All monitoring sites recorded concentrations of polynuclear aromatic hydrocarbons (P i.J-Is) above the . 
Ocean Plan's objective for PA.H compounds8 Additionally, all Mass Emission stations and the 
Receiving Water site W-4 exhibited one or more PA.H compound (see Footnote 8 for list of constituents) 
concentr;tions in excess of CTR Human Health water quality objectives. The presence of individual 
p AH compounds above CTR objectives at particular monitoring sites are listed as follows: 

• Benzo(a)anthracene: W-4 
• Benzo(a)pyrene: W-3, W-4 
• Benzo(b)fluoranthene: ME-CC, W-3, W-4 
• Benzo(k)fluoranthene: ME-CC, W-3, W-4 
• Clrrysene: ME-CC, ME-SCR, W-3, W-4 
• Dibenz(a,h)anthracene: W-4 
• Hexachlorobenzene: ME-VR2, W-3, W-4 
• Indeno(l,2,3-cd)pyrene: W-3, W-4 

P AHs are found in the combustion products of wood, coal, and internal combustion engines, and are 
ubiquitous in the environment. Wildfires that burned in the region in recent years could also have served 
as a source ofP AH compounds that were measured in water quality samples. With reference to both 
phthalates and PAHs, the CTR Human Health criteria for which these exceedances were observed were 
based on long-tern1 exposure human health protection. Comparing short-te1m discharges with the human 
health criterion is only useful as a screening tool and not for assessing the impact of the storm water 
discharge on the waterbody and compliance with water quality standards. 

Pesticides 

Pesticide exceedances observed during 2006/07 wet weather events were limited to Chlordane-related 
compounds9 and two DDT -related compounds: 4,4' -DDD and 4,4' -DDE. The Ocean Plan's Chlordane 
objective was exceeded at the ME-CC station during Event 1, and at the Mass Emission station ME-VR2 
and Receiving Water sites, W-3 and W-4, during Event 1. All monitoring stations, except for the Mass 
Emission sites ME-SCR and Land Use site A-1, showed an exceedance of the Ocean Plan's DDT 
compound10 objective. The two DDT-related compounds for which CTR Human Health exceedances 
were recorded at all monitoring sites possessing detectable DDT concentrations were the legacy 
pesticides 4,4'- DDD and 4,4'-DDE. These legacy pesticides are associated with Ventura County's 
extensive farming history. These compounds are currently being addressed in the Calleguas Creek 
watershed through the implementation of the Calleguas Creek Watershed OC Pesticides and PCBs Total 
Maximum Daily Load (TMDL), adopted by the Los Angeles Regional Water Quality Control Board in 
July 2005. The Ventura Countywide co-permittees located in the Calleguas Creek watershed were 
actively involved in the TMDL development and are pmiicipating in its implementation. Legacy 
pesticides, such as DDT and Chlordane compounds, will be further monitored over the course of the 
TMDL's implementation phase, and ifhigh concentration areas (i.e., "hotspots") of these pesticides are 
identified, special studies will be implemented to address fuese hotspots. 

8 The Califomia Ocean Plan requires that the concentrations of the following individual PAH constituents be 
summed when comparing discharge concentrations to the Ocean Pian's 0.0088 f.lg/L PAH objective: 
Acenaphthylene, Anthracene, Benzo(a)anthracene, Benzo(a)pyrene, Benzo(b)tluoranthene, Benzo(g,h,i)perylene, 
Benzo(k)tluoranthene, Chrysene, Dibenz(a,h)anthracene, Fluorene, lndeno( I ,2,3-cd)pyrene, Phenanthrene, and 
Pyrene. 

9 The California Ocean Plan requires that the concentrations of the following individual Chlordane-related 
compounds oe summed when comparing discharge concentrations to the Ocean Plan's 0.000023 ,ug/L Chlordane 
objective: alpha-Chlordane, alpha-Chlorclene, alpha-Nonacl1lor, Chlordane, gamma-Chlordane, gamma-CI1lordene, 
gamma-Nonachlor, and Oxycl1lordane. 

10 The Califomia Ocean Plan requires that the concentrations of the following individual DDT-related compounds be 
summed when comparing discharge concentrations-Lo the Ocean Plan ·s 0.00017 ~tg/L DDT objective: 2,4' -DOD, 
2,4'-DDE, 2,4'-DDT, 4,4'-DDD, 4,4'-DDE, anci4A'-DDT. 
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Conclusions 

This report summarizes the first three events of the 2006/07 monitoring season in which the Storm water 
Monitoring Program successfully collected and analyzed water quality samples from three wet weather 
stonn events. The Stom1water Monitoring Program subsequently conducted a thorough QA/QC 
evaluation of the environmental and QA/QC results generated from its analysis of water quality samples 
and found the resultant data set to have achieved a 95% success rate in meeting program data quality 
objectives. Overall, the three wet weather events monitored during the ClllTent season produced a high 
quality data set in tem1s of the low percentage of qualified data, as well as the low reporting levels 
achieved by all laboratories analyzing the Stom1water Monitoring Program's water quality samples. 

Data from one wet weather and two dry weather monitoring events remain to be reported for the 2006/07 
monitoring season by the Stom1water Monitoring Program. Water quality samples collected from these 
events will be analyzed and their data evaluated in the same manner as the wet weather samples 
described in this report. The results of the Stom1water Monitoring Program's remaining wet and dry 
weather IllOnitoring activities will be presented in the October 2007 Annual Monitoring Report along 
with the present wet weather monitoring results. 
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5. Sample Collection 

Sampling conducted by the Stormwater Monitoring Program during the 2005/06 monitoring season 
consisted ofthe capturing ofthe first flush storm event in Ventura County on October 17,2005, followed 
by the monitoring of one early-season (November) and two mid-season (February) storms. Storm event 
sampling criteria contained in the NPDES permit specify that not more than 0.1 inch ofrain shall occur 
during the 72 hours preceding a monitored event. Storms are selected for monitoring based on the 
antecedent conditions (72-hour dry period), fulfillment of the dry period, and predicted precipitation. 
The two dry weather events were monitored during the months of May (Event 5) and June (Event 6). 
Dry weather events are monitored when there has been at least a 72-hour antecedent dry period without 
measurable rainfall(< 0.01 inches). 

At the Calleguas Creek (ME-CC) and Ventura River (ME-VR2) sites automated composite samplers are 
programmed to collect flow-proportional samples based on water volume passing by the station during 
wet and dry weather monitoring. The flow volume necessary to trigger sample collection is determined 
based on the predicted amount of precipitation over a specific period oftime and the estimated volume of 

.. nm.oJf_:frQin_fb.Sl.JY..at~rsh~d, .l'h~s.e_y_a,lu.e.s_ar_e_has_ed_on.6_Q_y_ears .. of_historic precipitation data used to 
develop runoff tables included in the Standard Operating Procedures. Samples at ME-SCR are collected 
on a time-paced basis during wet weather monitoring because flow-proportional compositing is not 
possible due to the diversion of Santa Clara River water by the United Water Conservation District. The 
Stormwater Monitoring Program has installed a flow gauge in the diversion channel to monitor flow 
diverted to infiltration ponds during dry weather, as well as a flow meter on top of the Freeman Diversion 
Dam to measure flow during wet weather. Due to the absence of permit requirements specifying the 
collection of flow proportional samples, time-paced composite samples were collected at the Land Use 
(A-1) and Receiving Water (W-3, W-4) sites. Only aquatic toxicity grab samples were collected at the 
Ortega Street (I-2) and Swan Street (R-1) Land Use sites during Event 1 (10117/05) because the 
Stormwater Monitoring Program had already satisfied its NPDES permit condition stating that these two 
Land Use sites must be monitored a minimum of three times per permit term with respect to the 
collection of water chemistry samples. However, the Stormwater Monitoring Program is s~ll under a 
regulatory obligation to collect aquatic toxicity gral:J samples at these sites in order to amass baseline 
toxicity information related to land use discharges. ' 

The Santa Clara River (ME-SCR), Wood Road (A-1), and both Receiving Water (La Vista, W-3, and 
Revolon Slough, W -4) monitoring sites have hard line phone and electrical connections and refrigerated 
sampling units.· The Ventura River (ME-VR2)site illso possesses an electrical connection and 
refrigerated sampling unit, but communication with the sampling equipment is made possible via a 
cellular phone connection. The Cillleguas Creek (11:E~tq station possesses a cellular phone connection 
and runs on solar/battery power. The Ortega Street (I-2) and Swan Street (R~l) Land Use sites do not 
possess phone or power comiections, an4,utl.li.Ze portable refrigerated samplers for sample collection. 
Automated data logging is available atai1s~tes, while tipping bucket rain gauges are installed at all sites 
except for I-2 and R-1. Additionally, allsites.e:l{cepffori-2 and R-1 can be remotely accessed via 
telemetry, including the area velocity flow':ri:iete~~~sta1Ied in the infiltration channel at ME-SCR. 

... . .· ·:.·"""\"';'" ··~,· .,,_, ···:·. 

The sampling methods and sample h~~dling proc~dl.IIes used during the 2005/06 monitoring year are 
based on EPA Method 1669 and are describ'ed ili'tlie·re~rised Ventura Countywide Stormwater 
Monitoring Program: Water Qualii}Moni'i6f{hg_·$t/)ii~lard Operating Procedures 2000-2005 
Stormwater Monitoring (L W A, ~901}-:- a document a~so; referred to as the Land Use and Receiving 
Water SOP. The sampling met~pd~and.saniple handling procedures employed at Mass Emission 
monitoring sites are also based on EJ:lA :N,fe1:1iqd 1669 and are described in Ventura Countywide 
Stormwater Monitoring Program: Ma,ss§irzi'ss,fon Stations Water Quality Monitoring Standard 
Operating Procedures 2000-20g5~,Q{S~_I?; 19g~}:-i ~ dq~illnent also referred to as the Mass Emission 
SOP. The parameters requireq·to'be):JJenitor~d ~y tli~. Stoimwater Monitoring Program are described as 
a part ofNPDES Permit No. CAS004002 ;:>ectiori No. CL 7388. The Stormwater Monitoring Program 
produces an event sample matrix for::~ach,t<:V~~tpqor to its monitoring as a means of documenting the 
specific environmental and QA(Qg sa:mpl~§ to p,e, cqllectec1 at any given monitoring site for a particular 
event, as well as the specific sample container to be used when collecting a certain sample. All event 
sample matrices associated with the 2005/06 monitoring season are presented in Appendix C. 
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sites W-3 and W-4, respectively, based on an analysis of the Event 1 wet weather monitoring data 
collected at these locations. 

Table 57: Water Quality Objective Exceedances at Mass Emission Site ME-CC observed 
during Wet Weather Monitoring Events 

Bacteria- E. coli 
logical (MPN/1 00 mL) 
Bacteria- Fecal Coliform 
logical (MPN/1 00 mL) 
Metal Aluminum -Total 
Metal Mercury- Total 

Organic 

Organic 

Organic 

Organic 

Organic 

Organic 
Pesticide 
Pesticide 

Benzo(a)
anthracene 
Benzo(a)pyrene 
Benzo(b)
fluoranthene 
Benzo(k)
fluoranthene 
Bis(2-ethyl
hexyl)phthalate 
Chrysene 
4,4'-DDD 
4,4'-DDE 

12033 9208 

50000 16000 

1480 4300. 

0.0607 0.0652 
0.0328 
0.136 0.069 

Blank cells denote no exceedance of a water quality objective. 
"h"- CTR Human Health objective for consumption of organisms only. 

2613 327 

5000 

Conven-
tiona! .. ··'.-t,_l,, 

Metal 

Metal "'·· 
Organic 

-~-~· ',: 

1313 10462 235 

1700 30000 400 

5720 12200 1000 
0.0796 0.051 11 

0.0495 0.049 11 

0.0665 0.049 11 

0.0708 0.049 11 

0 .. 0724 0.049 11 

6.3 4 5.911 

0.0894 0.049 11 

0.0205 0.0008411 

0.0891 0.0005911 

11199 235 

17000 400 

1004 1000 

1713 10100 1000 

0.0649 0.051 11 

6.48 :• 4 : 5:9i: . 
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Table 59: Water Quality Objective Exceedances at Mass Emission Site ME-SCR 
observed during Wet Weather Monitoring Events 

Classifi-
Constituent Event 1 Event2 Event3 Event4 

Basin Plan 
CTRFW 

(in JlYIL except 10/17/05 11/9/05 2117106 2127/06 Acute 
cation where noted) Result Result Result Result Objective Objective 

Bacteria- E. coli 256 1722 5794 235 
logical (MPN/1 00 ml) 
Bacteria- Fecal Coliform 900 9000 5000 400 
loqical JMPN/1 00 ml) 

Metal 
Aluminum- 8580 12060 8390 43600 1000 Total 

Metal 
Cadmium- 14.8 5 Total 

Metal Mercury - Total 0.0545 0.0875 0.174 0.051" 
Metal Nickel- Total 161 100 

Organic 
Bis(2-ethyl- 4.95 4 hexyl)phthalate 

Organic I Chrysene 0.0576 0.049" 
Blank cells denote no exceedance of a water qual1ty objeCtive. 
"'"- CTR Human Health objective for consumption of organisms only. 

Table 60: Water Quality Objective Exceedances at Mass Emission Site ME-CC observed 
during Dry Weather Monitoring Events 

Constituent ' EventS Event 6 
Basin Plan 

CTRFW 
Classification (in pg!L except . · 5131/06 6/13/06 

Objective 
Chronic .. 

where noted) . ··Result Result Objective 
Anion Chloride (mg/L) 178 191 150 

Bacteriological 
E. coli 1000 235 
(MPN/1 00 mlJ 

Bacteriological 
Fecal Coliform 1600 400 (MPN/1 00 ml) 

Conventional 
Total Dissolved Solids 

972 1020 850 (mg/L) 
Metal Aluminum- Total 3170 1000 
Pesticide 4,4'-DDD 0.0022 0.00084 
Pesticide 4,4'-DDE 0.0299 0.00059 
Pesticide 4,4'-DDT I 0.0187 0.001 
Blank cells denote no exceedance of a water quality objeCtive. 
"'"- CTR Human Health objective for consumption of organisms only. 

Table 61: Water Quality Objective Exceedances at Mass Emission Site ME-SCR 
observed during Dry Weather Monitoring Events 

Constituent, · 
Classifkation ·.·. (inpgiCexce{Jf 

where notedf 
Fecal Coliform 

Bacteriological (MPN/1 00 mL) 

Metal Aluminum- Total 
Metal Selenium- Total 

Event 5 .. . Event 6 
. :5/31/06:·. . :;·!::6/13(06': , 
R~si.iti, · • . '· ·'. Result'···· 

470 

3800 1085 
5.47 6.1 

Blank cells denote no exceedance of a water quality object1ve. 
"'"- CTR Human Health objective for consumption of organisms only. 
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Fecal Coliform 
Bacteriological (MPN/1 00 ml) 

Conventional 

Metal 
Metal 
Pesticide 
Pesticide 

Total Dissolved Solids 
(mg/L) 
Aluminum -Total 
Mercury- Total 
4,4'-DDD 
4,4'-DDE 

5oooo 

881 

28600 
0.129 
0.114 
0.742 

Blank cells denote no exGeedance ofa water quality obJective. 
•w•- CTR Human Health objective for consumption of organisms only. 

Conventional 16240 

Metal 8850 
Nutrient 22.4 
Or anic 0.056 
Or anic 0.115 
Or anic 0.0713 
Or anic 0.162 
Or anic rene 0.0673 
Pesticide 0.3 
Pesticide 1.45 
Blan'k cells denote no exceedanceoh:~ watefquality objec:,tive. 
•w•- CTR Human Health objective for consumption of organisms only. 

Land Use Discharge Analysis . . 

400 

500 

1000 
0.051" 

0.00084" 
0.00059" 

235 

400 

500 

1000 
10 

0.049" 
0.049" 
0.049" 
0.049" 
0.049" 

0.00084" 
0.00059" 

In order to assess whether or not discharges from the storrnwater system are contributing to the 
exceedances of objectives identified in the receiving waters, Land User discharge data were analyzed in 
the same manner as the Mass Emission and.Receiving Water data. 

The 2005/06 monitoring data from the Agricultural Land Use station A-1 were compared to the Basin 
Plan and CTR objectives previously described. Although the Stormwater Monitoring Program's Land 
Use stations ·are not a'lways located .in .each.of:the :watersheds for which Receiving ·water samples are 
collected, the sites were.chosentoprovide representative data to be used to describe the water quality·of 
discharges from urban and agricllitllial areas in Ventura County. As a result, for this analysis, the Land 
Use objective exceedances are :compared to the receiving water objectives exceedances in all watersheds 
even if they are not specifically lbcated.in that watershed. This comparison allows the Storrnwater 
Monitoring Programto.determine whether certain land use types may be contributing to the objectives 
exoeedances in· receivmg waters,· . 

Table 64 presents water quality objective exceedances at agricultural Land Use site A-1 based on an 
analysis of the, w~~ weatlier ?.~~rniwafer IJ:!,bj:tl,toring data.collected there during Event 1. 
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Table 64: Water Quality Objective Exceedances at Agricultural Land Use Site A-1 

_ cia~:i~i:~iion_::: ~t~~~Jtz£~~i%~;?~~~r~' : f;;11Ja~ -8;;'1!2J;~j -- c;::;:v -_ - -·'': .. '··'·> · _ ., .. ,--noted) .-_ : - Result - .,,_ _ Obje-ctive 
Bacteriological E. coli (MPN/1 00 ml) 4611 235 

Bacteriological 

Conventional 

Nutrient 
Pesticide 
Pesticide 

Fecal Coliform 
(MPN/1 00 ml) 
Total Dissolved Solids 

_(m_g/L) 
Nitrate as N (mg/L) 
4,4'-DDD 
4,4'-DDE 

5000 

3158 

48.7 
0.049 
0.197 

Blank cells denote no exceedance of a water quality objective. 
•w- CTR Human Health objective for consumption of organisms only. 

Potential Problematic Constituents 

400 

500 

10 
0.00084" 
0.00059" 

. A review ofi!i.bl~-~:ZJ:brough Table64_P!_<?_v}~e~ __ .!hefollowing observations with respect to potential 
problematic constituents measured in wet weather rimoff. ------ ---- -- -----

Anions 

Chloride concentrations above Basin Plan objectives were observed at Mass Emission sites ME-CC and 
ME-VR2 during both wet and dry monitoring events. The two exceedances at the ME-CC station 
occurred during dry weather Events 5 and 6, while the one exceedance at the ME-VR2 site occurred 
during wet weather Event 3. Chloride was not observed at concentrations greater than site-specific Basin 
Plan objectives for most monitoring events of the 2005/06 season. Chloride was included in the 
Stormwater Monitoring Program's 2002/03 Pollutant of Concern (POC) Prioritization List, but was not 
ultimately included in the top-ranked POC list presented in the 2002/03 Annual Monitoring Report. The 
Stormwater Monitoring Program will continue to evaluate chloride at Mass Emission and Receiving 
Water monitoring sites as a means of assessing any future trends exhibited by this pollutant. 

Bacteriological 

All Receiving Water and Mass Emission sites recorded concentrations greater than water quality 
objectives for E. coli and fecal coliform during wet weather events. Likewise, runoff from the A-1 
agricultural Land Use site exceeded bacteriological objectives for these same two bacteria during wet 
weather Event 1. Dry weather monitoring at the three Mass Emission sites revealed fecal coliform 
concentrations above.the Basin Plan objective at ME-CC and ME-SCR during Event 6, along with an E. 
coli exceedance recorded at ME-CC during Event 5. Consistent with previous pollutant of concern 
identification efforts by the Management Program (presented most recently in the 2002/03 Annual 
Monitoring Report) bacteria pose a potential problem for water quality protection and warrant special 
consideration by the Program (see Pollutant of Concern Assessment below). 

Conventionals 

Mass Emission station ME-VR2, Receiving Water sites W-3 and W-4, and the agricultural Land Use site 
A -1 showed total dissolved solids concentrations during wet weather events above Basin Plan objectives. 
A single dry weather exceedance above the Basin Plan site-specific objective for total dissolved solids 
was observed at Mass Emission site ME-CC. Total dissolved solids was included in the Stormwater 
Monitoring Program's 2002/03 Pollutant of Concern (POC) Prioritization List, but was not ultimately 
included in the top-ranked POC list contained in the 2002/-3 Annual Monitoring Report. The 
Stormwater Monitoring Program will continue to evaluate total dissolved solids at its monitoring sites as 
a means of augmenting its database and tracking site-specific and seasonal trends in observed Basin Plan 
exceedances for this water quality parameter. 
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4. Sample Collection 

Sampling conducted by the Stormwater Monitoring Program during the 2005/06 monitoring season 
consisted of the capturing of the first flush storm event in Ventura County on October 17, 2005, followed 
by the monitoring of one early-season (November) and two mid-season.(February) storms. Storm event 
sampling criteria contained in the NPDES permit specify that not more than 0.1 inch ofrain shall occur 
during the 72 hours preceding a monitored event. Storms are selected for monitoring based on the 
antecedent conditions (72-hour dry period), fulfillment oftl1e dry period, and predicted precipitation. 

At the Calleguas Creek (ME-CC) and Ventura River (ME-VR2) sites automated composite samplers are 
programmed to collect flow-proportional samples based on water volume passing by the station during 
wet weai11er monitoring. The flow volume necessary to trigger sample collection is determined based on 
the predicted am:ount of precipitation over a specific period of time and the estimated volume of runoff 
from the watershed. These values are based on 60 years of historic precipitation data used to develop 
runoff tables included in the Standard Operating Procedures. Samples at ME-SCR are collected on a 
time-paced basis during wet weather monitoring because flow-proportional compcisiting is not possible 
due to the diversion -of Santa Clara River water by the United Water Conservation District. The 
Stormwater Monitoring Program has installed a flow gauge in the diversion channel to monitor flow 
diverted to infiltration ponds during dry weather, as well as a flow meter on top of the Freeman Diversion 
Dam to measure flow during wet weather. Time-paced composite samples were collected at the Land 
Use (A-1) and Receiving Water (W-3, W-4) sites. Receiving Water site W-4 collects samples on a time 
interval basis because sample to volume (runoff) tables are not available. Only aquatic toxicity grab 
samples were collected at the Ortega Street (I-2) and Swan Street (R-1) Land Use sites during Event 1 
( 10/17 /05) because the Stormwater Monitoring Program had already satisfied its NPDES permit · 
condition stating th~t these two Land Use sites must be monitored a minimum of three times per permit 
term with respect to the collection of water chemistry samples. However, the Stormwater Monitoring 
Program is still under a regulatory obligation .to collect aquatic toxicity grab samples at these sites in 
order to amass baseline toxicity information related to land use discharges. 

The Santa Clara River (ME-SCR), Wood Road (A-1), and both Receiving Water (La Vista; W-3, and 
. Revolon Slough, W -4) monitoring sites have hard line phone and electrical connections and refrigerated 

sampling units. The Ventura River (ME-VR2) site also possesses an electrical connection and 
refrigerated sampling unit, but communication with the sampling equipment is made possible via a 
cellular phone connection. The Calleguas Creek (ME-CC) station possesses a cellular phone connection 
and runs on solar/battery power. The Ortega Street (I-2) and Swan Street (R-1) Land Use sites do not 
possess phone or power connections, and utilize portable refrigerated samplers for sample collection. 
Automated data logging is available at all sites, while tipping bucket rain gauges are installed at all sites 
except for I-2 and R-1. Additionally, all sites except for I-2 .an<;l R-1 can be remotely accessed via 
telemetry, including the area velocity flow meter installed in the infiltration channel at ME-SCR. 

The sampling methods and sample handling procedures used during the 2005/06 monitoring year are 
based on EPA Method 1669 and are described in the revised Ventura Countywide Stormwater 
Monitoring Program: Water Quality Monitoring Standard Operating Procedures 2000-2005 
Stormwater Monitoring (L W A, 2001) - a document also referred to as the Land Use and Receiving 
Water Guide. The sampling methods and sample handling procedures employed at Mass Emission 
monitoring sites are also based on EPA Method 1669 and are described in Ventura Countywide 
Stormwatel' Monitoring Program: Mass Emission Stations Water Quality Monitoring Standard 
Operating Procedures 2000-2005 (VCWPD, 2003)- a document also referred to as the Mass Emission 
Guide. The parameters required to be monitored by the Stormwater Monitoring Program are described 
as a part ofNPDES Permit No. CAS004002 Section No. CL 7388. The Stormwater Monitoring Program 
produces an event sample matrix for each event prior to its monitoring as a means of documenting the 
specific environmental and QA/QC samples to be collected at any given monitoring site fm; a particular 
event, as well as the specific sample container to be used when collecting a certain sample. All event 
sample matrices associated with the 2005/06 monitoring season are presented in Appendix C. 
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At Mass Emission, Receiving Water, and Land Use sites, both composite and grab samples are collected. 
Composite samples are collected in glass containers and then delivered to the lab where they are split by 
pouring off with a tipper. When the splitting of a composite sample is performed, the composite sample 
is continually rocked in a sample-pouring stand to provide as much "non-invasive" mixing as possible. 
Sample splitting allows homogeneous aliquots of a single, large water sample to be divided into several 
smaller samples for the purpose of delivering these smaller volumes of water to individual analytical 
laboratories as necessary. The volume of sample collected depends upon the volume required by the lab 
to perform requested water quality and QA/QC analyses. 

Figure 15: Grab Sample Collection in the Ventura River using EPA Sampling Protocols 

In an effort to maintain quality control for the sampling program, the sampling crew, in cooperation with 
the ana1ytical.laboratories, has minimized the number of laboratories and sample bottles used for 
analysis. This has.minimized bottle breakage, increased efficiency, and reduced the chances for 
contamination of the samples. Also, a dedicated monitoring team is used to provide consistent sample 
collection and handling. Remote access capability at all but two Land Use monitoring sites (I-2 and R-1) 
also provides data-on-demand which allows immediate onsite evaluation of stream conditions. 

For constituents analyzed from samples required to be collected as "grabs", samples are ideally taken at 
the peak runoff flow to provide the best estimate for an event mean concentration (EM C). In practice it 
is difficult to both predict the peak flow and to allocate manpower such that all sites are grab-sampled at 
the storm event peak flow. It should be noted that peak flow times vary for each monitoring station due 
to the size and inherent characteristics of the watershed in which the site is located. All grab and 
composite wet weather samples collected during the 2005/2006 monitoring season are considered best 
available estimates of stormEMCs. Table 6 summarizes the samples collected at each of the monitoring 
locations during the 2005/06 monitoring season's wet weather events. As a means of documenting all 
preparatory, operational, observational, and concluding activities of a monitoring event, the Stormwater 
Monitoring Program produces an event summary for each monitoring event it conducts. These event 
summaries include, but are not limited to information related to event duration, predicted and actual 
precipitation, weather conditions, the programming of sampling equipment, equipment malfunctions, 
sample collection and handling, and sample tracking with respect to delivery to an analytical laboratory. 
All event summaries associated with the 2005/06 monitoring season are presented in Appendix D. 
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Table 6: 2005/06 Monitoring Event Summary 

10/17/05 CGT T T 
2 11/9/05 
3 2/17/06 
4 2/27/06 

Notes: 
"G" indicates that a grab sample was collected. 
"C" indicates that a composite sample was collected. 

CGT CGT CGT CGT 
CGT CGT 
CG CG 
CG CG 

"T" indicates that toxicity samples were collected. 
"-" indicates that no sample was collected. 

CGT 
CGT 
CG 
CG 

In addition to documenting the water quality samples scheduled for collection during an event through 
the generation of an event sample matrix;, the Stormwater }Jcinitoring Program also documents the actual 
samples it collects - and their date and time of collection_..:. during the course of an event by completing a 
chain of custody (COC) form for each sampling event conducted at a monitoring site. The COC form not 
only documents sample collection, but also notifies an analytical laboratory that a particular sample 
should be analyzed for a certain constituent or group of constituents, oftentimes specifying the analytical 
method to be employed. Finally, the COC form acts as an evidentiary document noting how many 
samples were relinquished - and at what date· and time - to a particular laboratory by the Stormwater 
Monitoring Program. All chain of custody forms associated with the 2005/06 monitoring season are 
presented in Appendix E. 
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Aquatic Toxicitv Results 

Samples for acute and chronic aquatic toxicity testing were collected during two wet weather events 
(October and November) in 2005. Results for acute and chronic toxicity tests for samples collected at the 
Land Use, Receiving Water, and Mass Emission monitoring stations are summarized in Table 48 and 

• Table 49. 

Acute Toxicitv 

Acute toxicity testing was performed using Ceriodaphnia dubia as the test species. Results for acute 
toxicity are reported as the LC50, which is the concentration of sample that produces death in 50% of test 
organisms exposed. Since the concentration of pollutants is unknown in environmental samples, 
concentration is measured as a dilution percentage of the original sample, with 100% equal to the 
undiluted sample. An LC5 0 concentration, or dilution percentage, reported as less than 1 00% indicates 
that the undiluted sample caused >50% mortality to exposed test organisms and required dilution to 
achieve LC50. An LC50 dilution result of greater than 100% indicates that the sample would have to be 
more concentrated than it was at the time of sample collection to achieve the LC50. Results are also 
reported in up.its ofTUa4

, which the analyzing laboratory calculated using the following equation from 
the California Ocean Plan5

: 

TUa = log(100-S) 
1.7 

where: S =percent survival in 100% sample. If S > 99, TUa shall be reported as zero. 

4 Historically, acute toxicity has been calculated using the following equation: TUa = 1 OO/LC50 

5 California Ocean Plan. State Water Resources Control Board. 2005. 
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Acute toxicity (as demonstrated by a TUa >1.0) was observed at Receiving Water site W-3 for the 
sample collected during Event 1 (grab sample date -10/18/05) as shown in Table 48. In accordance with 
permit requirements, a TIE was initiated for tllis sample. The toxicity testing laboratory, Aquatic 
Bioassay & Consulting Laboratories, Inc. (ABC), was unable to identify the toxicant(s) because the 
toxicity dissipated in the sample by the time the TIE was initiated. 

A-1 10/18/05 90 >100% 0.59 
1-2 10/18/05 100 >100% 0.00 
R-1 10/18/05 85 >100% 0.69 
W-3 10/18/05 10 55.56% 2.00 
W-4 10/18/05 80 >100% 0.77 

Chronic Toxicity 

Chronic toxicity tests were performed using the Purple Sea Urchin (Strongylocentrotus purpuratus) as 
the test species; results are summarized in Table 49. 

Results are reported in several ways: the IC50 is the sample concentration, or dilution percentage, at 
which an inhibitory response- in tllis case, lack of fertilization- is observed in 50% of the exposed test 
organisms. The NOEC is the concentration of sample at which there exists no observable effect on test 
organisms. An IC50 dilution or NOEC dilution reported as greater than 100% indicates .that the sample 
would have to be more concentrated than it was at the time of sample collection to achieve the indicated 
effect. Results are also repol):ed in units ofTUc, which is calculated as 100 divided by the NOEC. 

The NPDES permit specifies that a TIE must be initiated if two consecutive wet weather samples (or a 
sillgle dry weather sample) exhibit toxicity; however, a numeric trigger for chronic toxicity is not 
specified in the permit. For the purposes of the Stormwater Monitoring Program, a numeric chronic 
toxicity trigger of> 1.0 TUc was selected. Chronic toxicity ( defmed herein as a TUc > 1.0) was not 
detected in any wet-weather samples collected at Mass Emission stations in 2005. ABC Laboratory's 
toxicity testing reports from the 2005/06 monitoring season are provided in Appendix F. 

Dry weather monitoring for chronic toxicity is scheduled to be conducted later in the current monitoring 
season, and results from those tests will be reported in the October 2006 Annual Monitoring Report. 
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43300 16520 2005 19200 104 r 
50000 16000 1700 30000 

Jk 
400 400 

5475000 770100 198630 344800 10000" r 
Metal 1480 4300 5720 

"I 

12200 1000 
.t~; 

Metal 
Cadmium-

4.58 
Total 

Metal 
Chromium-

13.8 23.8 
Total 

4.32 4 J' 

if 
'G!!~. 

26.2 8 

Metal Co per- Total 13.6 22.3 21.9 59.1 12 rr ,, 
Metal Lead- Total 11.7 
Metal Mereu -Total 

16.1 8 H 
0.0796 0.051" 

t~! 

Metal Nickel- Total 27.8 28.4 56.5 20 
Metal Zinc- Total 

Organic 
Benzo(a)-
anthracene 

168 80 rr· I 

0.0495 0.049" :~1 

Organic 
Benzo(a)-

rene 0.0665 0.049" :tf 
~:.:-

Organic 
Benzo(b)-
fluoranthene 

·l!!::ir 

0.0708 0.049" 
,,,...J 

Organic 
Benzo(k)-
fluoranthene 

0.0724 0.049" 

Organic 
Bis(2-ethyl-
hex I hthalate 

6.3 4 5.9" 3.5 

0.0607 0.0652 0.0894 0.049" 
0.3419 0.2635 0.6309 0.0088 
0.0328 0.0205 0.00084" 

Pesticide 0.136 0.069 0.0891 0.00059" 

Pesticide 
compounds 

0.0105 0.000023 

Pesticide DOTs 0.1688 0.069 0.1209 0.00017 
Blank cells denote no exceedance of a water quality objective. 
•w- CTR Human Health objective for consumption of organisms only. 

I 
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Table .53: Water Quality Objectives Exceedances at Mass Emission Site ME-VR2 

, :sacterio- E. Coli 
• :logical (MPN/1 OO ml) 2613 327 11199 235 

.Bacteria- Enterococcus 
lodicaL: . (MPN/1 00 ml) 

12980 

5000 i Bacteria- Fecal Coliform 
~logical' (MPN/100 ml) 
BaCteria- Total Coliform 

1 lotiitai (MPN/1 oo mL) 
104620 

Oonven- Total Dissolved 
tibnal·: Solids (mg/L) 

Aluminum
Total 

:: Met~·1 .:: :, Chromium -
· · :: ·, Total 
Metal··, Copper- Total 

. Metat:':i.· Lead- Total 

. .Metal~·; : Mercury- Total 
Metalt':':' Nickel- Total 

· · · . ~· Bis(2-ethyl- · 
Q~gr9\~ ·. hexyl)phthalate 

· GrQaiiic PAHs 

207 111 

1004 

1713 

.Biarik·cells denote no exceedance of a water quality objective. 
,;h.".::;¢,JR.Human Health objective for consumption of organisms only. 
. ·''' 

... ·.;.; 

10910 

17000 

241920 

10100 

16.9 

26.8 
9.77 

0.0649 
43.8 

6.48 

0.2108 

.!Ventura Countywide Stormwater Quality Monitoring Report July 2006 

A009412 

400 

1000 

1000 

50 

4 

Q.Q51A 

5.9A 

104 

400 

10000 

8 

12 
8 

20 

3.5 

0.0088 

83 



Table 54: Water Quality Objective Exceedances at Mass Emission Site ME-SCR 

';citi~~~ii!TJlliJ~~~f~l'j~-1~1iJ~~~)I~~~~ 
Bacterio- E. Coli 
logical (MPN/1 00 ml) 

256 1722 . 5794 23.5 

1298 453 104 
Bacterio- Enterococcus 
logical (MPN/1 00 ml) 

288 14450 

Bacterio- Fecal Coliform 
loqical (MPN/1 00 ml) 

900 9000 5000 400 400 

12997 10000 
Bacterio- Total Coliform 
loqical (MPN/1 00 ml) 

34480 198630 686700 

Metal 
Aluminum-

8580 12060 8390 43600 
Total 

1000 

Metal 
Cadmium-

14.8 
Total 

5 4 

Metal 
Chromium-

17.1 20.1 13.1 43.6 
Total 

8 

Metal Copper- Total 21.7 38 18 149 12 
Metal Lead- Total 11.6 35.7 8 
Metal Mercury- Total 0.0545 0.0875 0.174 0.051" 0.16 
Metal Nickel- Total 27.7 40.2 23.5 161 100 20 
Metal Zinc- Total 96.4 341 80 

Organic 
Bis(2-ethyl-

4.95 
hexvl)phthalate 

4 3.5 

Organic Chrysene 0.0576 0.049" 
Organic PAHs 0.1162 0.0245 0.0165 0.3032 0.0088 

Blank cells denote no exceedance of a water quality objective. 
"""- CTR Human Health objective for consumption of organisms only. 

104 

Bacteriological 50000 400 400 

Bacteriological 120330 10000 

Blank cells denote no exceedance of a water quality objective. 
"""- CTR Human Health objective for consumption of organisms only. 
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Table 56: Water Quality Objective Exceedances for Receiving Water Site W-4 

Enterococcus 
Bacteriological (MPN/1 00 ml) 

Fecal Coliform 
Bacteriological (MPN/1 00 ml) 

Total Coliform 
Bacteriological (MPN/1 00 ml) 

Conventional 

Metal 
Metal 
Metal 
Metal 
Metal 
Metal 
Nutrient 
Organic 
Orqanic 
Organic 
Organic 
Organic 
Organic 
Pesticide 
Pesticide 
Pesticide 
Pesticide 

Total Dissolved Solids 
(mg/L) 
Aluminum -Total 
Chromium -Total 
Copper- Total 

·Lead- Total 
Nickel- Total 
Zinc- Total 
Nitrate as N (mg/L) 
Benzo(a)pyrene 
Benzo(b )fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
lndeno(1 ,2,3-cd)pyrene 
PAH compounds 
4,4'-DDD 
4,4'-DDE 
Chlordane compounds 
DOTs. 

20500 

2400 

1986300 

16240 

8850 
17.4 
34.1 
17.6 
24.4 
115 
22.4 
0.056 
0.115 
0.0713 
0.162 
0.0673 
0.868 

0.3 
1.45 

0.0573 
1.8565 

Blank cells denote no exceedance of a water quality objective. 
"A"- CTR Human Health objective for consumption of organisms only. 

Land Use Discharge Analvsis 

104 

400 400 

10000 

500 

1000 
8 
12 
8 

20 
80 

10 
0.049/\ 
0.049/\ 
0.049/\ 
0.049/\ 
0.049/\ 

0.0088 
0.00084/\ 
0.00059/\ 

0.000023 
0.00017 

In order to assess whether or not discharges from the stormwater system are contributing to the 
exceedances of objectives identified in the receiving waters, Land User discharge data were analyzed in 
the same manner as the Mass Emission and Receiving Water data . • 
The 2005/06 monitoring data from the Agricultm:al Land Use station A-1 were compared to the Basin 
Plan, California Toxics Rule, and California Ocean Plan objectives previously described. Although the 
Stormwater Monitoring Program's Land Use stations are not always located in each of the watersheds for 
which Receiving Water samples are collected, the sites were chosen to provide representative data to be 
used to describe the water quality of discharges from urban and agricultural areas in Ventura County. As 
a result, for this analysis, the Land Use objective exceedances are compared to the receiving water 
objectives exceedances in all watersheds even if they are not specifically located in that watershed. Tbis 
comparison allows the Stormwater Monitoring Progran1 to dete1mine whether certain land use types may 
be contributing to the objectives exceedances in receiving waters. 

Table 57 presents water quality objective exceedances at agricultural Land Use site A-1 based on an 
analysis of th~ wet weather storm water monitoring data collected there during Event 1. 
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Table 57· Water Quality Objective Exceedances at Agricultural Land Use Site A-1 . 
Constituent· Event 1 . ' . CTRFW Ocean Plan 

Classification (h1)ig!L ~xbeptwl7ere 10/17/05 •. Basin Plan .· Acute Daily Max 
·, · .. ·· noted) • ·• ' : Result •· · 

Objective Objective· Objective 
BacterioloQical E. Coli (MPN/1 00 ml) 4611 235 

Bacteriological 
Enterococcus 

165200 104 (MPN/100 ml) 

Bacteriological 
Fecal Coliform 

5000 400 400 (MPN/100 ml) 

Bacteriological 
Total Coliform 

2481000 10000 (MPN/1 00 ml) 

Conventional 
Total Dissolved Solids 

3158 500 (mg/L) 
Metal Copper- Total 15.9 12 
Metal Nickel- Total 26.4 20 
Nutrient Nitrate as N (mg/L) 48.7 10 
Organic I PAH compounds 0.0917 0.0088 
Pesticide 4,4'-DDD 0.049 0.00084" 
Pesticide 4,4'-DDE 0.197 0.00059" 
Pesticide DDT compounds 0.3509 0.00017 
Blank cells denote no exceedance of a water qua\1ty obJective. 
"i\"- CTR Human Health objective for consumption of organisms only. 

Potential Problematic Constituents 

A review of Table 52 through Table 57 provides the following observations with respect to potential 
problematic constituents measured in wet weather runoff. · 

Bacteriological 

All Receiving Water and Mass Emission sites recorded concentrations greater than water quality 
objectives for E. Coli,.Enterococcus, Fecal Colifonn, and Total Coliform.· Likewise, runoff from the A-1 
agricultural Land Use site exceeded bacteriological objectives,forthese same four bacteria. It should be 
noted that the inclusion of new Enterococcus (104 MPN/100 mL) and Fecal Coliform (400 MPN/100 
mL) objectives in the revised 2005 California Ocean Plan resulted in the recording of these two 
parameters as existing at concentrations above their respective Ocean Plan objective at all monitoring 
locations. Consistent with previous pollutant of concern identification efforts by the Ventura 
Countywide Stormwater Quality Program (presented most recently in the 2002/03 Annual Monitoring 
Report) bacteria pose a potential problem for water quality protection and warrant special consideration 
by the Program (see Pollutant of Concern Assessment below). · 

Conventionals 

Mass Emission station ME-VR2, Receiving Water sties W-3 and W-4, and the agricultural Land Use site 
A-1 showed total dissolved solids concentrations during wet weather events above Basin Plan objectives. 
Total dissolved solids was included in the Stormwater Monitoring Program's 2002/03 Pollutant of 
Concern (POC) Prioritization List, but was not ultimately included in the top-ranked POC list contained 
in the 2002/-3 Annual Monitoring Report. The Stormwater Monitoring Program will continue to 
evaluate total dissolved solids at its monitoring sites as a means of augmenting its database and tracking 
site-specific and seasonal trends in observed Basin Plan exceedances for this water quality parameter. 

Metals 

All Mass Emission and Receiving Water sites monitoring during wet weather events showed 
concentrations of total aluminum in excess of Basin Plan water quality objectives. The one Land Use 
site monitoring this season, A-1, did not show any such exceedance. This is the third year that aluminum 
has been monitored by the Storrnwater Monitoring Program, and the third time that a comparison to 
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SECTION9.0 WATER QUALITY MONITORING zo~ t-1 / -z_oo.S . 
9.6 Sample Collection 

Sampling conducted by the Stormwater Monitoring Program during the 2004/05 monitoring 
season consisted of the capturing of the first flush storm event in Ventura County on October 
16,2004, followed by the monitoring oftwo early-season and one mid-season storm. A total 
of four wet weather events were monitored dmi.ng the months of October 2004 (Events 1 and 
2), December 2004 (Event 3), and January 2005 (Event 4). Storm event sampling criteria 
contained in the NPDES permit specify that not more than 0.1 inch of rain shall occur during 
the 72 hours preceding a monitored event. Storms are selected for monitoring based on the 
antecedent conditions (72-hour dry period), fulfillment of the dry period, and predicted 
precipitation. The two dry weather events were monitored during the months of May (Event 
5) and June (Event 6). Dry weather events are monitored when there has been at least a 72-
hour antecedent dry period without measurable rainfall ( < 0.01 inches). 

At the Calleguas Creek (ME-CC) and Ventura River (ME-VR) sites automated composite 
samplers are programmed to collect flow-proportional samples based on water volume 
passing by the station during wet weather monitoring. The flow volume necessary to trigger 
sample collection is determined based on the predicted amount of precipitation over a specific 
period oftime and the estimated volume of runoff from the watershed. These values are 
based on 60 years of historic precipitation data used to develop runoff tables included in the 
Standard Operating Procedures. Samples at ME-SCR are collected on a time-paced basis 
during wet weather monitoring because flow-proportional compositing is not possible due to 
the diversion of Santa Clara River water by the United Water Conservation District. The 
Stormwater Monitoring Program has installed a flow gauge in the diversion channel to 
monitor flow diverted to infiltration ponds dmi.ng dry weather, as well as a flow meter on top 
of the Freeman Diversion Dam to measure flow during wet weather. As mentioned 
previously, the two dry weather events monitoring in the Ventura River at the new ME-VR2 
station were sampled using a portable sampler programmed to collect composite samples on a 
time-paced basis. Tin1e-paced composite samples were also collected at ):he Land Use (A-1, 
I-2, R-1) and Receiving Water (W-3, W-4) sites. Receiving Water site W-4 collects samples 
on a time interval basis because sample to volume (runoff) tables are not available. 

The Santa Clara River (ME-SCR), Ventura River (ME-VR), Wood Road (A-1 ), and both 
Receiving Water (La Vista, W-3, and Revolon Slough, W-4) monitoring sites have hard line 
phone and electrical connections and refrigerated sampling units. The Calleguas Creek (ME
CC) station possesses a cellular phone connection and runs on solar/battery power. The 
Ortega Street (I-2) and Swan Street (R-1) Land Use sites do not possess phone or power 
connections, and utilize portable refrigerated samplers for sample collection. Automated data 
logging is available at all sites, while tipping bucket rain gauges are installed at all sites 
except for I-2, R-1, and ME-YR. Additionally, all sites except for I-2 and R-1 can be 
remotely accessed via telemetry, including the area velocity flow meter installed in the 
infiltration channel. at ME-SCR. The new relocated Ventura River (ME-VR2) Mass Emission 
station will feature an automated refrigerated sampler, automated data logging, a tipping 
bucket rain gauge, and electric power supplied by the Oj ai Valley Sanitation District once 
equipment installation is complete. Hard line phone access is still being investigated for this· 
site. 

The sampling methods and sample handling procedures used during the 2004/05 monitoring 
year are based on EPA.Method 1669 and are described in the revised Ventum Countywide 
Stormwater Monitoring Program: Water Quality Monitoring Standard Operating 
Procedures 2000-2005 Stormwater Monitoring (L W A, 2001) - a document also referred to as 
the Land Use and Receiving Water Guide. The sampling methods and sample handling 
procedures employed at Mass Emission monitoring sites are also based on EPA Method 1669 
and are described in Ventura Countywide Stormwater Monitoring Program: Mass Emission 
Stations Water Quality Monitoring Standard Operating Procedures 2000-2005 (VCWPD, 
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SECTION 9.0 WATER QUALITY MONITORING z.oot.fjz. 00 5 

Table 9-73: Water Quality Objective Exceedances from the Mass Emission Station ME-CC 
Observed Wet Weather Events 

~~~~~~~~~~~~~~~~~~~~~~~~ 

16000 16000 1400 400 

8820 24300 1400 33600 1000 

8.33 5 4 

83.8 50 8 

0.0542 0.049" 

Organic 0.0873 0.049" 

Organic 0.0762 0.049" 

Organic 0.0893 0.049" 

7.92 7.8 4 5.9" 3.5 

0.049" 

10 

Blank cells denote no exceedance of a water quality objective. 
•w•- CTR Human Health objective for consumption of organisms only. 
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SECTION9.0 WATER QUALITY MONITORING 

Table 9-74: Water Quality Objective Exceedances from the Mass Emission Station ME-SCR 
Observed during Wet Weather Monitoring Events 

;tt\.:,. r,~~~~~~~ilift~~t~~i~~~~!~I~r~~~~~~l 
Ba~terio- E. Coli 1 0000 10000 1750 235 
logical (MPN/1 00 mL) 
Bacteria- Fecal Coliform 
logical (MPN/1 00 mL) 
Conven- Total Dissolved 

·tional Solids (mg/L} 

Metal 

Metal 

Metal 

Metal 
Metal 
Metal 
Metal 

.Metal 

Organic 

Organic 

Organic 

Organic 
Organic 

Aluminum
Total 
Cadmium-
Total 
Chromium-
Total 
Copper- Total 
Lead- Total 
Mercury- Total 
Nickel- Total 
Zinc- Total 
Benzo(a)-
anthracene 
Benzo(b)-
fluoranthene 
Bis(2-ethyl-
hexyl)phthalate 
Chrysene 
PAHs 

16000 11000 

1230 

8530 15900 

21.1 24.9 

16.6 27.2 
16.3 

0.522 
24.8 29.5 

82.1 

0.0609 
0.0242 0.2537 

Blank cells denote no exceedance of a water quality objective. 
"""- CTR Human Health objective for consumption of organisms only. 
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1100 400 

1200 

69900 1000 

8.65 5 4 

125 50 8 

133 12 
57.8 8 

0.459 0.051" 0;16 
185 100 20 
473 80 

0.0521 0.04911 

0.06 0.049" 

8.61 4 5.911 3.5 

0.133 0.049" 
0.4458 0.0088 
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SECTION 9.0 WATER QUALITY MONITORING 2--60Lf/~..5 

Table 9-75: Water Quality Objective Exceedances from the Mass Emission Station ME-VR 
Wet Weather Events 

~~~~~~~~~~ 

5000 9000 400 

1300 30300 1000 

4.26 4.3 5 4 

55.5 50 8 

316.32 

0.0515 0.049" 

0.156 0.049" 

9.5 22.2 12 4 5.9" 3.5 
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SECTION9.0 ,WATER QUALITY MONITORING .z...oo 'I I z.c;o5 

Table 9-77: 

Blank cells denote no exceedance of a water quality objective. 
•w•- CTR Human Health objective for consumption of organisms only. 
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SECTION 9.0 . WATERQUALITY MONITORING Z.Ooot./ /Z.C>O s 

500 

3.5 

Blank cells denote no exceedance of a water quality objective. 
"A"- CTR Human Health objective for consumption of organisms only. 

9.1 0.5 Land Use Discharge Analysis 
In order to assess whether or not discharges from the stormwater system are contributing to 
the exceedances of objectives identified in the receiving waters, Land Use discharge data 
were analyzed in the same manner as the Mass Emission and Receiving Water data. 

The 2004/05 monitoring data from Land Use sites (R-1, I-2, A-1) were compared to the Basin 
Plan, CTR, and California Ocean Plan objectives previously described. Although the Land 
Use stations are not always located in each of the watersheds for which Receiving Water 
samples are collected, the sites were chosen to provide representative data to be used to 
describe the water quality of discharges from urban and agricultural areas in Ventura County. 
As a result, for this analysis, the Land Use objective exceedances are compared to the 
receiving water objectives exceedances in all watersheds even if they are not specifically 
located in that watershed. This comparison allows the Stormwater Monitoring Program to 
determine whether certain land use types may be contributing to the objectives exceedances in 
receiving waters. Table 9-81 through Table 9-83 present water quality objective exceedances 
at Land Use sites based on an analysis of the 2004/05 wet weather stormwater monitoring 
data. 
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SECTION9.0 :WATERQUALITY MONITORING z_oot..fjz_o=.5 

Table 9-81: Water Quality Objective Exceedances from the Land Use Station R-1 

Bacterioloqical E. Coli (MPN/1 00 ml) 31000 235 

Bacteriological 
Fecal Coliform 16000 400 (MPN/1 00 ml) 

Metal Aluminum- Total 1860 1000 
Metal Copper- Total 21.7 12 
Metal Copper - Dissolved 15.2 8.67 
Metal Zinc- Total 126 80 
Organic Benzo(b )fluoranthene 0.0711 0.049 11 

Orqanic Benzo(k)fluoranthene 0.0541 0.04911 

Organic 
Bis(2-ethylhexyl)- 5.14 4 3.5 phthalate 

Orqanic Chrysene 0.113 0.049 11 

Organic lndeno(1 ,2,3-cd)pyrene 0.0599 0.04911 

Organic PAHs .0. .. 6754 0.0088 
Pesticide 4,4'-DDE 0.0757 0.0005911 

Pesticide DDT 0.0757 0.00017 
Blank cells denote no exceedance of a water quality objective. 
"11"- CTR Human Health objective for consumption of organisms only. 

50000 400 

Conventional 760 500 

Metal 2460 1000 
Metal Chromium- Total 8.42 8 
Metal Copper- Total 43.5 12 

138 80 
0.0907 0.049 11 

0.0851 0.04911 

4 5.911 3.5 
Bis(2-ethylhexyl)
hthalate 

13.4 

0.103 0.04911 

0.6008· 0.0088 
0.0819 0.0005911 

0.0819 0.00017 
Blank cells denote no exceedance of a water quality objective. 
"11"- CTR Human Health objective for consumption of organisms only. 
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SECTION 9.0 WATER QUALITY MONITORING z_cc L//:x,·c:>S 

Table 9-83· Water Quality Objective Exceedances from the Land Use Station A-1 
Constituent CTRFW Ocean Plan 10/16/04 L.A. Basin 

Classification (in pg!L except where Acute Daily Max Result Plan Objtv 
noted) Objective Objective 

Bacteriological E, Coli (MPN/1 00 ml) 1000 235 

Bacteriological 
Fecal Coliform 

1100 400 (MPN/1 00 ml) 

Conventional 
Total Dissolved Solids 

860 500 (mg/L) 
Metal Aluminum- Total 8630 1000 
Metal Chromium- Total 23,7 8 
Metal Copper- Total 42.1 12 
Metal Lead- Total 10,9 8 
Metal Mercury- Total 0.0621 0.051" 
Metal Nickel- Total 30.7 20 
Metal Zinc- Total 136 80 
Nutrient Nitrate as N (mg/L) 22.7 10 
Organic PAHs 0.0678 0.0088 
Pesticide 4,4'-DDD 0.0799 0.00084" 
Pesticide 4,4'-DDE 0.546 0.00059" 
Pesticide DDT 1.3362 0.00017 
Blank cells denote no exceedance of a water quality obJeCtive. 
•w•- CTR Human Health objective for consumption of organisms only. 

9.10.6 Potential Problematic Constituents 
A review of Table 9-73 through Table 9-83 provides the following observations: 

9.10.6.1 Bacteriological 

All Receiving Water and Mass Emission sites recorded concentrations greater than water 
quality objectives for E. Coli and Fecal Coliform during wet weather events. Similarly, 
stormwater runoff from the R-1, I-2, and A-1 Land Use sites exceeded bacteriological 
objectives for E. Coli and Fecal Coliform. Dry weather concentrations of E. Coli were only 
greater than Basin Plan objectives during Event 5 at ME-SCR. No other bacteriological water 
quality objective exceedances were observed during dry events. Consistent with previous 
efforts by the Ventura Countywide Stormwater Quality Program (presented most recently the 
2002/03 Annual Monitoring Report) bacteria pose a potential problem for water quality 
protection and walTant special efforts by the Program (see Pollutant of Concern Assessment 
below). 

9.10.6.2 

All Mass Emission and Land Use sites, as well as Receiving Water station W-3, showed 
concentrations oftotal aluminum in excess of Basin Plan water quality objectives during wet 
weather events. Dry weather concentrations of total aluminum were only greater than Basin 
Plan objectives during Event 5 at ME-SCR. This is the second year that aluminum has been 
monitored by the Stonnwater Monitoring Program, and the second time that a comparison to 
Basin Plan objectives has revealed exceedances for total aluminum. It should be noted that 
aluminum is found as a ubiquitous natural element in sediments throughout Ventura County 
geology (Richard Gossett, CRG Marine Laboratories, Inc., personal communication). All 
Mass Emission stations also recorded concentrations of cadmium, chromium, copper, lead, 
mercury, nickel, and zinc (all total fractions) above water quality objectives during wet 
weather monitoring. Dry weather monitoring similarly revealed total chromium and total 
copper concentrations above Ocean Plan 6-Month Median objectives at all Mass Emission 
sites during one or more events. Total nickel concentrations exceeded Ocean Plan objectives 
during one or more dry events at ME-CC and ME-VR2. Additionally, Mass Emission station 
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4. Sample Collection 

Sampling conducted by the Stormwater Monitoring Program during the 2004/05 monitoring season 
consisted of the capturing ofthe first flush storm event in Ventura County on October 16,2004, followed 
by the monitoring of two early-season and one mid-season stmm. A total' of four wet weather events 
were monitored during the months of October 2004 (Events 1 and 2), December 2004 (Event 3), and 
January 2005 (Event 4). Storm event sampling criteria contained in the NPDES permit specify that not 
more than 0.1 inch ofrain shall occur during the 72 hours preceding a monitored event. Storms are 
selected for monitoring based on the antecedent conditions (72-hour dry period), fi.1lfillment of the dry 
period, and predicted precipitation. · 

At the Calleguas Creek (ME-CC) and Ventura River (ME-VR) sites automated composite samplers are 
programmed to collect flow-proportional samples based on water volume passing by the station during 
wet weather monitorii1g. The flow volume necessary to trigger sample collection is determined based on 
the predicted amount of precipitation over a specific period oftime and the estimated volume of runoff 
from the watershed. These values are based on 60 years of historic precipitation data used to develop 
runoff tables included in the Standard Operating Procedures. Samples at ME-SCR are collected on a 
time-paced basis during wet weather monitoring because flow-proportional compositing is not possible 
due to the diversion of Santa Clara River water by the United Water Conservation District. The 
Stormwater Monitoring Program has installed a flow gauge in the diversion channel to monitor flow 
dive1ted to infiltration ponds during dry weather, as well as a flow meter on top of the Freeman Diversion 
Dam to measure flow during wet weather. Time-paced composite samples were collected at the Land 
Use (A-1, I-2, R-1) and Receiving Water (W-3, W-4) sites. Receiving Water site W-4 collects samples 
on a time interval basis because sample to volume (runoff) tables are not available. 

The Santa Clara River (ME-SCR), Ventura River (ME-VR), Wood Road (A-1), and both Receiving 
Water (La Vista, W-3, and Revolon Slough, W-4) monitoring sites have hard line phone and electrical 
connections and refrigerated sampling units. The Calleguas Creek (ME-CC) station possesses a cellular 
phone connection and runs on solar/battery power. The Ortega Str~et (I-2) and Swan Street (R-1) Land 
Use sites do not possess phone or power connections, and utilize portable refrigerated samplers for 
sample collection. Automated data logging is available at all sites, while tipping bucket rain gauges are 
installed at all sites except for I-2, R-1, and ME-VR. Additionally, all sites except for I-2 and R-1 can be 
remotely accessed via telemetry, including the area velocity flow meter installed in the infiltration 
channel at ME-SCR.. 

The sampling methods and sample handling procedures used during the 2004/05 monitoring year are 
based on EPA Method 1669 and are described in the revised Ventura Countywide Stormwater 
Monitoring Program: Water Quality Monitoring Standard Operating Procedures 2000-2005 
Stormwater Monitoring (LWA, 2001)- a document also referred to as the Land Use and Receiving 
Water Guide. The sampling methods and sample handling procedures employed at Mass Emission 
monitoring sites are also based on EPA Method 1669 and are described in Ventura Countywide 
Stormwater Monitoring Program: Mass Emission Stations Water Quality Monitoring Standard 
Operating Procedures 2000-2005 (VCWPD, 2003)- a document also referred to as the Mass Emission 
Guide. The parameters required to be monitored by the Stormwater Monitoring Program are described 
as a part ofJ\lpDES Pemlit No. CAS004002 Section No. CL 7388. 

At Mass Emission, Receiving Water, and Land Use sites, both composite and grab samples are collected. 
Composite samples are collected in glass containers and then delivered to the lab where they are split by 
pouring off with a tipper. When the splitting of a composite sample is performed, the composite sample 
is continually rocked in a sample-pouring stand to provide as much "non-invasive" mixing as possible. 
Sample splitting allows homogeneous aliquots of a single large water sample to be divided into several 
smaller samples for the purpose of delivering these smaller volumes of water to individual analytical 
laboratories as necessary. The volume of sample collected depends upon the volume required by the lab 
to perform requested water quality and. QA/QC analyses. · 

Ventura Countywide Stormwater Quailty Monitoring Report July 2005 19 

A0094:24 



In an effort to maintain quality control for t~e sampling program. the sampling crew. in cooperation with 
the analytical laboratories, has minimized the number oflaboratories and sample bottks used for 
analysis. This has minimized bottle breakage, increased efficiency, and reduced the chances for 
contamination of the samples. Also, a dedicated monitoring team is used to provide consistent sample 
collection and better quality control. All sites now feature automated flow measurement and sample 
collection that help to streamline the monitoring program and centralize sample collection. Remote 
access capability at all but two Land Use monitoring sites (I-2 and R-1) also provides data-on-demand 
which allows immediate onsite evaluation of stream conditions. 

For constituents analyzed from samples required to be collected as "grabs"', samples are ideally taken at 
the peak runoff flow to provide the best estimate for an event mean concentration (E.MC). In practice it 
is difficult to both predict the peak flow and to allocate manpower such that all sites are grab-sampled at 
the storm event peak flow. It should be noted that peak flmv times vary for each monitoring station due 
to the size and ini1erent characteristics of the watershed in which the site is located. All grab and 
composite wet weather samples collected during the 2004/2005 monitoring season are considered best 
available estimates of storm EMCs. Table 6 summarizes the samples collected at each of the monitoring 
locations during the 2004/05 monitoring season's wet weather events. 

Table 6: 2004/05 Monitoring Event Summary 

(Storm! (Storm! A-1 1-2 R-1 W-3 W-4 ME-CC ME-SCR ME-VR 
Dry) Dry) Wood 

/ 
Swan La Vista Revolon Cal/eguas Santa Ventura 

Event Event 
Ottega Creek- Clara River-

Number Date Road Street Street Avenue Slough 
CSUCI River Foster Park 

1 10/16/041 CGT I CGT CGT 
2 10/26/04 - - -
3 12/4/04 - - -
4 1/7/05 - - -

Notes: 
"G" indicates that a grab sample was collected. 
"C'' indicates that a composite sample was collected. 

CGT 
-
-
-

CGT CGT CGT 
- CGT CGT 
- I CG CG 
-I CG CG 

"T" indicates that toxicity samples were collected. 
"-" indicates that no sample was collected. 

CGT 
CGT 
CG 
CG 

Figure 14: Grab Sample Collection in the Ventura River using EPA Sampling Protocols 
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hardness cap of 400 mg/L for calculating the objectives, so any measured hardness value above 400 
mg/L was set equal to 400 mg/L for the purposes of the calculation. 

The usually large mass loadings calculated for Mass Emission stations ME-CC (see Table 59) and ME
VR (see Table 60) during Event 4 are the result of(l) the extremely large average flows (see Table 5) 
calculated for these extended runoff events, and (2) the elevated concentration of most constituents 
(especially total suspended solids, metals, organics, and pesticides) measured in the water quality 
samples collected at these sites. The elevated constituent concentrations were likely produced by the 
flushing of watersheds and the scouring of streambeds and adjacent riparian habitat that occurred as a 
result of the prolonged runoff and high flows observed during Event 4. The net result of these flushing 
and scouring effects can be seen in the increased number of water quality objective exceedances 
observed during Event 4 at the Mass Emission sites as compared to the exceedances reported during 
Events 1-3 at these stations. Table 61 through Table 65 present water quality objective exceedances at 
Mass Emission and Receiving Water sites based on an analysis of the 2004/05 wet weather stormwater 
monitoring data. 

Table 61: Water Quality Objective Exceedances at Mass Emission Site ME-CC 

Constituent Ocean 

Classifi· (inpg/L 10/16/04 10/26/04 1214/04 1n;os ... · Basin CTRFW Plan 
·Plan . Acute Daily ~ation exc;ept where Result Result Result Result Objtv Objty Max ·noted) 

Objtv 
Bacteria- E. Coli 

10000 10000 246 4100 235 logical (MPN/1 00 ml) 
Bacteria- Fecal Coliform 

16000 16000 1400 400 logical (MPN/1 00 ml) 

Metal 
Aluminum-

8820 24300 1400 33600 1000 Total 

Metal 
Cadmium-

8.33 5 4 Total 

Metal 
Chromium-

28.1 39 83.8 50 8 Total 
Metal Copper- Total 29.1 30.4 84.7 12 
Metal Lead- Total 10.9 17.4 24.8 8 
Metal Mercury- Total 0.115 0.147 0.051" 
Metal Nickel -'-Total 31.2 37.5 130 100 20 
Metal Zinc- Total 101 96.7 265 80 

Organic 
Benzo(a)-

0.0542 0.049" anthracene 

Organic 
Benzo(a)-

0.0873 0.049" pyrene 

Organic 
Benzo(b)-

0.0762 0.049" fluoranthene 

Organic 
Benzo(k)-

0.0893 0.049" fluoranthene 

Organic 
Bis(2-ethyl-

7.92 7.8 4 5.9" 3.5 hexyl)phthalate 
OrQanic Chrysene 0.093 0.049" 

Organic 
lndeno(1 ,2,3-

0.0619 0.049" cd)pyrene 
OrQanic PAHs 0.2707 0.0642 0.0491 0.7114 0.0088 

Nutrient 
Nitrate as N 

12.1 10 (mg/L) 
Pesticide 4,4'-DDD 0.038 0.0542 0.00084" 
Pesticide 4,4'-DDE 0.127 0.0899 0.00059" 
Pesticide Aldrin 0.136 0.000022 
Pesticide DDT 0.165 0.131 0.6902 0.00017 
Blank cells denote no exceedance of a water quality obJeCtive. 
•w•- CTR Human. Health objective for consumption of organisms only. 
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Table 62· Water Quality Objective Exceedances at Mass Emission Site ME-SCR 

Constituent Ocean 

Classifi- (in pg!L 10/16/04 10/26/04 12/4/04 1fi/05 
Basin CTRFW Plan 

cation except where Result Result Result Result 
Plan Acute Daily 

noted) 
Objtv Objtv Max 

Objtv 
Bacterio- E. Coli I 

logical (MPN/1 00 ml) 
10000 10000 1750 

I 
235 

Bacterio- Fecal Coliform 16000 11000 1100 400 
logical (MPN/1 00 ml) 
Conven- Total Dissolved 1230 1200 
tiona/ Solids (mq/L) I 

Metal 
Aluminum- 8530 15900 I 69900 1000 
Total 

Metal 
Cadmium- 8.65 5 4 
Total 

Metal 
Chromium- 21.1 24.9 125 50 8 Total 

Metal Copper- Total 16.6 27.2 133 12 
Metal Lead- Total 16.3 57.8 8 
Metal Mercury- Total 0.522 0.459 0.051" 0.16 
Metal Nickel- Total 24.8 29.5 185 100 20 
Metal ! .Zinc- Total 82.1 473 80 

Organic 
Benzo(a)- 0.0521 0.049" 
anthracene 

Organic 
Benzo(b)- 0.06 I 0.049" 
fluoranthene I 

Organic 
Bis(2-ethyl- 8.61 4 5.9" 3.5 
hexyl)phthalate 

Organic Chrysene 0.0609 I 0.133 0.049" 
Organic PAHs 0.0242 0.2537 I 0.4458 0.0088 
Blank cells denote no exceedance of a water quality obJeCtive. 
'""'- CTR Human Health objective for consumption of organisms only. 
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Table 63: Water Quality Objective Exceedances at Mass Emission Site ME-VR 
·. ' ' .. _, . ' .. i-

'!· . qc@.~'1; .•. Constituent ., .; . 
Basin CTRFW' 

:~j Classifi- (in pg/L 10/16/04 10/26104 1214/04 1!1105 ' 
cation ~xcept where Result Result Re_sult Rest,~ It P.lan. ··.Acute 

···noted)· ····Qbjtv·- .· . . Objtv 

Anion Chloride (mg/L) 108 76.1 62.8 60 
Bacteria- E. Coli 

3000 4100 310 235 loQical (MPN/1 00 mL) 
Bacteria- Fecal Coliform 

5000 9000 400 
loQical (MPN/1 00 mL) 

Metal 
Aluminum-

1300 30300 1000 
Total 

Metal 
Cadmium-

4.26 4.3 5 4 Total 

Metal 
Chromium-

55.5 50 8 Total 
Metal Copper- Total 46.8 12 
Metal Lead- Total 26.6 8 
Metal Mercury- Total 0.169 0.051" 0.16 
Metal Nickel- Total 107 100 20 
Metal Zinc- Total 231 208 80 

Metal 
Zinc-

456 316.32 
Dissolved 

Organic 
Benzo(a)-
pyrene 

0.0515 0.049" 

Organic 
Benzo(b)-

0.156 0.049" fluoranthene 

Organic 
Bis(2-ethyl-

9.5 22.2 12 4 5.9" 3.5 
hexyl)phthalate 

Organic Chrysene 0.273 0.049" 
Organic PAHs 0.04238 1.0789 0.0088 
Pesticide DDT 0.167 0.00017 
Blank cells denote no exceedance of a water quality objective. 
"""- CTR Human Health objective for consumption of organisms only. 

Table 64: Water Quality Objective Exceedances for Receiving Water Site W-3 
Constituent 

10/17104 Basin Plan CTRFW Ocean Plair· 
Classification (in pg/L except where Acute Daily Max\'~ 

noted) 
Result Objective 

Objective Objective ' 
Bacteriological E. Coli (MPN/1 00 ml) 52000 235 

Bacteriological 
Fecal Coliform 

30000 400 
(MPN/1 00 mlj_ 

Conventional 
Total Dissolved Solids 

930 500 (mQ/L) 
Metal Aluminum- Total 10200 1000 
Metal Chromium- Total 18.9 8 
Metal Copper- Total 36.4 12 
Metal Lead- Total 12.6 8 
Metal Mercury- Total 0.162 0.051" 0.16 
Metal Nickel- Total 20.4 20 
Nutrient Nitrate as N (mg/L) 11.4 10 
Organic PAHs 0.0282 0.0088 
Pesticide 4,4'-DDE 0.128 0.00059" 
Pesticide DDT 0.1895 0.00017 
Blank cells denote no exceedance of a water quality objective. 
"11"- CTR Human Health objective for consumption of organisms only. 
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Table 65: Water Quality Objective Exceedances for Receiving Water Site W-4 
Constituent 10/16/04 Basin Plan CTRFW Ocean Plan 

Classification (in pg!L except where Result Objective Acute Daily Max 
noted) Objective Objective 

BacterioloQical E. Coli (MPN/1 00 ml) 20000 235 

Bacteriological 
Fecal Coliform 30000 400 
(MPN/1 00 ml) 

Conventional Total Dissolved Solids 1500 500 
(mg/L) 

Metal Chromium- Total 20.6. 8 
Metal Copper- Total 26.7 12 
Metal Lead- Total 11.7 8 
Metal Mercury- Total 0.104 0.051" 
Metal Nickel- Total 21.7 20 
Metal Zinc- Total 88 80 
Nutrient Nitrate as N (mg/L) 23.4 10 

Organic 
Bis(2-ethylhexyl)- 4.57 4 3.5 
phthalate 

Organic PAHs 0.038 0.0088 
Pesticide 4,4'-DDD 0.0337 0.00084" 
Pesticide 4,4'-DDE 0.174 0.00059" 
Pesticide DDT 0.2958 I 0.00017 
Blank cells denote no exceedance of a water qual1ty obJective. 
•w·- CTR Human Health objective for consumption of organisms only. 

Ventura Countywide Stormwater Quality Monitoring Report July 2005 86 

A0094?S 



I 
I 
I 
I 

~ I 
I 
I 
I 
I 

'I 

I 
I 

Land Use Discharge Analysis 

In order to assess whether or not discharges from the stormwater system are contributing to the 
exceedances of objectives identified in the receiving waters, Land Use discharge data were analyzed in 
the same manner as the Mass Emission and Receiving Water data. 

The 2004/05 monitoring data from Land Use sites (R-1, I-2, A-1) were compared to the Basin Plan, 
California Taxies Rule, and California Ocean Plan objectives previously described. Although the Land 
Use stations are not always located in each of the watersheds for which Receiving Water samples are 
collected, the sites were chosen to provide representative data to be used to describe the water quality of 
discharges from urban and agricultural areas in Ventura County. As a result, for this analysis, the Land 
Use objective exceedances are compared to the receiving water objectives exceedances in all watersheds 
even if they are not specifically located in that watershed. This comparison allows the Stormwater 
Monitoring Program to determine whether certain land use types may be contributing to the objectives 
exceedances in receiving waters. Table 66 through Table 68 present water quality objective exceedances 
at Land Use sites based on an analysis of the 2004/05 wet weather stormwater morutoring data. 

Table 66: Water Quality Objective Exceedances at Land Use Site R-1 
Constituent 

10/16/04 Basin Plan CTRFW Ocean Plan 
Classification (in pg/L except where Acute Daily Max 

noted) Result Objective Objective Objective 
Bacteriological E. Coli (MPN/1 00 ml) 31000 235 

Bacteriological Fecal Coliform 
16000 400 (MPN/1 00 ml) 

Metal Aluminum- Total 1860 1000 
Metal Copper- Total 21.7 12 
Metal Copper- Dissolved 15.2 8.67 
Metal Zinc- Total 126 80 

\Organic Benzo(b )fluoranthene 0.0711 0.049" 
Organic Benzo(k)fluoranthene 0.0541 0.049" 

Organic Bis(2-ethylhexyl)-
5.14 4 3.5 phthalate 

Or-ganic Ch_l}lsene 0.113 0.049" 
Organic lndeno(1 ,2,3-cd)pyrene 0.0599 0.049" 
Organic PAHs 0.6754 0.0088 
Pesticide 4,4'-DDE 0.0757 0.00059" 
Pesticide DDT 0.0757 0.00017 
Blank cells denote no exceedance of a water quality objective. 
"""- CTR Human Health objective for consumption of organisms only. 
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Table 67· Water Quality Objective Exceedances at Land Use Site 1-2 
Constituent 

10/16/04 Basin Plan CTRFW Ocean Plan 
Classification (in pg!L except where Result Objective Acute Daily Max 

noted) Objective Objective 
Bacteriological E. Coli (MPN/1 00 ml) 288000 235 

Bacteriological 
Fecal Coliform 

50000 400 
(MPN/1 00 ml) 

Conventional 
Total Dissolved Solids 

760 500 
(mg/L) 

Metal Aluminum- Total 2460 1000 
Metal Chromium- Total 8.42 8 
Metal Copper- Total 43.5 12 
Metal Zinc- Total 138 80 
Organic Benzo(b )fluoranthene 0.0907 0.049" 
Organic Benzo(k)fluoranthene 0.0851 0.049" 

Organic 
Bis(2-ethylhexyl)- 13.4 4 5.9" 3.5 
phthalate 

Organic Chrysene 0.103 0.049" 
Organic PAHs 0.6008 0.0088 
Pesticide 4,4'-DDE 0.0819 0.00059" 
Pesticide DDT 0.0819 0.00017 
Blank cells denote no exceedance of a water qual1ty objeCtive. 
"""- CTR Human Health objective for consumption of organisms only. 

Table 68: Water Quality Objective Exceedances at Land Use Site A-1 

I 
Constituent 

10/16/04 Basin Plan 
CTRFW I Ocean Plan 

Classification (in pg/L except where Result Objective 
Acute Daily Max 

noted) Objective Objective 
Bacteriological E. Coli (MPN/1 00 ml) 1000 235 

Bacteriological 
Fecal Coliform 1100 400 
(MPN/1 00 ml) 

Conventional 
Total Dissolved Solids 

860 500 
(mg/L) 

Metal Aluminum- Total 8630 1000 
Metal Chromium- Total 23.7 8 
Metal Copper- Total 42.1 12 
Metal Lead- Total 10.9 8 
Metal Mercury- Total 0.0621 0.051" 
Metal Nickel- Total 30.7 20 
Metal Zinc- Total 136 80 
Nutrient Nitrate as N (mg/L) 22.7 10 I 
Organic PAHs 0.0678 0.0088 
Pesticide 4,4'-DDD 0.0799 0.00084" 
Pesticide 4,4'-DDE 0.546 I 0.00059" 
Pesticide DDT 1.3362 0.00017 
Blank cells denote no exceedance of a water quality objeCtive. 
"~"- CTR Human Health objective for consumption of organisms only. 

Potential Problematic Constituents 

A review of Table 61 through Table 68 provides the following observations: 

Bacteriological 

All Receiving Water and Mass Emission sites recorded concentrations greater than water quality 
objectives for E. Coli and Fecal Coliform. Likewise, runoff from the R-1, I-2, and A-1 Land Use sites 
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9~5 Sample Collection · . ·. . · : · ·. , . · . 

Sampling conducted by the Stormwater Monitoring Program during 
previous years has consisted of a first-flush/early-season storm and other 
mid-season or late-season storms. This year only mid-season storm 
events were captured since the first storms of the monitoring season 
occurred during the Stormwater Monitoring Program's "blackout" dates, 
the Thanksgiving and Christmas holidays. Additionally, little precipitation 
has fallen during the 2003/04 monitoring season, and thus produced few 
wet weather events suitable for monitoring. A total of three wet weather 
events were monitored during the month of February 2004: February 2-3 
(Event 1), February 18-19 (Event 2), and February 25-27 (Event 3). 
Storm event sampling criteria contained in the NPDES permit specify that 
not more than 0.1 inch of rain occurs during the 72 hours preceding a 
monitored event. Storms are selected for monitoring based on the 
antecedent conditions (72-hour dry period), fulfillment of the dry period, 
and predicted precipitation. The three dry weather events were monitored 
on April 13-15 (Event 4), May 27-28 (Event 5), and June 14-15 (Event 
6). Dry weather events are monitored when there has been at least 72 
hours since the last measurable rainfall (0.01 inches). 

At the Calleguas Creek (ME-CC) and Ventura River (ME-VR) sites 
automated composite samplers are programmed to collect flow
proportional samples based on water v.olume passing by the station during 
wet weather monitoring. The flow volume necessary to trigger sample 
collection is determined based on the predicted amount of precipitation 
over a specific period of time and the estimated volume of runoff from the 
watershed. These values are based on 60 years of historic precipitation 
data used to develop runoff tables included in the Standard Operating 
Procedures. Samples at ME-SCR are collected on a time-paced basis 
during wet weather monitoring because flow-proportional compositing is 
not possible due to· the diversion of Santa Clara River water by the United 
Water Conservation Distri.ct. The Stormwater Monitoring Program has 
installed a flow gauge in the diversion channel to monitor flow diverted to 
infiltration ponds during dry weather, as well as a flow meter on top of the 
Freeman Diversion Dam to measure flow during wet weather. Time-paced 
composite samples were collected at the Land Use (A-1, I-2, R-1) and 
Receiving Water (W-3, W-4) sites. Receiving water site W-4 collects 
samples on a time interval basis because sample to volume (runoff) tables 
are not available. All water quality samples collected during 2003/04 dry 
weather monitoring at the Mass Emission stations were collected as time
paced composites. 

The Santa Clara River (ME-SCR), Ventura River (ME-VR), Wood Road (A-
1), and both Receiving Water (La Vista, W-3, and Revolon Slough, W-4) 
monitoring sites have hard line phone and electrical connections and 
refrigerated sampling units. The Calleguas Creek (ME-CC) station 
possesses a cellular phone connection and runs on solar/battery power. 
The Ortega Street (!-2) and Swan Street (R-1) Land Use sites do not 
possess phone or power conn~ctions, and utilize portable refrigerated 
samplers for sampLe collection. Automated data logging is available at all 
sites, while tipping bucket rain gauges are installed at all sites except for 
I-2, R-1, and ME-VR. Additionally, all sites except for I-2 and R-1 can be 
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exist, the CTR Human Health (Organisms Only) objectives were used in the 
dry weather comparison. The CTR Human Health (Organisms Only) 
objective was included here because these constituents have no other 
objectives for comparison. These objectives are used even though they 
are based on long-term risks to human health that cannot be directly 
correlated to stormwater discharges or periodic "snapshots" of baseline dry 
weather conditions. 

Objectives in the CTR for metals are calculated based on the hardness of the water. 
This analysis used the hardness value measured at a particular site during a 
particular monitoring event for calculating a certain metals objective, except when 
the measured hardness was greater than 400 mg/L. The CTR sets a hardness cap of 
400 mg/L for calculating metals objectives, so any measured hardness value above 
400 mg/L was set equal to 400 mg/L for the purposes of the calculation. 
Table 9-70 through Table 9-77 (shown on pages 9-125 through 9-128) present 
water quality objective exceedances .at Mass -Emission and Receiving Water sites 
based on an analysis of the 2003/04 monitoring data. Table 9-73 through 
Table 9-75 (shown on page 9-127) specifically show water quality objectives 
exceedances observed at Mass Emission sites during dry weather monitoring events. 

Table 9-70: Water Quality Objective Exceedances at Mass Emission Station 
ME-CC Observed durin Wet Weather Monitori 

Blank cells denote no exceedance of a water quality objective. 
A CTR 'Human Health objective for consumption of organisms only. 
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Table 9-71: Water Quality Objective Exceedances at Mass Emission Station 
ME-SCR Observed durmg Wet Weather Momtormg Events 

Bacterio
logical 
Bacterio
logical 
Metal 
Metal 
Metal. 
Metal 
Metal 
Metal 
Metal 
Organic 
Organic 
Organic 
Organic 
Organic 
Organic 
Organic 
Pesticide 

Fecal Coliform 

Aluminum- Total 
Arsenic- Total 
Barium- Total 
Cadmium- Total 
Mercury- Total 
Nickel -Total 
Selenium- Total 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b )fluoranthene 
Benzo(k)fluoranthene 
Bisj2-ethylhexyl)phthalate 
Chrysene 
lndeno(1,2,3-cd)pyrene 
4,4'-DDE 

MPN/ 
100 ml 2800 

IJg/L 2450 
84.7 
1400 

IJg/L 101 
IJg/L 0.631 

173 
IJg/L 154 
IJg/L 0.254 
IJg/L 0.238 
IJg/L 0.822 
IJg/L 0.739 
IJg/L 9.88 
IJg/L 0.737 
IJQ/L 0.207 
IJg/L 0.153 

Blank cells denote no exceedance of a water quality obJective. 

6300 235 

.7000 400 
17200 1000 

50 
1000 

6.74 5 
0.365 

100 
50 

0.2 

4 

*No Basin Plan or CTR exceedances were observed for the second monitoring event (2/18/04) conducted at this site. 
"CTR Human Health objective for consumption of organisms only. 

Q.Q51A 

Q.Q49A 
Q.Q49A 
Q.Q49A 
Q.Q49A 

Q.Q49A 
Q.Q49A 

Q.QQQ59A 

Table 9-72: Water Quality Objective Exceedances at Mass Emission Station 
ME•VR Observed durin Wet er Monitori Events 

1600 1700 400 

2300 

Blank denote no exceedance of a water quality objective. 
*No Basin Plan or CTR exceedances were observed for the second monitoring event (2/18/04) conducted at this site. 
"CTR Human Health objective for consumption of organisms only. 
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500 

mg/L 

j.Jg/L 4.65 

Blank cells denote no exceedance of a water quality objective. 
A CTR Human Health objective for consumption of organisms only. 

Blank cells denote no exceedance of a water quality objective. 
**CTR Chronic Freshwater objective. 

860 

1100 400 

950 910 850 

5.45 4 

4 

Table 9-75: Water Quality Objective Exceedances at Mass Emission Station 
ME-VR Observed duri Weather Monitorin Events 

Blank cells denote no exceedance of a water quality objective. 
**CTR Chronic Freshwater objective. 
A CTR Human Health objective for consumption of organisms only. 
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Table 9-76: Water Quality Objective Exceedances for Receiving Water Site 
w-3 w:::r 2= 3 7"' 

Blank cells denote no exceedance of a water quality objective 
* CTR Acute Freshwater objective. 
11 CTR Human Health objective for consumption of organisms only. 

Water Quality Objective Exceedances for Receiving Water Site 
2c.>C.3/""'~ 

9.9.5 Land Use Discharge Analysis 

In order to assess whether or not discharges from the stormwater system 
are contributing to the exceedances of objectives identified in the 
receiving waters, Land Use discharge data were analyzed in the same 
manner as the Mass Emission and Receiving Water data. 

The 2003/04 wet weather monitoring data from Land Use sites were 
compared to the Basin Plan and Californ·ia Taxies Rule objectives 
previously descr.ibed. Although the Land Use stations are not always 
located in each of the watersheds for which Receiving Water samples are 
collected, the sites were chosen to provide representative data to be used 
to describe the water quality of discharges from urban, industrial, and 
agricultural areas in Ventura County. As a result, for this analysis, the 
Land Use objective exceedances are compared to the receiving water 
objectives exceedances in all watersheds even if they are not specifically 
located in that watershed. This comparison allows the Stormwater 
Monitoring Program to determine whether certain land use types may be 
contributing to the objectives exceedances in receiving waters. Table 9-

Ycmt.lf(l .t;;;Qtmli)Jrw,U/(• 
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78 through Table 9-80 (shown on pages 9-129 and 9-130) present water 
quality objective exceedances at Land Use sites based on an analysis of 
the 2003/04 wet weather stormwater monitoring data. 

MPN/ 
100 mL 

Fecal Coliform MPN/ 
100 ml 

Conventional pH (result < 6.5) pH 
Units 

Metal jJg/L 

Metal jJg/L 

Blank cells denote no exceedance of a water quality objective. 
*CTR Acute Freshwater objective. 
"CTR Human Health objective for consumption of organisms only. 

3000 

6.11 

2620 

10.9A 

A. CTR objective calculated when measured Total Hardness= 48.1 mg/L. 
B. CTR objective calculated when measured Total Hardness= 36.6 mg/L. 

~·~~rittrCI. (;tnp·z;fyLt,·j,cff' 

:sr~Jz-rn'l-v~-~~~ ·Q.r.u-,~H.~y 

J,\<;a;~u.~g;::nz.r;·.P~J 'PrtJ;:l:a~~~ A00S437 

500 400 

6.35 6.5 

1440 1000 

11.1 B 6.74' 
5.21 8* 
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Table 9-79: Water Quality Objective Exceedances at Land Use Site 1-2 , .. 

11'!;5;~~;~~1::•• • ~~~~~i!~1l~0!f~~·;j,·;,[~~f·~[-~;~'~t}](:Br~l~l~fl~Ri 
MPN/ 

Bacteriological E. Coli 100 ml 8400 1730 235 
MPN/ 

Bacteriological Fecal Coliform 100 ml 8000 1100 400 
pH 

Conventional pH (result< 6.5) Units 6.46 6.44 6.5 
Aluminum-

Metal Total iJg/L 1630 
Metal Mercury- Total J.Jg/L 
Metal Selenium- Total !1Q/L 253 

Benzo(a) 
Organic anthracene J,Jg/L 0.0532 
Organic Benzo(a)pyrene J,Jg/L 0.082 

Benzo(b) 
Organic fluoranthene J.Jg/L 0.158 

Benzo(k) 
Organic fluoranthene iJg/L 0.136 
Organic Chrysene J,Jg/L 0.186 

Dibenz(a,h) 
Organic anthracene iJg/L 

lndeno(1 ,2,3-cd) 
Organic pyrene iJg/L 0.115 
Pesticide 4,4'-DDE iJg/L 0.0241 
Blank cells denote no exceedance of a water quality objective. 
"CTR Human Health objective for consumption of organisms only. 

Blank cells denote no exceedance of a water quality objective. 
"CTR Human Health objective for consumption of organisms only. 

l'~;Jfurn C(llr.ui~)'1:VJrlr

St(.lf""llt1trU.t.r~r qu~llizJ~ 

;) ... ~.ruu~.;_!~!ill'ttt-nJ }1ilrQ:~rtt,1J 

1650 1000 
0.0629 

50 

0.208 
0.403 

0.576 

0.425 
0.412 

0.155 

0.784 
0.0308 

Q.Q51A 

Q.Q49A 
Q.Q49A 

0.049A 

0.049A 
0.049A 

0.Q49A 

0.049A 
0.0Q059A 
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4. Sample Collection 

Sampling conducted by the Stormwater Monitoring Program during previous years has consisted of a 
first-flush/early-season storm and other mid-season or late-season storms. This year only mid-season 
storm events were captured since the first storms of the monitoring season occurred during the 
Stormwater Monitoring Program's "blackout" dates, the Thanksgiving and Christmas holidays. 
Additionally, little precipitation has fallen during the 2003/04 monitoring season, and thus produced few 
wet weather events suitable for monitoring. A total of three wet weather events were monitored during 
the month ofFebruary 2004: February 2-3, February 18-19, and February 25-27. Storm event sampling 
criteria contained in the NPDES permit specify that not more than 0.1 inch ofrain occurs during the 72 
hours preceding a monitored event. Storms are selected for monitoring based on the antecedent 
conditions (72-hour dry period), fulfillment of the dry period, and predicted precipitation. 

At the Calleguas Creek (ME-CC) and Ventura River (ME-VR) sites automated composite samplers are 
programmed to collect flow-proportional samples based on water volume passing by the station. The 
flow volume necessary to trigger sample collection is determined based on the predicted amount of 
precipitation over a specific period of time and the estimated volume of runoff from the watershed. 
These values are based on historic precipitation and runoff tables included in the Standard Operating 
Procedures. Samples at ME-SCR are collected on a time-paced basis because flow-propo'rtional 
cornpositing is not possible due to the diversion of Santa Clara River water by the United Water 
Conservation District. The Stormwater Monitoring Program has installed a flow gauge in the diversion 
channel to monitor flow diverted to infiltration ponds during dry weather, as well as a flow meter on top 
of the Freeman Diversion Dam to measure flow during wet weather. Time-paced composite samples 
were collected at the Land Use (A-1, I-2, R-1) and Receiving Water (W-3, W-4) sites. 
Site W-4 collects samples on a time interval basis because sample to volume (runoff) tables are not 
available. The Santa Clara River (ME-SCR), Ventura River (ME-VR), Wood Road (A-1), and both 
Receiving Water (La Vista, W-3, and Revolon Slough, W-4) monitoring sites have hard line phone and 
electrical connections and refrigerated sampling units. The Calleguas Creek (ME-CC) station possesses 
a cellular phone connection and runs on solar/battery power. The Ortega Street (I-2) and Swan Street (R-
1) Land Use sites do not possess phone or power connections, and utilize portable refrigerated samplers 
for sample collection. Automated data logging is available at all sites, while tipping bucket rain gauges 
are installed at all sites except for I-2, R-1, and ME-VR. Additionally, all sites except for I-2 andR-1 
can be remotely accessed via telemetry, including the area velocity flow meter installed in the infiltration 
channel at ME-SCR. 

The sampling methods and sample handling procedures used during the 2003/04 monitoring year are· 
based on EPA Method 1669 and are described in the revised Ventura Countywide Stormwater 
Monitoring Program: Water Quality Monitoring Standard Operating Procedures 2000-2005 
Stormwater Monitoring (L W A, 2001) - a document also referred to as the Land Use an Receiving Water 
Guide. The sampling methods and sample handling procedures employed at Mass Emission monitoring 
sites are also based on EPA Method 1669 and are described in Ventura Countywide Stormwater 
Monitoring Program: Mass Emission Stations Water Quality Monitoring Standard Operating 
Procedures 2000-2005 (VCWPD, 2003)- a document also referred to as the Mass Emission Guide. The 
parameters required to be monitored by the Stormwater Monitoring Program are described as a part of 
NPDES Permit No. CAS004002 Section No. CL 7388. 

At Mass Emission, Receiving Water, and Land Use sites, both composite and grab samples are collected. 
Composite samples are collected in 20-liter containers and then delivered to the lab where they are split 
by pouring off with a tipper. When the splitting of a composite sample is performed, the composite 
sample is continually rocked in a sample-pouring stand to provide as much "non-invasive" mixing as 
possible. Sample splitting allows homogeneous aliquots of a single large water sample to be divided into 
several smaller samples for the purpose of delivering these smaller volumes of water to individual 
analytical laboratories as necessary. The volume of sample collected depends upon the volume required 
by the lab to perform requested QA/QC analyses. 
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In an effort to maintain quality control for the sampling program the sampling crew, in cooperation with 
the analytical laboratories, has minimized the number of laboratories and sample bottles used for 
analysis. This has minimized bottle breakage. increased efficiency, and reduced the chances for 
contamination of the samples. Also, a dedicated monitoring team is used to provide consistent sample 
collection and better quality control. All sites now feature automated flow measurement and sample 
collection that help to streamline the monitoring program and centralize sample collection. Remote 
access capability at all but two Land Use monitoring sites (1-2 and R-1) also provides data-on-demand 
which allows immediate onsite evaluation of stream conditions. 

For constituents analyzed from samples required to be collected as "grabs", samples arc ideally taken at 
the peak runoff flow to provide the best estimate for an event mean concentration (EMC). In practice it 
is difficult to both predict the peak flow and to allocate manpower such that all sites are grab-sampled at 
the storm event peak flow. It should be noted that peak flow times vary for each monitoring station due 
to the size and inl1erent characteristics of the watershed in which the site is located. All grab and 
composite wet weather samples collected during the 2003/2004 monitoring season are considered best 
available estimates of storm EMCs. 

The following table summarizes the samples collected at each of the monitoring locations during the 
2003/04 monitoring season. 

Table 6: 200 3/ 4 M ·t . E S 0 om onng vent ummary 

(Storm! (Storm! 
A-1 1~2 R-1 W-3 W-4 

ME-CC ME-SCR ME-VR 
Dry) Dry) 

Wood Ortega Swan La Vista Revolon Calleguas Santa Ventura 
Event Event Creek- Clara River-

Number Date 
Road Street Street Avenue Slough 

CSUCI River Foster Park 

1 2/2/04 CGT CGT CGT 
2 2/18/04 - CGT CGT 
3 2/25/04 - - -

Notes: 
"G" indicates that a grab sample was collected. 
"C" indicates that a composite sample was collected. 

CGT 
-
-

CGT CGT CGT 
- CGT CGT 
- CGT CGT 

''T" indicates that toxicity samples were collected. 
"·" indicates that no sample was collected. 

CGT 
CGT 
CGT. 

Figure 14: Grab Sample Collection in the Ventura River using EPA Sampling Protocols 
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Table 61· Water Quality Objective Exceedances at Mass Emission Site ME-CC 

Classifi- 212104 2118/04 2125/04 Basin 
CTR Constituent Units Plan cation Result Result Result 

Objective Objective 

Bacteria- E. Coli MPN/ 
20000 10000 235 

logical 100 ml 
Bacteria- Fecal Coliform MPN/ 

9000 50000 400 
log_ical 100 ml 
Metal Aluminum- Total pg/L 3450 55500 1000 
Metal Barium -Total pg/L 1290 1990 1000 
Metal Beryllium -Total pg/L 4.44 5.31 4 
Metal Cadmium -Total pg/L 27.3 52.6 5 
Metal Chromium -Total pg/L 169 232 50 
Metal Mercury- Total pg/L 0.263 0.435 0.051/\ 
Metal Nickel- Total pg/L 324 513 100 
Pesticide 4,4'-DDE pg/L 0.0443 0.0592 0.00059/\ 
Organic Chrysene pg/L 0.0535 0.049/\ 

Blank cells denote no exceedance of a water quality obJeCtive 
A CTR Human Health objective for consumption of organisms only. 

Table 62: Water Quality Objective Exceedances at Mass Emission Site ME-SCR 

.Ciassifi- 212104 2125/04 Basin 
CTR Constituent Units * Plan cation Result Result Objective Objective 

Bacterio-
E. Coli 

MPN/ 
logical 100 mL 10000 6300 235 
Bacterio-

Fecal Coliform 
MPN/ 

logical 100 ml 2800 7000 400 
Metal Aluminum -Total pg/L 2450 17200 1000 
Metal Arsenic- Total pg/L 84.7 50 
Metal Barium -Total pg/L 1400 1000 
Metal Cadmium -Total pg/L 101 . 6.74 5 
Metal Mercury - Total pg/L 0.631 0.365 0.051/\ 

Metal Nickel- Total pg/L 173 100 
Metal Selenium -Total pg/L 154 50 
Organic Benzo(a)anthracene pg/L 0.254 0.049/\ 

Organic Benzo(a)pyrene pg/L 0.238 0.2 0.049/\ 
Organic Benzo(b )fluoranthene pg/L 0.822 0.049/\ 

Organic Benzo(k)fluoranthene pg/L 0.739 0.049/\ 
Organic Bis(2-ethylhexyl)phthalate pg/L 9.88 4 5.9/\ 

Organic Chrysene pg/L 0.737 0.049/\ 
Organic lndeno(1 ,2,3-cd)pyrene pg/L 0.207 0.049/\ 

Pesticide 4,4'-DDE pg/L 0.153 0.00059/\ 
Blank cells denote no exceedance of a water quahty obJeCtive 
*No Basin Plan or CTR exceedances were observed for the second monitoring event conducted at this 
site (i.e., 2003/04-2) 
ACTR Human Health objective for consumption of organisms only. 
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Table 63· Water Quality Objective Exceedances at Mass Emission Site ME-SGR 

Classifi- 212104 2125/04 Basin 
* CTR Constituent Units Plan cation Result Result 

Objective 
Objective 

Bacteria-
E. Coli 

MPN/ 
2000 1430 235 logical 100 ml 

Bacteria-
Fecal Coliform 

MPN/ 
1600 1700 400 loqical 100 ml 

Metal Aluminum -Total JJg/L 2300 3970 1000 
Orqanic Bis(2-ethylhexyl)phthalate JJQ/L 20.7 4 5.9 11 

Blank cells denote no exceedance of a water quality objeCtive 
*No Basin Plan or CTR exceedances were observed for the second monitoring event conducted at this site (i.e., 2003/04-2) 
ACTR Human Health objective for consumption of organisms only. 

Table 64· Water Quality Objective Exceedances for Receiving Water Site W-3 

Classifi-
cation Constituent Units 

Bacteria-
E. Coli 

MPN/ 
logical 100 ml 
Bacteria-

Fecal Coliform 
MPN/ 

logical 100 ml 

Metal Chromium- Total fJQ/L 
Metal Copper - Dissolved !Jg/L 
Metal Mercury- Total fJQ/L 
Nutrient Nitrite as N mg/L 
Pesticide 4,4'-DDD JJQ/L 
Pesticide 4,4'-DDE fJQ/L 
Blank cells denote no exceedance of a water quality objeCtive 
* CTR Acute Freshwater objective. 
11 CTR Human Health objective for consumption of organisms only. 

212104 Basin 
CTR 

Result Plan 
Objective 

Objective 

630 235 

460 400 

87.2 50 
29.1 14.96* 

0.477 0.051 A 

1.06 1 
0.0489 0.0008411 

0.348 0.0005911 

Table 65: Water Quality Objective Exceedances for Receiving Water Site W-4 
Classifi-

Constituent Units 212104 Basin Plan CTR 
cation Result Objective Objective 

Conventional Residual Chlorine JJQ/L 130 100 
Metal Aluminum -Total JJQ/L 17700 1000 
Nutrient Nitrite as N mg/L 6.14 1 
Pesticide 4,4'-DDD fJQ/L 0.0266 0.0008411 

Pesticide 4,4'-DDE JJg/L 0.181 0.0005911 

Blank cells denote no exceedance of a water quality objective 
A CTR Human Health objective for consumption of organisms only. 
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Land Use Discharge Analvsis 

In order to assess whether or not discharges from the stormwater system are contributing to the 
exceedances of objectives identified in the receiving waters, Land Use discharge data were analyzed in 
the same manner as the Mass Emission and Receiving Water data. 

The 2003/04 monitoring data were compared to the Basin Plan and California Toxics Rule objectives 
previously described. The following tables provide comparisons for sites R-1, I-2, and A-1. Although 
the Land Use stations are not always located in each of the watersheds for which Receiving Water 
samples are collected, the sites were chosen to provide representative data to be used to describe the 
water quality of discharges from urban and agricultural areas in Ventura County. As a result, for this 
analysis, the Land Use objective exceedances are compared to the receiving water objectives 
exceedances in all watersheds even if they are not specifically located in that watershed. This 
comparison allows the Stormwater Monitoring Program to determine whether certain land use types may 
be contributing to the objectives exceedances in receiving waters. Tables 66 through 68 present water 
quality objective exceedances at Land Use sites based on an analysis of the 2003/04 wet weather 
stormwater monitoring data. 

Table 66· Water Quality Objective Exceedances at Land Use Site R-1 

Classifi-
Constituent Units 

cation 

Bacteria-
E. Coli 

MPN/ 
logical 100 mL 
Bacteria-

Fecal Coliform 
MPN/ 

logical 100 mL 

Conventional 
pH (result< pH 
6.5) Units 

Metal 
Aluminum-

fJQ/L Total 

Metal 
Copper-

Jlg/L 
Dissolved 

Metal 
Zinc-

Jlg/L 
Dissolved 

Organic 
Benzo(a)-

flg/L 
anthracene 

Organic 
Benzo( a )pyren 

Jlg/L e 

Organic 
Benzo(b)-

fJQ/L fluoranthene 

Organic 
Benzo(k)-

Jlg/L fluoranthene 
Organic Chrysene Jlg/L 

Organic 
Dibenz(a,h)-

fJQ/L anthracene 

Organic 
lndeno(1 ,2,3-

Jlg/L 
cd) pyrene 

Pesticide 4,4'-DDE fJQ/L 
Blank cells denote no exceedance of a water qual1ty objective. 
"CTR Acute Freshwater objective. 

212104 
Result 

4100 

3000 

6.11 

2620 

10.9A 

0.0777 

0.0815 

0.111 

0.109 

0.172 

0.0829 

0.0312 

"CTR Human Health objective for consumption of organisms only. 

2/18/04 
Result 

1000 

500 

6.35 

1440 

11.1 B 

70.9 

0.315 

0.392 

0.366 

0.336 

0.415 

0.0956 

0.56 

0.0275 

Ventura Countywide Stormwater Quality Monitoring Report July 2004 

A009443 

.Basin 
Plan 

Objective 

235 

400 

6.5 

1000 

0.2 

CTR 
Objective 

6.74", 
5.21 8* 

49.99 

0.049A 

0.049A 

0.049A 

0.049A 

0.049A 

0.049A 

0.049A 

0.00059A 
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Table 67: Water Quality Objective Exceedances at Land Use Site 1-2 

2/2/04 2/18/04 Basin 
CTR Classification Constituent Units Plan Result Result 

Objective Objective 

MPN/ 
Bacteriological E. Coli 100 ml 8400 1730 235 

MPN/ 
Bacteriological Fecal Coliform 100 ml 8000 1100 400 

pH 
Conventional pH (result < 6.5) Units 6.46 6.44 6.5 

Aluminum-
Metal Total JJg/L 1630 1650 1000 
Metal Mercury- Total JJg/L 0.0629 0.051 11 

Metal Selenium- Total JJg/L 253 50 
Benzo(a) 

Organic anthracene fJg/L 0.0532 0.208 0.049 11 

Organic Benzo(a)pyrene JJg/L 0.082 0.403 0.04911 

Benzo(b) 
Organic fluoranthene JJg/L 0.158 0.576 0.049 11 

Benzo(k) 
Organic fluoranthene JJg/L 0.136 0.425 0.049 11 

Organic Chrysene JJg/L 0.186 0.412 0.049 11 

Dibenz(a,h) 
Organic anthracene JJg/L 0.155 0.049" 

lndeno(1 ,2,3-cd) 
Organic pyrene JJg/L 0.115 0.784 0.049 11 

Pesticide 4,4'-DDE JJQ/L 0.0241 0.0308 0.00059 11 

Blank cells denote no exceedance of a water quality objeCtive. 
11CTR Human Health objective for consumption of organisms only. 

Table 68: Water Quality Objective Exceedances at Land Use Site A-1 

Classification Constituent Units 2/2/04 Basin Plan 
Result Objective 

Metal Aluminum -Total JJg/L 11980 1000 
Nutrient Nitrate as N mQ/L 12 10 
Organic Hexachlorobenzene JJg/L 0.0043 
Organic Pentachlorophenol J.lg/L 1.22 1 
Pesticide 4,4'-DDD J.lg/L 0.0776 
Pesticide 4,4'-DDE J.lg/L 0.433 

Blank cells denote no exceedance of a water quality objective. 
11 CTR Human Health objective for consumption of organisms only. 

Potential Problematic Constituents 

A review ofTables 61 tlu·ough 68 provides the following observations: 

Bacteriological 

CTR 
Objective 

0.00077 11 

0.0008411 

0.00059 11 

All Receiving Water and Mass Emission sites recorded concentrations greater than water quality 
objectives for E. Coli and Fecal Coliform. Likewise runoff from the R-1 and I-2 Land Use sites 
exceeded bacteriological objectives for E. Coli and Fecal Coliform. Consistent with previous efforts by 
the Ventura Countywide Stormwater Quality Program (most recently the 2002/03 Annual Monitoring 
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Chapter 10 September 26, 2003 
Stormwater Monitoring Plan 

Ventura Stormwater Monitoring Chapter _;:o.::>~"~o:::>.3 
Executive Summary 

This chapter provides an investigation of stormwater program effectiveness, characterizes the surface 
water quality of Ventura County, and summarizes water quality data for monitoring conducted during 
the 2002/03 monitoring season. Analysis of samples collected at various sites throughout the 
watershed provides information to assess the impact of storm water discharges and helps characterize 
the status of surface water quality for watersheds within Ventura County. The monitoring aids in the 
identification of pollutant sources as well as the evaluation of stormwater program effectiveness. 
Considering program effectiveness in the evaluation allows for changes to be made in the stormwater 
program to resolve any problems that may exist. This adaptive management strategy :improves the 
quality and effectiveness of the storm water program and minimizes the impact of stormwater 
pollutant discharges on the watershed. 

For the 2002/03 monitoring season, a number of key points have been identified and are highlighted 
below. 

• For the 2002/03 monitoring season, there were a total of 6 monitoring events (3 wet weather and 3 dry 
weather. Samples were collected in accordance with permit requirements for the 2002/03 monitoring season. 
There was a successful collection of samples at all stations and events as shown in the table below: 

Wet Weather Events Dry Weather Events 
Station Event1 Event2 Event3 Event 4 Event 5 Event 6 

A-1 - - X - - -
R-1 - - X - - -
1-2 - - X - - -

W-3 - - X - - -
W-4 - - X - - -

ME-CC X x· X X X X 
ME-SCR X X X X X X 
ME-VR X X X X X X 

Executive 
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CHAPTER 10 SEPTEMBER 26, 2003 
STORMWATER MON1TOJUNG PLAN 

10.8.3 Toxicity Results 

Acute and chronic toxicity tests collected at the discharge, receiving water, and mass emission 
monitoring stations are summarized in Table 10-48 through Table 10-50 . 

.. Table 10-48. Acute Toxicity Results from the Land Use and Receiving Water Stations 

Station 

A-1 

I-2 

R-1 

W-3 

W-4 

ME-CC 

ME-CC 

ME-CC 

ME-CC 

ME-CC 

ME-CC 

ME-SCR 

ME-SCR 

ME-SCR 

ME-SCR 

ME-SCR 

ME-SCR 

ME-VR 

ME-VR 

ME-VR 

M!=-VR 

ME-VR 

ME-VR 

Veut.ura Cmmtvwitll? 
.'>tfwmwuter qu,dity 
;'vlam(\:C1n<'nl Prog.nrm 

Event Type 

Wet 

Wet 

Wet 

Wet 

Wet 

Wet 

Wet 

Wet 

Dry 
Dry 
Dry 
Wet 

Wet 

Wet 

Dry 
Dry 
Dry 
Wet 

Wet 

Wet 

Dry 
Dry 
Dry 

Acute Ceriodaphnia Survival 

Event Number LCSO TUa 

3 37.50% 2.67 

3 >100% 0 

3 >100% 0 

3 >100% 0.41 

3 72.20% 1.39 

1 36.84% 2.71 

2 >100% 0 

3 75.00% 1.33 

4 >100% 0 

5 >100% 0 

6 >100% 0 

1 >100% 0 

2 >100% 0 

3 >100% 0 

4 >100% 0 

5 >100% 0 

6 >100% 0 

1 >100% 0 

2 100% 1 

3 >100% 0 

4 >100% 0 

5 >100% 0 

6 >100% 0 
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CHAPTERlO SEPTEMBER 26,2003 
STORMWATER MONITORlNG PLAN 

• Table 10-58. Hardness Values Used Calculate CTR Metals Criteria 

SlteiD EventType Average Minimum Maximum 
A-1 Wet 360 139 790 
I-2 Wet 71 22 206 
R-1 Wet 53 12 288 
W-3 Wet 194 90 358 
W-4 Wet 547 212 1530 

ME-CC Wet 220 24 424 
ME-SCR Wet 576 388 684 
ME-VR Wet 272 122 393 
ME-CC Dry 358 319 408 
ME~SCR Dry 652 553 698 
ME-VR Dry 392 370 414 

The following tables provide summary statistics and percent exceedances for constituents 
exceeding at least one objective. Percentages denote the fraction of the total number of 
samples that have exceeded that particular objective. For example, if three out of 10 samples 
exceeded an objective, the constituent would have a 30% exceedance rate for the site. 

• Table 10-59. Mass Emissions Sites - Objective Exceedances Dry Weather (ME-CC) 

Total Ocean Plan 6 Month 
Constituent Fraction Samples Basin Plan Median 

Cadmium Total 10 0% 10% 

Copper Dissolved 10 90% 

Copper Total 10 90% 

E. Coli Total 5 60% 

Fecal Coliform Total 6 67% 

Nickel Dissolved 10 0% 90% 

Nickel Total 10 0% 90% 

Nitrate+Nitrite as N Total 5 100% 

Nitrate Nitrogen Total 10 70% 

Total Dissolved Solids Total 10 100% 

Zinc Dissolved 10. 20% 

Zinc Total 10 80% 

Total DDT Total 9 22%** 
**30-Day Carcmogen 
Blanks denote no standard available for comparison 
Total DDT is the sum of 2,4-DDD, 4,4-DDD, 2,4-DDE, 4,4-DDE, 2,4-DDT and 4,4-DDT 
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CHAPTER 10 SEPTEMBER 26, 2003 
STORMWATER. MONITORING PLAN 

• Table 10-60. Mass Emissions Sites- Objective Exceedances Dry Weather (ME-VR) 

Total OcaanPian6 
Constituent Fraction Samples Basin Plan Month Median CTRChronlc 

Copper Dissolved 10 20% 0% 

Copper Total 9 44% 

Fecal Coliform Total 6 17% 

Nickel Dissolved 10 0% 40% 0% 

Nickel Total 9 0% 56% 

Total Dissolved Solids Total 10 100% 

Zinc Total 9 22% 

Total DDT Total 9 11%** 
**30-Day Carcinogen 
Blanks denote no standard available for comparison 
Total DDT is the sum of 2,4-DDD, 4,4-DDD, 2,4-DDE, 4,4-DDE, 2,4-DDT and 4,4-DDT 

• Table 10-61. Mass Emissions Sites - Objective Exceedances Dry Weather (ME-SCR) 

Total 
Constituent Fraction Samples Basin Plan 

Copper Dissolved 7 

Copper Total 7 

Fecal Coliform Total 3 67% 

Lead Total 7 

Nickel Total 7 0% 

Selenium Total 7 0% 

Total Dissolved Solids Total 7 100% 
Blanks denote no standard available for companson 

'tfe!1Uma C<IWitl'~ddl.' 
StormwHh<r Q:;#Nty 
Afcmagem<'l1t Pn~l{Jnrn 

10-103 
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OcaanPian6 
Month Median CTRChronlc 

57% 0% 

86% 

14% 

29% 

0% 
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• Table 10-62. Mass Emissions Sites - Objective Exceedances Wet Weather (ME-CC) 

Constituent 

4 4-DDD 

4,4-DDE 

Ammon ia-N 

Cadmium 

Chromium 

Copper 

E. Coli 

Fecal Coliform 

Lead 

Mercury 

Nickel 

Nitrate Nitrogen 

Nitrite Nitrooen 

Thallium 

Total Dissolved Solids 

Zinc 

Total DDT 

*30-Day Non Carcinogen 
"*30-Day Carcinogen 

Total 
Fraction Samples 

Total 8 

Total 8 

Total 8 

Total 8 

Total 8 

Total 8 

Total 6 

Total 5 

Total 8 

Total 8 

Total 8 

Total 5 

Total 6 

Total 8 

Total 8 

Total 8 

Total 8 

Blanks denote no standard available for comparison 

Basin Plan 

13% 

25% 

50% 

40% 

0% 

0% 

40% 

50% 

38% 

25% 

Total DDT is the sum of 2,4-DDD, 4,4-DDD, 2,4-DDE, 4,4-DDE, 2,4-DDT and 4,4-DDT 

Ocean Plan CTR 
Dally Max Acute 

38% 

38% 

13% 

13% 

0%* 

38% 

38% 

13% 

25% 

38%* 

25% 

38%** 

• Table 10-63. Mass Emissions Sites - Objective Exceedances Wet Weather (ME-SCR) 

Total Ocean Plan CTR 
Constituent Fraction Samples Basin Plan Daily Max Acute 

Chromium Total 5 40% 0%* 

Copper Dissolved 5 20% 0% 

Copper Total 5 60% 

E. Coli Total 6 50% 

Lead Total 5 80% 

Nickel Total 5 0% 40% 

Total Dissolved Solids Total 5 100% 

Zinc Total 5 60% 

*30-Day Non Carcinogen 
Blanks denote no standard available for comparison 
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CHAPTERlO SEPTE:MBER 26, 2003 
STORMWATER MONITORING PLAN 

• Table 10-64. Mass Emissions Sites - Objective Exceedances Wet Weather (ME-VR) 

Constituent 

Ammania-N 

Copper 

E. Coli 

Fecal Coliform 

·Nickel 

·Nickel 

Nitrite Nitrogen 

·-Thallium 

·Total Dissolved Solids 

Zinc 

·Zinc 

·Total DDT 

*30-Day Non Carcinogen 
**30-Day Carcinogen 

Total 
Fraction Samples 

Total 8 

Total 8 

Total 6 

Total 5 

Dissolved 8 

Total 8 

Total 6 

Total 8 

Total 8 

Dissolved 8 

Total' 8 

Total 8 

Blanks denote no standard available for comparison 

Ocean Plan 
Basin Plan Dally Max 

13% 

25% 

50% 

40% 

0% 0% 

0% 13% 

50% 

13% 13%* 

50% 

25% 

25% 

25%** 

Total DDT is the sum of 2,4-DDD, 4,4-DDD, 2,4-DDE, 4,4-DDE, 2,4-DDT and 4,4-DDT 

H~ntrma CmmtYwidl.' 
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• Table 10-65. Receiving Water Sites- Objective Exceedances (W-3) poz/2?03 

Constituent 

4,4-DDD 

4,4-DDE 

Arsenic 

Benzo(a)pyrene 

Benzo(b )fluoranthene 

Cadmium 

Cadmium 

Chromium 

Chrysene 

Copper 

Copper 

Fecal Coliform 

Lead 

Lead 

Mercury 

Nickel 

Nickel 

Nitrite Nitrogen 

Silver 

Silver 

Total Dissolved Solids 

Zinc 

Zinc 

Total DDT 

*30-Day Non Carcinogen 

**30-Day Carcinogen 

***CTR Human Health 

Total 
Fraction Samples 

Total 11 

Total 12 

Total 14 

Total 5 

Total 6 

Dissolved 14 

Total 14 

Total 14 

Total 7 

Dissolved 13 

Total 14 

Total 12 

Dissolved 14 

Total 14 

Total 14 

Dissolved 14 

Total 14 

Total 13 

Dissolved 14 

Total 14 

Total 14 

Dissolved 14 

Total 14 

Total 12 

Blanks denote no standard available for comparison 

Ocean Plan 
Basin Plan Dally Max 

29% 50% 

0% 

7% 7% 

21% 21% 

57% 0%* 

92% 

100% 

100% 

43% 

93% 

0% 36% 

0% 21% 

43% 86% 

92% 

7% 

21% 

14% 

14% 

93% 

92%-

Total DDT is the sum of 2,4-DDD, 4,4-DDD, 2,4-DDE, 4,4-DDE, 2,4-DDT and 4,4-DDT 

Tt.:<'l'fXlra rCau:n.tv~1ddt' 
StortnV.?.t"t·t.e~, O.t;:td:?h..
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82%*** 

92%*** 

20%*** 

17%*** 

0% 

0% 

14%*** 

92% 
' 

0% 

0% 

0% 
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• Table 10-66. Receiving Water Sites - Objective Exceedances (W-4) 2cc 2-/ J..oO 3 

Constituent 

4,4-DDD 

4,4-DDE 

Arsenic 

Cadmium 

Chromium 

Copper 

Copper 

Fecal Coliform 

Lead 

Lead 

Mercury 

Nickel 

Nitrate Nitrogen 

Nitrite Nitrogen 

Silver 

Silver 

Total Dissolved Solids 

Zinc 

Zinc 

Total DDT 

*30-Day Non Carcinogen 

**30-Day Carcinogen 

***CTR Human Health 

Fraction 

Total 

Total 

Total 

Total 

Total 

Dissolved 

Total 

Total 

Dissolved 

Total 

Total 

Total 

Total 

Total 

Dissolved 

Total 

Total 

Dissolved 

Total 

Total 

Blanks denote no standard available for comparison 

Total Basin Ocean Plan 
Samples Plan Dally Max 

11 

11 

11 O% 18% 

11 18% 18% 

11 64% 0%* 

10 30% 

11 91% 

10 100% 

10 20% 

11 73% 

10 0% 40% 

11 18% 73% 

3 67% 

9 89% 

10 10% 

11 18% 

11 64% 

10 20% 

11 91% 

11 91%** 

Total DDT is the sum of 2,4-DDD, 4,4-DDD, 2,4-DDE, 4,4-DDE, 2,4-DDT and 4,4-DDT 

Hmr:w:rJ Cm.rntvwkl1.> 
StiW.rl'tW~!h!l' (J.t;d.ity 
A1"aiU1Ji<?llU'1U Progmm 
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73%-

91%*** 

0% 

0% 

0% 
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• Table 10-67. Land Use Sites - Objective Exceedances (A-1) 

Constituent 

4,4-DDD 

4,4-DDE 

Ammania-N 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Cadmium 

Chromium 

Chrysene 

Copper 

Copper 

Dieldrin 

Fecal Coliform 

lndeno( 1 ,2,3-c,d)pyrene 

Lead 

Lead 

Mercury 

Nickel 

Nickel 

Nitrite Nitrogen 

Silver 

Silver 

Total Dissolved Solids 

Zinc 

Zinc 

Total DDT 

*30-Day Non Carcinogen 

***CTR Human Health 

Total 
Fraction Samples 

Total 12 

Total 14 

Total 19 

Total 8 

Total 7 

Total 8 

Total 8 

Total 19 

Total 19 

Total 10 

Dissolved 19 

Total 19 

Total 6 

Total 19 

Total 6 

Dissolved 19 

Total 19 

Total 20 

Dissolved 19 

Total 19 

Total 15 

Dissolved 19 

Total 19 

Total 18 

Dissolved 19 

Total 19 

Total 14 

Blanks denote no standard available for comparison 

Ocean Plan 
Basin Plan Dally Max 

16% 

0% 

42% 47% 

74% 0%* 

68% 

95% 

50%** 

95% 

26% 

84% 

0% 25% 

0% 42% 

37% 95% 

93% 

11% 

32% 

72% 

21% 

89% 

100%** 

Total DDT is the sum of 2,4-DDD, 4,4-DDD, 2,4-DDE, 4,4-DDE, 2,4-DDT and 4,4-DDT 

··~-:t .. nr:ra~(t Cou,fr.n..-~!dde 
St-orstJ·H~.fj.fel' (C:J;J..·;,l.ity 
:.:\Ja.t-u.:rse~tt.t'nt .r~rogn~rrt 
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CTR 
Acute 

75%*** 

100%*** 

13%*** 

14%*** 

13%*** 

25%*** 

50%*** 

5% 

0% 

33%*** 

0% 

0% 

0% 

0% 
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SEPTEMBER 26, 2003 

• Table 10-68. Land Use Sites - Objective Exceedances (I-2) 

Constituent 

4 4-.DDD 

4 4-DDE 

Benzo( a )anthracene 

Benzo( a )pyrene 

Benzo(b )fluoranthene 

Benzo(k)fluoranthene 

bis(2-ethylhexyl)phthalate 

Cadmium 

Chromium 

Chrysene 

Copper 

Copper 

Dibenzo(a,h)Anthracene 

Fecal Coliform 

Indeno_(1,2,3-c d)pyrene 

Lead 

Lead 

Mercury 

Nickel 

Nickel 

Nitrite Nitrogen 

Silver 

Zinc 

Zinc 

Total DDT 

*30-Day Non Carcinogen 

**3~-Day Carcinogen 

***CTR Human Health 

Fraction 

Total 

Total 

Total 

Total 

Total 

Total 

Total 

Total. 

Total 

Total 

Dissolved 

Total 

Total 

Total 

Total 

Dissolved 

Total 

Total 

Dissolved 

Total 

Total 

Total 

Dissolved 

Total 

Total 

Blanks denote no standard available for comparison 

Total Basin Ocean Plan 
Number Plan Dally Max 

3 

4 

4 

3 67% 

4 

3 

4 75% 75%** 

22 9% 9% 

22 5% 0%* 

4 

18 56% 

22 91% 

3 

20 100% 

3 

19 37% 

22 64% 

21 0% 10% 

19 0% 37% 

22 5% 64% 

19 53% 

21 14% 

19 26% 

22 86% 

4 100%** 

Total DDT is the sum of 2,4-DDD, 4,4-DDD, 2,4-DDE, 4,4-DDE, 2,4-DDT and 4,4-DDT 

Vent.·uf:a CmmtYwkJi.> 
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100%*** 

100%*** 

75%*** 

100%*** 

75%*** 

100%*** 

75%*** 

75%*** 

78% 

67%*** 

' 
100%*** 

5% 

0% 

26% 
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STORMWA TER MONJTORlNG PLAN 

• Table 10-69. Land Use Sites- Objective Exceedances (R-1) 

Constituent 

4,4-DDE 

Ammania-N 

Benzo(a)anthracene 

Benzo(a )pyrene 

Benzo(b )fluoranthene 

Benzo(k )fl uoranthene 

bis( 2 -ethyl hexyl )phtha I ate 

Cadmium 

Chrom·lum 

Chrysene 

Copper 

Copper 

Di benzo( a, h )Anthracene 

Fecal Coliform 

Indeno( 1 ,2,3-c,d)pyrene 

Lead 

Lead 

Mercury 

Nickel 

Nickel 

Nitrite Nitrogen 

Silver 

Total Dissolved Solids 

Zinc 

Zinc 

Total DDT 

*30-Day Non Carcinogen 

**30-Day Carcinogen 

***CTR Human Health 

Total 
Fraction Number 

Total 4 

Total 24 

Total 5 

Total 5 

Total 6 

Total 6 

Total 6 

Total 24 

Total 24 

Total 6 

Dissolved 20 

Total 24 

Total 3 

Total 22 

Total 6 

Dissolved 21 

Total 24 

Total 21 

Dissolved 21 

Total 24 

Total 24 

Total 23 

Total 24 

Dissolved 21 

Total 24 

Total 4 

Blanks denote no standard available for comparison 

Ocean Plan 
Basin Plan Dally Max 

4% 

0% 

17% 33%** 

4% 8% 

8% 0%* 

60% 

71% 

100% 

48% 

71% 

0% 10% 

0% 33% 

0% 42% 

33% 

13% 

4% 

24% 

75% 

100%** 

Total DDT is the sum of 2,4-DDD, 4,4-DDD, 2,4-DDE, 4,4-DDE, 2,4-DDT and 4,4-DDT 

CTR 
Acute 

100°/o*** 

80°/o*** 

40°/o*** 

67°/o*** 

67°/o*** 

oo/o*** 

100°/o*** 

70% 

33%*** 

33%*** 

5% 

0% 

29% 

Although the land use stations are not located in each of the watersheds for which rece1v1ng 
water samples are collected, the sites were chosen to provide representative data to be used to 
describe the water quality of discharges from urban and agricultural areas in Ventura County. As 
a result, for this analysis, the land use objective exceedances are compared with the receiving 
water objective exceedances in all watersheds even if they are not specifically located in that 
watershed. This comparison allows the program to determine whether certain land use types 
may be contributing to the objectives exceedances in the receiving waters. 
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4. Sample Collection 

Flow-based composite samples were collected at all sites except for the Santa Clara River (ME-SCR) and 
Revolon Slough (W-4). Site ME-SCR is sampled using time-based composite samples due to flow 
diversion at the dam. Site W-4 currently does not have sample to volume (runoff) tables to determine the 
flow volume intervals necessary for flow-based composite sampling during wet events. Runoff tables will 
be calculated and included in the next update of the Standard Operating Procedures. Grab samples are 
collected for some constituents at.all sites. 

Sampling during each year of the monitoring program has consisted of at least a first-flush/early-season and 
other mid-season or late-season storms. A total of three wet weather events were collected on November 7-
9, 2002, December 16-17, 2002 and February 11-13,2003. Storm event sampling criteria specify that not 
more than 0.1 inch of rain occurs during the 72 hours preceding a monitored event. Storms are selected for 
sampling based on the antecedent conditions (e.g. first-flush, early-season, etc.), fulfillment of the 72 hour 
"dry period," and weather forecasts. 

At mass emissions, receiving water, and land use sites, both composite and grab samples are collected. 
Composite samples are collected in 20-liter containers, then delivered to the lab where they are split by 
pouring offwith a tipper. When splitting of a composite sample is performed, the composite sample is 
continually rocked in the sample-pouring stand to provide as much "non-invasive" mixing as possible. The 
volume of sample collected depends upon the volume required by the lab to perform analytical tests. 

In an effort to maintain quality control for the sampling program the sampling crew, in cooperation with the 
labs, has minimized the number of analytical labs and sample bottles used for analysis. This has increased 
efficiency and reduced the chances for contamination of the sample. Also, a dedicated monitoring team is 
used to prevent inconsistent data gathering and better quality control. All sites now have automated flow 
and sampling with data logging and remote access capabilities to streamline the monitoring program and 
centralize sample collection. Remote access capability also provides data on demand allowing for onsite 
evaluation of stream conditions. 

At all sit~s except ME-SCR and W-4, automated composite samplers are programmed to collect flow 
proportional samples based on volume intervals passing by the station. The flow volume necessary to 
trigger sample collection is determined based on the predicted amount of precipitation over a specific time 
frame and the estimated volume of runoff of the watershed. These values are based on historic 
precipitation and runoff tables included in the Standard Operating Procedures. Samples at ME-SCR are 
collected on a timed interval basis because flow proportional compositing is not possible due to the 
diversion by United Water Conservation District. The VCWPD stormwater program has installed a flow 
gauge in the diversion channel to monitor flow diverted to infiltration ponds during dry weather. As 
discussed previously, another flow meter is planned to be installed at the river diversion gate at ME-SCR. 
Site W-4 collects samples on a time interval basis because sample to volume (runoff) tables are not 
available. Also, all stations except Calleguas have hard line phone and electrical connections and 
refrigerated sampling units. Calleguas Creek station is using cellular phone connection and solar/battery 
power. Automated data logging, rain gauges, and remote access are also installed at these sites. 

For constituents requiring a grab sample, samples are ideally taken at the peak runoff flow to provide the 
best estimate for an event mean concentration (EM C). In practice it is difficult to both predict the peak 
flow and to allocate manpower such that all sites are grab-sampled at the storm event peak river flow. All 
grab and composite wet weather samples in the 2002/2003 monitoring year are considered best available 
estimates of storm EMCs. 

The following table summarizes the samples collected at each of the monitoring locations for the current 
period. Unless specified in the table, all sites were sampled for water chemistry and toxicity. 
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Notes: 
"G" indicates that a grab sample was collected. 
·c· indicates that a composite sample was collected. 
"Tox" indicates that only toxicity samples were collected. 
·-· indicates that no sample was collected. 

5. Analyses Performed 

Sampling methods and sample handling procedures used in the 2002/03 monitoring year are based on the 
procedures described in the revised Ventura Countywide Stormwater Monitoring Program: Standard 
Operating Procedures 2000-2005 Stormwater Monitoring (LWA, 200 I) and Ventura Countywide 
Stormwater Monitoring Program: Standard Operating Procedures Mass Emission Monitoring (VCWPD, 
2003). The monitored parameter requirements are described as a part ofNPDES Permit No. CAS004002 
Section No. CL 7388. 

FGL Environmental of Santa Paula performed all tests e~cept mercury, TRPH, toxicity, bioassessment and 
bacteria. Monitoring program tests include: conventionals, microbiological, toxicity, bioassessment, and 
nutrient analyses, metals (except mercury), EPA 8141 and 8151 analyses for pesticides, EPA 8020 analyses 
for MTBE, 8270 analyses for chlorinated pesticides, PCBs, semi and non-volatile organics, TOC, and oil & 
grease analyses. Associated Laboratories was used to perform TRPH lab analysis. Frontier Laboratories 
performed low detection limit analysis for mercury samples. The Ventura County Health Care Agency 
Laboratorv performed bacteriological tests for E.Coli, Enterococcus, and Total and Fecal Coliform. 
Analytical methods comply with those outlined in the permit. The methods allow the laboratories to 
achieve the lowest possible detection limits. 

The toxicity tests were conducted by Aquatic Bioassay & Consulting of Ventura under the guidelines 
prescribed in Methods for Measuring the Acute Toxicity of Effluents and Receiving Waters to Freshwater 
and Marine Organisms (EPA 600/4-85/0 13). The toxicity tests include Acute Ceriodaphnia dubia and 
Chronic Menidia beryllina. Aquatic Bioassay & Consulting also performs the macroinvertebrate 
bioassessment testing in addition to toxicity. 
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Objectives in the CTR for metals are calculated based on the hardness of the water. For the purpose of this 
analysis, average hardness from the dataset at each site were used for the analysis. The following table 
summarizes the hardness at each site. The CTR sets a cap of 400 mg!L for calculating the objectives. For 
those sites with an average hardness of greater than 400 mg/L (ME-SCR and W-4), 400 mg!L was used to 
calculate the objectives. 

Table 46: Hardness Values Used Calculate CTR Metals Criteria 

Percentages denote the fraction of the total number of samples that have exceeded that particular objective. 
For example, if 3 out of 10 samples exceeded an objective, the constituent would have a 30% exceedance 
rate for the site. The following tables provide summary statistics and percent exceedances for constituents 
exceeding at least one objective. 

**30-Day Carcinogen 
Blanks denote no standard available for comparison 
Total DDT is the sum of2,4-DDD, 4,4-DDD, 2,4-DDE, 4,4-DDE, 2,4-DDT and 4,4-DDT 
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**30 Day Carcinogen . 
Blanks denote no standard available for comparison 
Total DDT is the sum of2,4-DDD, 4,4-DDD, 2,4-DDE, 4,4-DDE, 2,4-DDT and 4,4-DDT 
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Non Carcinogen 
**30Day Carcinogen 

Blanks denote no standard available for comparison 
Total DDT is the sum of2,4-DDD, 4,4-DDD, 2,4-DDE, 4,4-DDE, 2,4-DDT and 4,4-DDT 
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*30Day Non Carcinogen 
Blanks denote no standard ~vailable for comparison 

*30 Day Non Carcinogen 
**30 Day Carcinogen 

Blanks denote no standard available for comparison 

.. ;:1) 

Total DDT is the sum of2,4-DDD, 4,4-DDD, 2,4-DDE, 4,4-DDE, 2,4-DDT and 4,4-DDT 
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*30Day Non Carcinogen 
**30 Day Carcinogen 

***CTR Human Health 
Blanks denote no standard available for comparison 
Total DDT is the sum of2,4-DDD, 4,4-DDD, 2,4-DDE, 4,4-DDE, 2,4-DDT and 4,4-DDT 
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*30Day Non Carcinogen 

**30 Day Carcinogen 
***CTR Human Health 
Blanks denote no standard available for comparison 
Total DDT is the sum of2,4-DDD, 4,4-DDD, 2,4-DDE, 4,4-DDE, 2,4-DDT and 4,4-DDT 

Based on this analysis, metals and bacteria appear to frequently exceed objectives in the receiving waters in 
the Ventura County watershed. However, fecal coliform limits in the Basin Plan describe the criteria as 
being the log mean of200 :MPN/lOOml based on a minimum of 4 samples over a 30 day period. Although 
bacteriological samples for the program are collected once per event instead of over a 30 day period, this 
criteria of200MPN/100ml was used since no other fecal coliform criterion was available. 

A small number of organic constituents exceed a water quality objective at the mass emission and receiving 
water stations. As shown in the tables above, these constituents include: benzo(a)pyrene, 
benzo(b)fluoranthene and DDT associated .compounds. When performing a comparison to a water quality 
objective, all available data (1993 to present) for a constituent is compared to the objective. The total 
number of data points that exceed the objective are counted and used to calculate the percent exceedance. 

As the stormwater program became more effective over time, the data shows that the number of detected 
organic constituents decreases significantly. In the case ofbenzo(a)pyrene and benzo(b)fluoranthene, most 
of these data points that exceeded an objective did so at the e~rlier part of the program (1993-1999). In 
recent years (1999 to present), the number of organic compounds detected in the storm water samples has 
declined. · 

Although the detection rate for DDT and associated compounds has also declined in the past few years, 
concentrations of these pollutants are still found during stormwater monitoring at levels that exceed 
objectives. DDT was historically used in agricultural areas in the watershed and is a highly persistent 
compound. The concentrations seen in the current monitoring are likely a result of this historic use the 
amount of DDT remaining in the sediments in the County. 
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Table 55 through Table 57 below summarizes objective exceedances at land use sites. 

*30Day Non Carcinogen 
***CTR Human Health 

Blanks denote no standard available for comparison 
Total DDT is the sum of2,4-DDD, 4,4-DDD, 2,4-DDE, 4,4-DDE, 2,4-DDT and 4,4-DDT 

' ' 
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*30Day Non Carcinogen 
**30Day Carcinogen 

***CTR Human Health 
Blanks denote no standard available for comparison 
Total DDT is the sum of2,4-DDD, 4,4-DDD, 2,4-DDE, 4,4-DDE, 2,4-DDT and 4,4-DDT 
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*30Day Non Carcinogen 
**30Day Carcinogen 

***CTR Human Health 
Blanks denote no standard available for comparison 
Total DDT is the sum of2,4-DDD, 4,4-DDD, 2,4-DDE, 4,4-DDE, 2,4-DDT and 4,4-DDT 

Although the land use stations are not located in each of the watersheds for which receiving water samples 
are collected, the sites were chosen to provide representative data to be used to describe the water quality of 
discharges from urban and agricultural areas in Ventura County. As a result, for this analysis, the land use 
objective exceedances are compared with the receiving water objective exceedances in all watersheds even 
if they are not specifically located in that watershed. This comparison allows the program to determine 
whether certain land use types may be contributing to the objectives exceedances in the receiving waters. 

Ventura County Stormwater Report July 2003 64 

A0094SS 



I 
~ 
I 
~ 
I 
~-~ 

. 

'.;.:; 
'.'> 

I 
lll;<l'"1 

1
,1 

l 
r 

ME-CC 

CHAPTER 10 
MONITORING REPORT zoojjZ.oo Z. 

A total of seven monitoring events (two wet and five dry) were collected at 
the mass emission stations during 2001/02. The dates of sample collection at 
each site are shown in Table 10-5 (on page 10-9). Mass emission monitoring 
stations are shown in Figure 10-1. The site characteristics are summarized 
below in Table 10-4 (on page 10-6). 

160,640 Camarillo
Adohr 

ME-SCR Santa Clara River - at 
dam 1,003,524 

Fillmore Fish 
Hatchery 

ME-VR 

Ventura River - Foster west of 
Highway 33, on the south side of Cas 
Vista Road, just west of the Foster Pa 
Brid e 

Ojai-Stewart 
Canyon 

The mass emission stations, ME-CC and ME-vR, were installed and monitored 
for the first time in 2000/01. ME-SCR was first installed and monitored in 
2001/02. ME-CC and ME-VR mass emission samples are collected using 
automated flow proportional composite samplers (ISCO 6712). ME-SCR mass 
emission samples are collected on automated time proportional composite 
samplers .. ME-SCR station is located at a diversion dam where water is 
diverted by United Water Conservation District for ground water infiltration. 
Because of this, flow proportional composite sample collection is not possible. 
The stations are also configured for remote access monitoring using state of 
the art telemetry equipment. Rain gauges are available at ME-SCR and ME
CC. ME-vR and ME-SCR stations are also equipped with refrigeration units. 

10.3.4Sample Collection-Water Chemistry and Toxicity Monitoring 

For the 2001/02 monitoring season, there were a total of seven monitoring 
events, consisting of two wet weather events and five dry weather events. 
Samples were collected at the mass emissions sites for all seven events. The 
first wet weather event occurred on Nov. 12, 2001 and the second wet 
weather event occurred on March 7-8, 2002. Wet weather samples were 
collected only from the mass emissions sites. Rve dry weather monitoring 
events were monitored at the mass emission monitoring stations and one dry 
weather event at the land use and receiving water sites. Dry weather 
samples were collected as time-based composite samples over a 48-hour 
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CHAPTER 10 
MONITORING REPORT 2.oo I/ lc02-

period. Dry weather monitoring was conducted on August 7-81 2001 1 April 
111 20021 April 25r 20021 June 181 2002 and July 9, 2002. On April 111 20021 

a dry weather sample was collected at both the land use and receiving water 
sites. Due to insufficient flow at the La Vista receiving water site1 only one 
receiving water site1 Revolon Slough 1 was sampled for the 2001/02 
monitoring season. 

1) "G" indicates that a grab sample was collected. 
"C" indicates that a composite sample was collected. 
"-" indicates that no sample was collected. 
"* "indicates that dry monitoring sample was collected. 

2) Insufficient Flow Available 

10.3.5 Bioassessment 

The Ventura County Storm Water Monitoring Program also includes the 
bioassessment-monitoring program. A Work Plan for in-stream bioassessment 
monitoring in the Ventura River watershed was developed and submitted in 
January 2001 to the Regional Board as part of the revised Stormwater 
Management Plan. In addition to the preparation of the work plan, the County 
conducted a March 2001 training session on bioassessment monitoring 
techniques and participated in the Heal the Bay bioassessment training 
program. The Sustainable Land Stewardship Land Institute (Monique Borne) 
has also provided assistance to this program. The actual bioassessment 
monitoring was accomplished on September 24-26, 2001 and is included in 
the 2001/02 Annual Report. Figure 10-2 (on page 10-10) shows the 
bioassessment monitoring sites. 
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for most metals, objectives listed in the CTR are for dissolved metals. In 
order to perform a comparison with total metals data, the conversion factors 
identified in the CTR were used to convert a dissolved metal objective to a 
total metal objective. 

10.9 Comparison and Discussion of Resul~. . . . . 

10.9.1. Mass Emission and Receiving Water Analysis 

Data from the mass emission and receiving water stations were analyzed and 
compared to the objectives to determine the frequency of exceedances of 
objectives and identify potential pollutants of concern. The following tables 
describe the percent exceedance of. acute or chronic objectives for 
constituents exceeding one or more objectives at the mass emission and 
receiving water sites. A summary of all the constituents analyzed with 
summary statistics for those with sufficient data is induded in Appendix C. 

Also, listed in the following tables (on pages 10-60 through 10-63) are the 
minimum (min) and maximum (max) concentrations detected of the 
constituent. N denotes the total number of samples analyzed for the detected 
constituent. Dry weather · events were compared with CTR Chronic 
Freshwater, Ocean Plan 6 month median and Basin Plan objectives whereas 
wet weather events were compared to CTR Acute, Ocean Pian Daiiy 
Maximum, and Basin Plan objectives. For constituents that do not have any 
acute CTR, Ocean Plan or Basin Plan objectives to compare with, the California 
Taxies Rule Human Health Objectives for Organisms only is used for both wet 
and dry weather events. The California Taxies Rule Objectives for Organisms 
only is included here because these constituents have no other objectives for 
comparison in CTR. This objective is used even though human health 
objectives are based on long term risks to human health that cannot be 
directly correlated to stormwater discharges. 

Percentages denote the fraction of the total number of samples that have 
exceeded that particular objective. For example, out of a total of 10 samples, 
total copper at ME-CC has a 30% exceedance rate for the CTR Acute 
objective. This would mean that 3 out of the 10 samples exceeded the 
California Taxies Rule Acute Freshwater objective for total copper. 
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** Compared with CTR Human Health Objectives 
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* Have no applicable objectives ** Compared with CTR Human Health Objectives 
1. CTR and Ocean Plan objectives for Chromium are for Chromium III. 
2. 2 .. Basin Plan objectives for Chromium are for Total Chromium. 
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* Have no applicable objectives 
**Compared with CTR Human Health Objectives 
ND - Not Detected 

1. CTR and Ocean Plan objectives for Chromium are for Chromium III. 
2. Basin Plan objectives for Chromium are for Total Chromium. 
3. The one dry weather event collected at this site in 2001/02 was included with the wet 

weather samples for this analysis because it is the only dry weather sample available. 
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* Have no applicable objectives 
**Compared with CTR Human Health Objectives 
ND- Not Detected 
l.CTR and Ocean Plan objectives for Chromium are for Chromium III. 
2.Basin Plan objectives for Chromium are for Total Chromium. 
3.The one dry weather event collected at this site in 2001/02 was included with the wet 
weather samples for this analysis because it is the only dry weather sample available. 
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For constituents requiring a grab sample, samples are ideally taken at the peak runoff flow to provide the 
best estimate for an event mean concentration (EMC). In practice it is difficult to both predict the peak 
flow and to allocate manpower such that all sites are grab-sampled at the storm event peak river flow. All 
grab and composite wet weather samples in the 2001/2002 monitoring year are considered best available 
estimates of storm EMCs. 

For the 2001/02 monitoring season, there were a total of seven monitoring events, consisting of two wet 
weather events and five dry weather events. Included in this report are five monitoring events consisting of 
two wet weather and three dry weather events. Samples were collected at the mass emissions sites for all 
five events. The first wet weather event monitored occurred on Nov. 12, 2001 and the second wet weather 
event occurred on March 7-8, 2002. Wet weather samples were collected only from the mass emissions 
sites. Three dry weather monitoring events were monitored at the mass emission monitoring stations and 
from land use and receiving water sites for one dry weather event. Dry weather samples were collected as 
time-based composite samples over a 48-hour period. Dry weather monitoring was c.onducted on August 
7~8, 2001, April11, 2002, and April 25, 2002. On April 11; 2002, a dry weather sample was collected at 
both the land use and receiving water sites. Due to insufficient flow at the La Vista receiving water site, 
only receiving water site, Revolon Slough, was sampled for the 2001/02 monitoring season. Two other dry 
weather events were sampled on June 18th, 2002 and July 9th, 2002. Results of these events will be 
included in the October 2002 annual report . 
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The following table summarizes the samples collected at each of the monitoring locations. 

Notes: 
1) "G" indicates that a grab sample was collected. 

"C" indicates that a composite sample was collected. 
"-" indicates that no sample was collected. 
" • " indicates that dry monitoring sample was collected. 

2) Insufficient Flow Available 

Flow Rates 
Flow rates were calculated at each of the mass emissions sites to establish baseline conditions and load 
estimates. Flow rate was measured on an hourly basis at each mass emission station and averaged over a 
48 hour period for dry weather samples. Wet weather flow rates were calculated by averaging flow 
throughout the event. Table 5 summarizes flow rate at the mass emissions stations: 

Flow rates were calculated using flow volume data collected from ISCO data logging equipment. This data 
was then processed through ISCO Flowlink software to determine total volume over a 48 hour period. This 
total volume was then averaged to detennine a 24 hour (daily) average flow. Flow was not determined at 
the Santa Clara River mass emission station due to the irregular flowrates caused by the diversion dam. As 
described before, United Water Conservation District diverts water away from Santa Clara River at times 
for their infiltration facilities. There is no fixed time schedule for diverting water which makes it difficult 
to determine a daily average flow. 

Event 1 at ME-VR had some problems with the flow rate being calculated as zero. These zeroes were-not 
included in the 24 hour (daily) flow rate calculations. Reasons for zero flow rate calculated is the broad 
ratings curves used to .determine flow rate. To calculate flow rate using the ratings curves, the level of the 
river is measured and extrapolated against the ratings curve to determine flow rate. The resolution of the 
ratings curve during Event 1 was broad meaning that accuracy of flow rate calculation was not very good. 
A combination of low river levels (summer season) and broad resolution of the ratings curve calculated the 
flow rate to be close to zero. For subsequent events, a more accurate narrow resolution ratings curve was 
used to determine flow rate. 
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ND -Not Detected 
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*Have no applicable objectives 
ND - Not Detected 
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the work plan, the County conducted a March 2001 training session on bioassessment monitoring techniques. The 

actual bioassessment monitoring is scheduled to begin in the Fall of 2001. 

In January, 2001, the Ventura County Flood Control District (VCFCD) began participating in the Ventura 

River volunteer monitoring effort. The VCFCD provides technical guidance and assistance for volunteer monitoring 

at thirteen sites on the Ventura River. 

Summary of Monitoring Events 
SAMPLE COLLECTION 

;:~'f.()Y!'~~{~t'!Y~.~t.h~.rmon,i!prin,g.events were monitored in 2000/2001. Samples were :collectedatthe land use_ 

.and receiving water monitoring sites during one wet weather event and the .remaining three.eventswere,collectedat 
/,.:, ·;;.', '· '.• Yi;$:r:s. :- :~·~- •-:: :)·.~· ~,; .. ~,·--~:.\':· t:.~;. ~ c::. ~\.~:.f~~:; ·)~~~;~~~·,., !<.,.~-~ ·?~':.•· ~),:':c?.t ,.·~:~ ,,·:-:;-:'.~.c.'.<f'::~-~,>~:a·ic' ·: ~·· : .. •·)··::· ~'-./-:. "::;!~·~·;, .. · ·)·_%~~-~-.;,;> ~ · .. ", ;; ' .. ~..,,.. ·• ''"'' .·, ,.... •·· · · • · •·· ·.' "' · .,,,.;·.~- ·.~.-- . ·-:_:~- _: ·"· · • · · •· · ·• · 

the mass emission sites. One dry vveather,moQitoJj_ng ~vert yvas pon9ucted_~o.n. tylay t5., gQQ1 ;at:the;mass emiis~i9n,.: 
.. ··· -· · ·: ~r,.:,, .~;-:;··.-:.·· .,, .. l-,,, -:·:-~:··· ;'@'i:., '·-' ·. · -~!.:::r.:::t:·r:: v:.- -~~-;/\t~~<'T-~ .... ,~~1~;~--k~\;'-~.:; ;~~~<:,:~:~/) 1;·t.i;F1~?-~:..f-:.~t ~i\:\'ci~: ~-;·,·.J;:,':':; ~:-r.: .::-' :-.:·., .. ,,_, ,,\ .. , i •• ,. , , ....... .-•• ;.. • . • • 

stations: However, the complete set of results for this event have not yet been received from the laboratories, and a 
:'t<'-;,·:.;i!\.:··:s.·r:v·· 

discussion of this event is not included in this report. The wet weather monitoring events in 2000/2001 and the types 

of samples collected are summarized in Table 2. 

Samples were collected as either flow-based composite samples or as grab samples. Automated 

equipment was used to collect composite samples at all locations except W-4, where a permanent monitoring station 

has not been installed. A permanent monitoring station is in the process of being installed at W-4 and will be 

operational by the start of the 2001/2002 wet weather monitoring. In addition, the permanent monitoring stations at 

the discharge characterization sites (A-1, 1-2, and R-1) are being upgraded. The W-4 station and the upgraded units 

will be automated, refrigerated samplers with rain gauges and telemetry access similar to the equipment installed on 

at the two mass emission monitoring stations. The new equipment will be compatible with the new water quality YSI 

6600 water sonde purchased by the monitoring program. The sonde will allow the measurement of fourteen 

parameters (including dissolved oxygen, pH, temperature, conductivity, nutrients, chloride and chlorophyll-a) at five 

minute intervals. 
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can be interpreted as the best available estimate of the event mean concentrations (EMC) for the given storm event. 

Table 6 through Table 10 contain the water quality monitoring and toxicity monitoring results from the discharge 

characterization sites and the receiving water monitoring stations. A complete set of results, as exported from the 

database, is included as Appendix 2. The data in the appendix includes appropriate qualifiers identified in the 

QAJQC analysis. 

Table 6. Conventional and Nutrient Results from the Discharge Characterization and 
Receiving Water Stations 

-
' ... ('<" c: \0 1.)- 1:>1..-' 

1\/M'fa._.+ :,J{ 
'flt•.J '"'"'' v (' 

·, t .1 jto~~l 
--' ~ 

-
Constituent 

8005 

Conductivity 

·Hardness as CaC03 

pH 

Solids, Total Dissolved 

Solids, Total Suspended 

Bromide 

Chloride 

Fecal Coliform tj{)C> 

Fecal Streptococcus 

Total Coliform 

· Total Organic Carbon 

Oil and Grease 

Ammonia as N 

Nitrate as N 

Orthophosphate-P 

Phosphorus, Dissolved 

Phosphorus, Total 

TKN 

TRPH 

Units 

mg/L 

flmhos/cm 

mg/L 

STD UNITS 

· mg/L 

,mg/L 

mg/L 

mg/L 

MPN/100 ml 

MPN/100 ml 

MPN/100 ml 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

t!to1o1 (w£T) 
At-Wood Road W3-La Vista W4-Revolon Slough 

10 35 16 

279 314 420 

190 270 242 

8 7 7.6 

366 236 254 

2300 20000 4100 

<0.5 <0.5 <0.5 

17 16 20 

5000 J 30000.: 13000 II 

80000 300000 900000 

500000 900000 1600000 

7 29 12 

<3 <3 <3 

0.9 0.4 0.5 * 

7.66 4.64 4.94 * 

0.95 0.51 0.55 

0.99 0.57 0.64 

4.19 3.48 2.76 * 

9.8 14.8 10.9 * 

<0.5 <0.5 0.7 
. . .. 

• See Appendix 2 for a descnpllon of the data qualifiers associated With lh1s sample result. 
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1 
coL Table 7. 

~ --Pvc.s~.,.,.pt~ 

Metals and MTBE Results from the Discharge Characterization and Receiving 
Water Stations 

1/10/01 

1.3'10~ 
Constituent Fraction Units A1-Wood Road W3-La Vista W4-Revolon Slough 

Arsenic Total JJg/L 27 188 35 * 

I Lf.3M~ 
Arsenic Dissolved JlQ/L 4 4 

Cadmium Total JJg/L •:;.·:•;,:,,:)[:~!:<·: ;,9';'k.''t(j) )/ :,J 5,,7,, ,,:()~~~ li~;, ·,, ,,f1:5,.ct,..e. {Q~ .... ,,,''""•, ' . 
. ··~· ·' ,, 

Cadmium Dissolved JJg/L <0.2 <0.2 

I Jbn~ 

Chromium Total JlQ/L 178 690 171 * 

Chromium Dissolved JlQ/L_ 1 <1 

Copper Total JlQ/L 161 ..iZ50.. ~ 187 * 

I J3 ft..,; Copper Dissolved JlQ/L 8 _f~c~;~~~i}l· '47'i:P,r'JJ~~· ) 

Lead Total JlQ/L 54.3 440 69.8 * 

I 
Lead 

"' 
Dissolved JlQ/L 0.8 2.5 £~.~ .. ..,.,,1;0"'\H-

Mercury Total ng/L 279 97.1 282 * 

Mercury Dissolved ng/L <0.83 * <3.3 * <1.54 • 

I I{~ 
Nickel Total Jlg/L 152 570 145 • 

Nickel Dissolved JlQ/L 5 6 

"" Selenium Total fJQ/L 3 21 5 • 

Selenium Dissolved JJg/L <2 <2 

• Silver Total JlQ/L <1 1 * <1 . 
Silver Dissolved JlQ/L <1 <1 * 

I 
Thallium Total Jlg/L 1.1 3.5 1.7 • 

Thallium Dissolved JlQ/L <0.2 <0.2 
=~ Zinc Total JlQ/L 620 2900 * 540 • 

I tW 
~ 
-~ 

Zinc Dissolved Jlg/L <4 15 * 
Methyl Tertiary Butyl Ether JlQ/L <0.5 <0.5 <0.5 

.. 
See Appendix 2 for a description of the data qualifiers associated With th1s sample result. 
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fb..\0. 

I 
ID.9 

I _, 

I 
"" 

' 
I 

I A0094Ai 



I 
1', I , ,, 1 
l: t .,.,.j-et"~ 
f1~ (Jr~ 
I 
t' 

' I 
' ~ '~ ' 

~,, 
\ 

' 

I. 
N 

~ 
r 

Ventura Countywide Stormwater Monitoring Program 
2000/2001 Monitoring Report 

JULY 2001 

Table 8. Pesticides and PCBs Results from the Discharge Characterization and Receiving 
Water Sites 

i 

1/10/01 

Constituent Units At-Wood Road W3-La Vista W4-Revo/on Slough 

EPA 8270 

2,4'-DDD ng/L 110 <1 16.5 * 
2,4'-DDE ng/L 34.6 <1 12.3 * 
2,4'-DDT ng/L 451 * 247 * 92.9 * 
4,4'-DDE ng/L 1335 • 892 • 336 * 

4,4'-DDT ng/L 23 • 157 • 16 • 

Chlordane, alpha ~) ng/L 7.4 17.4 10.9 

Chlordane, gamma c;•· ng/L 5.87 12.1 
... 

6.54 

Methoxychlor ng/L <2 • <2 • <2 • 

Mirex ng/L <2 • <2 • <2 • 

Total Detectable DOTs ng/L . 1954 1296 474 • 

Remaining 8270 non-detect at 1, 2,1 0, and 100 ng/L 

EPA 8270 (PCBs) 

PCB018 ng/L 112 • <1 • 38.3 • 

Total Detectable PCBs ng/L 112 <1 38.3 

Remaining 8270 PCBs non-detect at 1 ng/L. 

EPA 8151 

2 4-D;~ · J) ~h!~j. 
'.1''''"''-' ···-, ... ~.···· /19/L,,,.,, , •. ·. ~-,~~~I.S}~i32~~~Q.~.Q, •.. ·~ .. ·•''' .~(;;1~:i~~!~~ :, ·~·~·:~~11\:q;J~t~:~;;~~;'-; !~ ;. ' ' 

'·<0~5 ,, 1"';;.,;.._ 

Dinoseb pg/L <0.25 0.4 • <0.25 

Remaining 8151 non-detect at 0.1 I 0.251 0.5, and 1 pg/L 

EPA 8141 

Chlorpyrifos pg/L <0.05 0.46 0.9 

Demeton pg/L <0.2 R* <0.2 R* <0.2 R* 

Diazinon pg/L 0.07' <0.05 0.22 

EPTC pg/L 0.16 * <0.1 0.4 • 

Malathion pg/L <0.1 <0.1 0.31 

Simazine pg/L <0.1 100 13 

Remaining 8141 non-detect at 0.1 I 0.210.510.71 and 1 pg/L. 

"R' i_ndicates a rejected organics result based on a laboratory control spike recovery below acceptable limits and the fact that the 
environmental sample result was not detected above the reporting limit. 

* See Appendix 2 for a description of the data qualifiers associated with this sample result. 
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Table 9. Semi/Non-Volatile Results (EPA 8270) from the Discharge Characterization and 
Receiving Water Sites 

1/10/01 

Constituent Units A 1-Wood Road W3-La Vista W4-Revolon Slough 

1-Methylnaphthalene ng/L 16 13 13 

1-Methylphenanthrene ng/L <5 <5 <5 * 

2,4-Dichlorophenol ng/L <50 65 <50 

2,6-Dimethylnaphthalene ng/L 15 <5 <5 * 

2-Methylnaphthalene ng/L 19 20 9 * 

Acenaphthene ng/L 13 <5 <5 

Anthracene ng/L 19 2Z 9 * 

Benzo(a)anthracene .. ,.,,,.,.-··: pg/4.:,;,::;c:,,,. ,., .... ,._, -;•··h .25.-.,>c,.;· ~- ··:·<:·· .. ;4:6., ........ ;.:,.:<' ,;,;,•;;.-.:;:,•·.'·.:;., .. ·<5 ;'t'''?i;';·$}::;-- I 
E!enzo(a)pyrerie"'~' , . •·· . ·; .. ~;;.f,~{.::t:,.• .ngfll::~::rcK\':: b-::·"''''"'·' ')7 ;}'!.<•··· 64;.:\\•'\,,,,,, . :; . ,., .. ,.,...,., .···ir~;;''·'· 23'.:.:~•.·;:,,•i;:;: ~:\~i\ ·•i "':· 
.Benzo(b)fluora11thene .•t;":~·•'it'HI8~~--· Qg/.4h~ ~': .: : :: ,,:~>:;;:;:;~;•:•.':2$:,'i:ti. iC.·. ·S, ii ·'•c·'·.·''''•·•·· ·9:L,,.,,~.·;:r:,,:.: 2J 

Benzo( e )pyrene ng/L 20 61 28 * 

Benzo(ghi)perylene ng/L 19 66 22 * ----·- --~~---

'-
Benzo(k)fluoranthene ng/L ... ~: ::?[).,;.,,;·: . ~~t:3f'l·•: ,; .. ,., 

1 '·'')'i;! .•• ,:'~'~?·~·~6.i~:~:!Ji?'2~' ~4~,-~ {~ ·.'-'~: 

Biphenyl ng/L -~- 5 18 12 * 

Bis(2-ethylhexyl)phthalate ng/L <240 * <299 * <213 * 

Butyl benzyl phthalate ng/L <23 * <10 <39 * 

Jf<::; Chrysene ng/L :~ 'S5i~§.'if~~:lit:• · I ·~<;;;[~i;'ii,:\~,)Vic'3h ;;.~,,.,..,., '•f''-"'· 

Di-n-octyl Phthalate ng/L 24 <10 23 * 

Dibutyl Phthalate ng/L <50 * <86 * <54* 

Diethyl Phthalate ng/L <103 * <112 * <66 * 

Dimethyl Phthalate ngfL· 57 * 49 * <10 * 

· Fluoranthene ng/L 86 114 56 * 

Fluorene ng/L 20 <5 <5 * 

lndeno(1 ,2,3-cd)pyrene ng/L 23 49 19 * 

Naphthalene ng/L 18 35 26 * 

Perylene ng/L <5 <5 14 * 

Phenanthrene ng/L 87 75 59 * 

Pyrene ng/L 70 95 41 * 

Total Detectable PAHs ng/L 596 905 415 *: 

Remaining Semi/Non-Volatiles non-detect at 5, 50, 100, 200, and 500 ng/L. 
.. 

* See Appendix 2 for a descnplion of the data qualifiers associated With th1s sample result. 
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Ventura Countywide Stormwater Monitoring Program 
2000/2001 Monitoring Report 

JULY 2001 

Table 10. Acute Toxicity Results from the Discharge Characterization and Receiving 
Water Stations 

1/10!01 
Toxicity Result Units 12-0rtega St. R1-Swan St. A1-Wood Rd. W3-La Vista W4-Revolon 

Acute Ceriodaphnia Survival LC50 100% 100% 37.5% 18.8% 18.8% 
Acute Ceriodaphnia Survival TUa 0 0 2.67 5.33 5.33 

_ _ _ __ At the agricultural-discharge station (A 1) and the two receiving water stations, which drain primarily 

agricultural areas, a number of commonly used pesticides (diazinon, chlorpyrifos, and simazine) were detected as 

well as a number of historically used pesticides (DDT and it's derivatives and chlordane). Additionally, a large 

number of semi-volatile and non-volatile compounds were detected in the runoff and receiving water. Discharges 

from the agricultural station exhibited toxicity, but significantly more toxicity was present in the receiving water. TIEs 

were requested by the VCFCD sampling crew on the chain-of-custody submitted to laboratory. However, the 

analyses were not conducted by the laboratory. In the future, the VCFCD will contact the laboratory to determine 

whether toxicity has been observed in the samples and ensure that TIEs are conducted if toxicity above 1 TUa is 

observed. Toxicity was not observed in the discharges from the industrial and residential monitoring locations. 
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Ventura Countywide Stormwater Monitoring Program 

I 2000/2001 Monitoring Report 
" , JULY 2001 

I Mass Emission Station Water Quality Results 

Table 11 through Table 15 present the results from the wet weather monitoring events at the Calleguas 

I Creek and Ventura River Mass Emission stations. 

Table 11. Conventional and Nutrient Results from the Mass Emission Stations 

ME-CC, Calleguas Creek ME-VR, Ventura River 

I 
Constituent Units 2/13/01 2/26/01 315/01 2/13/01 2/26/01 3/5/01 

BOD5 mg/L 27 16 • 10 30 3 4 

Conductivity Jlmhos/cm 356 438 388 455 631 263 

Hardness as CaC03 mg/L 184 204 142 184 272 122 

pH STD UNITS 8 7.8 8 7.7 8 8.1 

,. 
Solids, Total Dissolved mg/L 216 224 • 242 328. 420 .172 

Solids, Total Suspended mg/L 1620 3900 • 2100 920 190 3500 

Bromide mg/L <0.5 <0.5 <0.5 0.04 * <0.5 <0.5 
I I 

Chloride mg/L 21 29 18 16 13 4 

Fecal Coliform 4(-.bD MPN/100 ml 2200 30000 28000 5000 800 2300 

Fecal Streptococcus MPN/100 ml 2300 240000 140000 3000 17000 13000 I 
Total Coliform MPN/100 ml 30000 170000 500000 160000 13000 70000 

Carbon, Total Organic mg/L 5.2 12.9 • 7.3 5.9 6.9 5.7 

Oil & Grease mg/L <3 <3 <3 <3 <3 <3 

Ammonia as N mg/L 0.1 0.3 0.3 0.1 <0.1 0.1 

Nitrate as N mg/L 2.35 2.26 2.23 2.22 1.32 2.19 

Orthophosphate-P mg/L 0.37 0.44 0.5 0.29 0.14 0.15 

Phosphorus, Total mg/L 2.42 . 3.07 4.12 1.73 0.17 3.72 

Phosphorus, Dissolved mg/L 0.45 0.47 0.6 0.35 0.17 0.35 

TKN mg/L 2.5 7.6 4.5 6.2 2.5 5.6 

TRPH mg/L <0.5 <0.5 <I 0.17 • <0.5 <1 
. . .. 

* See AppendiX 2 for a descnpt1on of the data qualifiers associated With th1s sample result. 

ll 
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Ventura Countywide Stormwater Monitoring Program 
2000/2001 Monitoring Report 

JULY 2001 

Table 12. Metals Results from the Mass Emission Stations 

ME-CC, Calleguas Creek ME-VR, Ventura River 

Fraction Units 2/13/01 2/26/01 3/5/01 2/13/01 2126/01 3/5/01 

Total tJQ/L 14.6 14 . 10 7.2 <2 21 
Dissolved tJQ/L 5 4 2 3.2 <2 <2 
Total tJQ/L 4.65 5.3 2.7 5.45 0.8 2.7 
Dissolved f/Q/L <0.2 <0.2 0.2 <0.11 • <0.2 <0.2 
Total tJQ/L 140 129 80 53.8 16 151 

Dissolved tJQ/L <1 • 2 <1 • <1.1 • 2 <1 
Total tJQ/L 79.5 93 <62 • 41.2 10 104 

Dissolved tJQ/L <3.1 • 35. 12 <4.2 • 84~, <10 * 

Total f/Q/L 31.4 39.6 22.4 16.9 3.6 52.6 

Dissolved tJQ/L <0.48 • 3.1 <2 • <0.51 • 31.7 <4.3 * 

Total ng/L 265 133 93.9 35.2 11 .128 

Dissolved ng/L 2.14 3.63 3.97 3.38 2.11 1.6 

Total tJg/L· 105 112 58 53 17 137 

Dissolved tJQ/L <4.7 • 7 9 <4.7 * 9 5 

Total tJQ/L <4.4 • 4 3 <3.6. 3 5 

Dissolved tJQ/L <2.3 • <2 3 <2.8 • 2 2 

Total tJQ/L 0.6 • 2 <1 0.1 • <1 <1 

Dissolved tJQ/L 0.1 • <1 <1 <1 • <1 <1 
Total tJg/L 0.53 0.6 0.4 0.27 <0.2 0.9 

Dissolved tJQ/L <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 

Total tJg/L 273 290 101 • <105 • 41 450 

Dissolved tJQ/L <16.8 • 42 <26. <40.1 • 103 <44 * 
. . .. 

See AppendiX 2 for a descnpllon of the data qualifiers associated w1th th1s sample result. 
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Table 13. Pesticide and PCB Results from the Mass Emission Stations 

ME-CC, Cal/eguas Creek ME-VR, Ventura River 
Constituent Units 2/13/01 2/26/01 3/5/01 2113/01 2/26/01 3/5/01 

EPA 8270 

2,4'-0DD ng/L <1 <1 5.2 <1 <1 <1 

2,4'-DDT \ ng/L 6.9 11.8 12.9 <1 <1 <1 

4,4'-0DD ng/L 4.4 15.3 9.1 <1 <1 <1 

4,4'-DDE ng/L 49.6 119 83.3 8.3 <1 8.1 

4,4'-DDT ng/L 4.1 * <1 * 13.3 • <1 * <1 * <1 

Chlordane, alpha ng/L 2.8 1.5 <2 <2 <2 <2 

Chlordane, gamma ng/L 3.6 3.1 <2 
1 

<2 <2 <2 

Endosulfan Sulfate ng/L <2 * <2 <2 <2 * <2 <2 

Heptachlor ng/L <2 '" <2 * <2 <2 <2 * <2 

Methoxychlor ng/L <2 * <2 * <2 * <2 • <2 • <2 

Mirex ng/L <2 * <2 • <2 * <2 * <2 * <2 

Total Detectable DOTs ng/L 65 146 124 8.3 <1 8.1 

Remaining 8270 non-detect at 1, 2,1 0, and 100 ng/L. 

EPA 8270 (PCBs) 

PCB04 ng/L 9.2 <1 

PCB095 ng/L 4 <1 

Total Detectable PCBs ng/L 13;2 <1 <1 <1 <1 <1 

Remaining 8270 PCBs non-detect at 1 ng/L. 

EPA 8151 

2,4-D JlQ/L <0.5 <0.5 0.34 • <0.5 <0.5 <0.5 

Remaining 8151 non-detect at 0.1, 0.25, 0.5, and 1 ,ug/L. 

EPA 8141 

Chlorpyrifos JlQ/L <0.05 <0.05 0.04 * <0.05 <0.05 <0.05 

Diazinon JlQ/L 0.07 0.07 0.13 <0.05 <0.05 <0.05 

Ethoprop JlQ/L <0.1 * <0.1 <0.1 <0.1 • <0.1 <0.1 

Simazine JlQ/L 0.4 • 0.3 • 

Remaining 8141 non-detect at 0.1, 0.2, 0.5, 0.7, and 1 ,ug/L. 
. . .. 

* See Appendix 2 for a descnplion of the data qualifiers associated w1th this sample result. 
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Table 14. Semi!Non-Volatile Results (EPA 8270) from the Mass Emission Stations 

ME-CC, Calleguas Creek ME-VR, Ventura River 

Constituent Units 2/13/01 2/26/01 3/5/01 2/13/01 2/26/01 3/5/01 

1 ,2,4-1\richlorobenzene ng/L <50 <50 • <50 • <50 <50. <50 

1-Methylnaphthalene ng/L <5 <5 <5 15 <5 373 

1-Methylphenanthrene ng/L <5 <5 <5 17 <5 202 

2,3 ,5-Trimethylnaphthalene ng/L <5 <5 <5 <5 24 73 

2,6-Dimethylnaphthalene ng/L <5 7 <5 25 6 370 

2-Methylnaphthalene ng/L <5 5 <5 20 <5 428 

Anthracene ng/L <5 6 <5 <5 <5 <5 

Benzo(a)anthracene ng/L 11 19 13 <5 <5 28 _..,, .. 
Benzo(a)pyrene ng/L ('~ir'·-- .. _ .. 2:\5_=: ::::::::1~1::::::::: ::::::::::::;;?==:.: ==--:.<54-..:..-:! :::::.::::1~5::::::: ' 

. .Benzo(b)fluoranthene ng/L '\1_§_, ____ ----~~L .. - 22 .... -- ______ .. 20 ... -..... ···--·<5-·-·· ..... S4 I 
Benzo( e )pyrene ng/L 10 24 15 15. <5 48 

Benzo(ghi)perylene ng/L 8 • 32 11 9 • <5 8 

Benzo(k)fluoranthene ng/L r·r·-· ;.;_,1'2 --l:r""- --::::s-- ·--<5.:= :-::.~~=~ 
'<5'' 

., 
-~- -T2 -· ·~ 

Biphenyl ng/L 6 <5 <5 102 

bis(2-Chloroisopropyl)ether ng/L 175 188 <100 195 <100 <100 

Bis(2-ethylhexyl)phthalate ng/L <274 • <402 • <372 • <331 • <172 * <222 

Butyl benzyl phthalate ng/L <87. <122 * <62 • <43 * <50. <39 

Chrysene ng/L 16 36 22 36 <5 114 

Di-n-octyl Phthalate ng/L 33 * 38 * 36 51 * 12 * <10 

Dibenzo(a,h)anthracene ng/L <5 • <5 <5 <5 * <5 9 

Dibutyl Phthalate ng/L <93 * <156 • <102 * <71 * ·<97. <115 

Diethyl Phthalate ng/L <111 • <102 • <49 • <32. <77 * <55 

Dimethyl Phthalate ng/L <20 • 14 • 12 <10 <10 <10 

Fluoranthene ng/L 23 44 34 23 <5 49 

Fluorene ng/L <5 <5 <5 6 <5 45 

lndeno(1 ,2,3-cd)pyrene ng/L 1i 27 12 7 <5 10 

Naphthalene ng/L <9 * <5 7 <13 • <5 155 

Perylene ng/L <5 21 6 • 57 7 37 

Phenanthrene ng/L 20 25 23 65 11 582 

Pyrene ng/L 23 49 38 23 6 70 

Total Detectable PAHs ng/L 164 375 220 .370 54 2760 
.. 

See Appendix 2 for a descnptlon of the data qualifiers assoCiated With this sample result. 
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Table Is .. : chronic Toxicity Results from the Mass Emission Stations 

ME-CC, Calleguas Creek ME-VR, Ventura River 
Toxicity Result Units 02/13/01 02/26/01 02113/01 02/26/01 

Chronic Silversides Larvae Survival NOEC 50% 100% 100% . 100% 

TUc 2 1 1 1 
IC25 92% >100% >100% >100% 
IC50 >100% >100% >100% >100% 

Chronic Silversides Larvae Growth NOEC 100% 100% 100% 100% 
TUc 1 1 1 1 

IC25 >100% >100% >100% >100% 

IC50 >100% >100% >100% >100% 

The Calleguas Creek and Ventura River mass emission stations were monitored for the first time in 

2000/01. Although this was the first year of stormwater mass emission monitoring, the VCFCD participated 

previously in a year long characterization of the Calleguas Creek watershed through a comprehensive monitoring 

program (CMP). The CMP involved monthly monitoring from July, 1998 through June, 1999. The results of this 

monitoring program can be found in. Results of the Coordinated Water Quality Monitoring Program, Surface Water 

Element(LWA, 2000). 

The results from the mass emission monitoring indicate that the conventional constituents and metals in the 

two watersheds are similar, with the exception that Calleguas Creek had higher total suspended solids 

concentrations than the Ventura River. In Calleguas Creek, many more pesticides were detected than in the Ventura 

River. In Calleguas Creek, eight historical pesticides (DDT and its derivatives and chlordane), diazinon, chlorpyrifos, 

and simazine were detected in at least one storm event. Only simazine and 4,4-DDE were detected in the Ventura 

River. Additionally, PCBs were detected in Calleguas Creek, but not in the Ventura River. On the other hand, the 

Ventura River appears to have higher PAH concentrationsthan Calleguas Creek and more semi volatiles and non

volatiles were detected in Ventura River than Calleguas Creek. Toxicity was only observed during one monitoring 

event in Calleguas Creek. Toxicity was not observed in the Ventura River. 
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Watershed- Calleguas Creek 2003-2007 (Mass Emission- wet) 1/4/2008 

.:·c:c«iJ:i$it~-~·~'l:;m~t~~~·§6/%icr~·§slflt9:ITa'lii\/I,•''K-'•;;;;,"' :·c:;:)t'tt:il0>X~?.ii~B,:g~1'ril'~P.i~'rlf:l;cm~;.~2&fe;tS;wi€H,)'! 
!.ME~CC 12003/04 1Bacteriolo_gic9Us ___ QQ!L_ _____ .. ______ j23§__ _______ J ____ .. ____________ '---
/ME-CC [2004/05 !Bacteriological !E. Coli 1235 ! 
/ME--CCi2o-65;06 ___ JBacteriological IE. Coli [235 --T----------·--
/tv!E-CC J_go06/QI_jBa_fteriological IE. Coli ___________ _j235 ____ :_".} ___ ===:== 
l~§§----i¥o%~---·:~:~~~:~:~~:~:H~:;~J g~1:;~~~ --------!~~~ ------·------1--------------------------
,ME-CC 12005/06 !Bacteriological !F-ecal c"c)liform ---·----1400 -------:-- -----------

lfls-GQ=J2oo6/07 ~~]~?ct~iO-[Qgl_cal =~~=~AL_goiitornJ_-=:.=:-=~=-:]"_9_Q~=--=-~=~~t::=:=~-=~-==:=:= 
/ME-CC !2003/04 !Metal iAiuminum -Total 11000 : 
/M~_9C _ _J2004f05 -:=[ME?_tal -----_ fAii:imi~~m -T9J& _____ ·=~jjOOQ ___ ==~I~=: _____________ ~-=-~= 
/ME-CC 12005/06 !Metal !Aluminum -Total !1000 i 

/
·------·-------,----------·---- . ---- I ---------j----------------.. ------------
ME-_g_g__j2006/07 [Metal JAiuminum -Total . 1000 __ _j_ __________ _ 

/M E:9C ______ j~Q_Q_3/04 ______ JM.E?tai_ ______ L~?.ri Ull}_:__I_Q!?.l _______________ :.1QOO ______ j ____ --·-·---------------
/ME-CC \2003/04 \Metal !Beryllium- Total l4 1

• ,---------. -------------:------------------------,---- ------------·--. .. ·----------·-· --------··--;-------·-·----------·-----.. 
/tv!E-_g_g___l-?003/04 __ _J_Metai ___ ~Cadmium- Total _____ _j~-----+--.. ·-----------------
.tvl ~ -CQ___j.?_Q_04/0 5 __ .JM~~?.L __________ [Q?.d rTJ. i u r:D - T oi§.L _______ J§ ______ ... ___________ :__ __ i .......................... _. __________________ _ 
~~~~g -.. --1~-~~~~gt--+~:~:J------:g~~~~+~~ ~-i~~::··-------1~~ ·--.. -+----··---------·--·------------
------..,----------,----------~------------·-·-,-------r----.. -----------
lfYl_s_:Q..Q_~?_QQ3/Q1 _____ !Me1£L ________ ~M.E?!.Q!,~.!)~..:~QLC!L .. ______ ~-----------.. ---J~.9§_~-----------

/~{~-{g~%~~----~~=~:: ---~!;~~~;:~~--- .. --1-------·--t~~~: ---------~ 
/ME-CC 12006/07 JMetal_ !Mercury- ~Q!?.L ____ j ____ i:_Q.§j_A -·--·-·---
/ME-CC )2003/04 !Metal !Nickel -Total !1 00 l 
/rviE=Ccl2oo4/o5·---lM8~----~Nickel - Total ··------Tioo-------r-----------------

ll~~~gg ---~-==~--~~~~~-:~~~~~ihr8C6ne ___ L o __ =_---~i~49A==~~~ -~---~~= 
ME-CC _gQQ_5/06 !Or.ganic IBenzo@).anthracene 1 JQ49A __ _ 
/M_~_gg_ l2QQ1/05 IOrg_§nic __ _@_~n_zo(§.}Qyrene --------i ----~Q~9A _______ ..:. __ 
1/~E-CC j2Q05/06 ___ jQ_r:g_9nl9_ ____ ~§~zo{~)_p_yrene ! __ j_:949A _____________ _ 
ME-CC ;2004/05 !Organic ;Benzo(b)fluoranthene 1 1.04=-=9-A __ _ 

IME-CC 12005/06 )QcganiC--lBenzo(b)fluoranthene T -----191~-~-----~=--=·=-~. 
/ME-CC 12006/07 )QI_ganic iBenzo(Q).fluoranthene : i:04~A _______ _ 

I
ME-CC 12004/05 iOrgan!c !Benzo(ls).fluoranthene I' -+i=-=·0_4~..::.9A ____ _ 
ME-CC !2005/06 JOrgamc __ _!Benzo(k).fluoranthene _____J.04_9A ________ .. _____ _ 
/,ME-CC !2006/07 !Organic 1Benzo(Js.2fluoranthene ! -~.:..Q_49~-------------

I
ME-CQ _ _!2004/05 !Organlg__ ___ !Bis~-2-ethylh~l)Jlhthalate 14 15.9A . -----·----
fy1E-gg__~005/06 __ j9_iganic !Bis(2-ethylhexyj).phthalate L ___ j§.,~-------------
/ME-CC !2006/07 !Org_?_nj_~-- IBis(£-ethylhexyl).phthalate J4 --------49..:.~--------
/ME-CC 12003/04 !Organic IChrysene I . j.049A . 
/ME-CC j2001f_Q_§__j.Qr_ganic !Chrysene -----~------f·049A ________ _ 
/ME-CC l2005/06 lQ!:_ganic iChrysene i !.049A ___ _ 
/ME-CC [2006/07 !Organic iChrysene [ i.049A 
IME-CC 12006/07 !Organic · __ ilndeno(1,2,3-cd))p_yrene -f-- I.049A 
/ME-CC !2004/05 !Organic ilndeno(1 ,2,3-~12_Yrene +- i.049A ________ _ 
/ME-CC \2004/05 !Pesticide :4,4'-DDD \.00084A 
/ME-CC 12005/06 iPesticide !4,4'-DDD ------: j.00084A 
/ME:cc 12006/07 !Pesticide i4,4'-DDD -------~------r:ooD84'A __________ _ 
/ME-cc--12003/04 !Pesticide i4,4'-DDE -----~ .00059A 
IME-CC i2004/05 ~sticide !4,4'-DDE i .00059A 
iME-CC:2oo5/06 -!Pesticide !4,4'-DDE L_ :.::.o""'o..::.o"""5e"'-A----·-

IME-CC ;2006/07 !Pesticide !4,4'-DDE .00059A 

Page 1 
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Watershed- Calleguas Creek 2003- 2007 (Mass Emission- dry) 1/4/2008 
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Watershed- Calleguas Creek 2003 - 2007 (Land Use- wet) 1/4/2008 

~~---·---~~~at--:~:~~=~:~:~~~~- 1~: g;t··----------·····--··-----·--·1;1; --·---·-- ---t----·-·-. ------------····-·-
IA-1 12006/07 iBacteriologic~TE~--Coli-----·--···---------l23-5---···-·-;---···--------------

6:-_L ____ _j~Q04{Q_g _ _jBacteriQ!g_g_ifal ~Fecal Coliform __ j400 ---=~-- --~===~-= 
A-1 12005/06 !Bacteriological Fecal Coliform !400 1 

A-1---- 12004/05 !conventional :TDS ---·· 1500 -·-r----·------··----·-

,~~ ~ -------1~~~~~~~ . ~~~~~=~=l~g~-----====~~~~-------~=--~~:~=~-======~~:= 
i.A:~----l2oo3ii54"""""-TMeta! ______ IA1um ~n·um--.:.:rotai·------·----·-·---l10oo---···-·r ··---·····---··-·-----···--··---------·-
1-----r.·-----o-------~ ---r.-::-:---·T·---··-------·---·-----

1~~~ .. ~~~~:~~; j~{fat----·------l~:~~:~~~ ~~~~:: ··-- ~~~~~ -----~------·-----------------

'

---------- . ~-----------~---·---,·-----------· 
A-1 12004/05 jMetal iMercury- Total I _ --L051A ______ 

1 
lA-j_ ____ _j£903/04 _ __j.Nutrient _____ jNitrat§_§S N ______ J:LQ_ ________ L_ ________________ _ 
IIA-1 12004/05 . !!Nutrient _ _\Nitrate as N ____________ J:lQ_ ____ J_--------··--·------·---
A-1 /2005/06 Nutrient !Nitrate as N 110 _J __________ ........., 

~~~ ~--1~~~~~~~ jg~~:~~---1~~~;~~~~~;~~;~!halate -j4-----·-·--/~o~~??A"" _______ .. __ _ 
', -----,---- -------· ·-··--r.;--------·-·-----·------------··--
A-1 12003/04 _ prganic 1Pentachlorof2henol t1 J~-------
,A-1 _ ___j_2003/04 festic_i9_§__ ____ f1_,4'-D D g_ _______________ 

1 
______________ J'"OOQ§4~----·-------------

1

6::_1 ___ _j?_Q04/05 jPestlcieiL ___ ~-t_4'-QQ_p___ .......... i-----------·-···t:9_Q.9.§~----------
A-1 !2005/06 !Pesticide :1.6'-DDD ___ I [.000841\ ____ _ 
IA-1 j2003/oryesticlde __ __j~·-o_g_g ________________ L---··----~OQ.Q59J\ ___________ _ 
IA-1 12004/05 1Pesticide l4,4'-DDE ___ j_ _____ j.00059_A ___ .. __ _ 
IA-1 12005/06 !Pesticide i4.J4'-DDE ________ ! _____ j~QQ§~-----,-----
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Watershed- Calleguas Creek 2003-2007 (Receiving- wet) 1/4/2008 

i:··:~~sif~: , .. ]l~rri~t~i¥~~;:~ ·:ici~:§~ffib~;tiErii,iJ E:.zE:.~::5&8iii~m&~\lft:~:';~: .. ::.,11iJ£f~~§iffiil§l~~~;I~~:\P~~di:rt~·((NM~t); 

i:i • --1:!- i:~::~~~~iE=H! ~== =~===!=~-==~= -- -
ljj_:?> .. =---~- _ gQQ6JoL~= 8acteiiO~Cal E. coli ·=-~=--~~:-=~~=-=(?_35 =·~=-=--lc-==~~==-=~= .:~~ 
~~}- .. ~~~~~~1- ~=~~=~:~:~gi~: ~=~=: g~:~~;~~ - ---- .. ~~~~-- . ---- -......... . 
------ .. ~:C..~- -----------------·· ......... ._ .. __________ .................. --------- ........... -

W -3 _ ...... £Q05/06 __ !3acterio1Qgical Fecal__9oli~9JJ:Il ___ .... __ ... ~00 .. _____ .... ______ .......... _ 
W-3 __ 2004/05 Conventional . TO§_ ___________________________ 50Q _ -------··· ---··-·---------·-
W-3 2005/06 Conventional TDS 500 

W -3 ·---=~- 2006/07 Conventional TDS ----=-~-===--= 50_Q __ _:_==-=~- -====~~-=~= .... -~=-:· 
W-3 2004/05 Metal Aluminum -Total 1000 ---------- - ----!'-----------·--·-·-·· _____ ._ ............................. ,. ______ _ 
W-3 2005/06 Metal Aluminum -Total 1000 -------·- ~-- .. ·------ .............................. ·-
W-3 2006/07 Metal Aluminum -Total 1000 ----- ... -- --·----------r----··--·--------·-· ~----··-·--------------·· .... c-:----------· ................ ----------. 
'f.Y._-3 _____ 200§'.07 __ Me~-------- _ Q_?ldmium.....::..Jotal ·-·------- 5 _____________________ __ 
W-3 2003/04 Metal Chromium- Total 50 -- --~---------------

W-3 __ 2003/04 Metal ~Q_er- Dissolved ____ ____ 14.96 _____ _ 
W-3 2003/04 Metal Mercury- Total .051 A __________ _ 
W-3 2004/05 Metal Mercur~-Total __ .051A _______ _ 
W-3 2005/06 Metal Mercury- Total .05~------------
W-3 2006/07 Metal 'Mercur~- Total .051 A 
W -3 2003/04 Nutrient Nitrate as N - - ------·- f---------· ----·------- - ---
W-3 __ 2004/05 Nutrient Nitrate as N 10 

........... --'--·------------ -----·-------- ·-·---- .. 
W-3 _______ 2006/07 Nutrient Nitrate as N ______ ...... 19. _______ -------·---·-·---·----·--··· 
W-3 ______ 2006/07 Organic BenzQ{.§}QYrene _________ ·--------------~~------------·-
W-~--- ?006/07 Organic Benzo(Q)fluoranthene ____________________ .04~A _______ ...... .. 
W-~--- 2006/07 grg_§nic Benzo(!0_fluoranthen~-- _______ .04911_ _____________ .. . 
W-3 2006/07 Omanic Bis(2-ethylhexyl)phthalate 4 ------~-------------
W-3 ___ 2006/07 . Qr_ganic ChrysenJL_ ______________ I---·-------·049A _____________ . 
W-3 2006/07 Organic Hexachlorobenzene .00077A 
W-3 2006/07 · Dr:q8ilic- lndeno(1 ,2 3-cd}Qvrene ---------- .049;;-----~:-==:= 
W-3 2003/04 Pesticide 14,4'-DDD .00084A 
W-3 2005/06 Pesticide 14.4'-DDD .00084A 
W-3 2006/07 Pesticide 4 4'-DDD ------ r--------l:oo084A ------- --

W-3 ___ 2003/04 Pesticide _ 4 4'-DDE ______________ J_ _____ -______ jj)005~~--=-~~-~=-:: 
'!Y...-l._ ____ 2004/05 Pesticid~----..., 4,4'-DDE._ ____________________ -+--- ______ j.00059A __________ ... _ 
W-3 2005/06 Pesticide !4.4'-DDE t---- .00059A ______ _ 
IJY-3 2006/07 Pesticide ___ ...11,4'-DDE --------------·-------·-- _j,Q_DO@_~---- ___ _ 
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Watershed- Calleguas Creek 2003-2007 (Receiving- wet) 1/4/2008 

W-4 !2004/05 IBacteriological IE. Coli i235 j 

1
·--·-----,----------·-- --o-----------··-·-----··----,---·--------------·-····---·-
W-4 :2005/06 !Bacteriological !E. Coli !235 l 
Jw4·-·----~2066m ___ ls_acte~iologiCallE".-Coii·-· · ··-----1235---r·-----------
lw-4 i2004/05 !Bacteriological !Fecal Coliform ·-- !400 ----,------. --------

IW~1-=:==J2005/06-=:.J§?.cif~io1Qg_ica_[]E<3.~§[J;ol ifor.r:!}_ ____ =:_~==:: __ !4o_g_=~-:~c::·~-=~=:::~~=:=:== 
l'fJ-4 ·---~QL_~acteriological !Fecal Coliform !400 . _____ ) __________________ _ 
IW-4 12003/04 .. !Conventional !Residual Chlorine !100 ; 

~~~:-=-~=~~~~Fc~~:~~~~::--i~§:r-~==--======Fs-~I==:=~~~r==~-~~=-~-===-~==== I . --r·-- . : ----------,·-------r---------------
1~-~: ·------~~~~~~~~ -~~~~:lentrop_&__i~~~~num--T-o-ta-1 ---~~~-o--+----------------
lw -4---------:2oci5Jo6-lrV!etai ________ lA1um.inum-::fOiBT __________ l1ooo ____ r ____________________ _ 
IW-4 12006/07 !Metal - !Aluminum -Total !1000 ~--------------
---------. - -liV--------------------·------------------!-------------------------·--------·--

lwt-~~~----1~-:~::----~==1~:~~~~ +~~:1---------t----------t~~~;--=====~--= 
l~t-----t~~~~~~~---1~~-Yr+~t-----~~*~~~-----. ---------·-· -~0-----~---------··--·-----·-----
1~~:- ~~~=~---~~~::~-------~1~:~~:~: :: ~ . . --~~-~-----t:.===--===:== 
~~ ~-:-=:=-~=~~~~~-~~-~=---~~~-~~~-~:~ =-----=~~~=~~--~~~-~2-)~-n;-:-~~-cene-={_---------~~~}~:--===:=~== 
IW-4 !2006/07 JO~g.§nic_-=:}~~nzo(§).[l_Yrene I -i.049A-------
IW-4 12005/06 iOrgan~ ___ _jBenzo(b)fluoranthene _j _____ l:.,Qj_9A -------------·----
IW-4 !2006/07 [Organic \Benzo(Q)fluoranthene I \.049A 
IYY.:_i___ 12005/06 lorgErik: ______ ~o_zo(10fluor_§lntheQe __ L_ ____ __j~_Q~~--~=~-~~= 
J

1

w-4 !2006/07 . IOrg§..fJl9 _____ .. ~~~ozo(!s)fluoranthene -I ·-···---~49A --------------·--- .. 
W -4 12004/05 IO~g-~£_ __ lBis(2-e.!!JylhexyJ)_J;1hthalate !4 1 ________ _ 
IW:1. ___ __Jg006/07 jOrgan ic ____ j§is(~-ethy1hE?EJ2t>hthalate J:t ______ J§_&~--------··----------

I

W -4 . 12005/06 ___ lOrganic ____ (Ch_rysene _____ .. _______ t _______ (.04_§l_A ____________ _ 
W-4 !2006/07 !Organic · !~sene . i _ !.049A __ _ 

l
lyv -4 __ j2006/QL !Org_an ic _____ ~Dibe_o~(§.,_b)anthracene_L ___ .. ____ -1:.9_4El_~-----------
W-4 12006/07 !Organic iHexachlorobenzene ! i~00077A 
jw:_4 ___ 12005/06 !Or9.§Dic- ilndeno(1 ,2,3-cd}Qyrene i [o~gA ··--
IW-4._ __ .j2006/07 _ _jOrgani9 ____ jlhdeno(1 ,2,3-c.Q.lJ?1rene _L _____ J_Qj9A _________ _ 
IW-4 __ --12003/04 !Pesticide ___ !4,4'-DD_Q___ l . _j.00084A _ __ 
IW-4 ~2004/05 !Pesticide i4,4'-DDD i 1.00084A _____ 

1 
IW:.i_ ___ ,2005/06 ~icide !4,£:_DDD 1 . __ _j:.9.9081~---------

1~...:1.__ __ }2006/07 !Pesticide gooo _______ ~ 1.90084A ____ _ 
W-4 . !2003/04 !Pest!c!de !4,4'-DDE ~ . 1.00059A --------
jyY-4__ [2004/05 !Pestrcrde 4,4'-DDE _______ J ____ ----l·00059A 
IW-4 12005/06 !Pesticide l4,4'-DDE · l.00059A 
W--4. 12006/07 !Pesticide i4,4'-DDE i.00059A ___ _ 
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Watershed- Santa Clara River 2003-2007 (Mass Emission- wet) 1/4/2008 

ME-SCR 12006/07 !Anion !Chloride i80 : 
irXE-scR 12oo3J04 --rsacterioTogicallE".--c~---------~--1235 ----·-r-----------------:-·· 
iME-ScR--i2oo4to5 -l!3a"Cteiidi0'9icaiT~cOii _______ i2~----l----------------
IM E-SC R 12005/06 J~§..C!f:l.rlQiggica!Jf::, g_c& ___________________ __l235 ---~=-r==-~:==-~~= 

l'~~~~g~ :~~~~~~~ i~=~~=~:~:~~fc:: -~~~~Oiiform-~_-----~~~------=t====~~= 
IME-_8CB__J~004/0!L_J!3acteriologlf.al ~~SJ_9ai_Q_Q!ifor!Jl__ _____ ~400 ____ J ____________ ,. _____ _ 

~~~1§-~~~~~~~ --g+~~~:~:: ~=~~%~!~-----mt-----~-------------·· .. --.. ----·-.... 
/ME-SCR 12004/05 !conventional" [TDS !1200 ---~--------·----
/ME~SCRl2006/0Y-iConventional --lTos·---- ---------~1300 ---~·-·----------------.. ---
lrvi"E=scRl2oo3/04 iMetal iAiuminum -Total · i1ooo----~--·-·-.. -·--------

/ME-SCR__j~904/05 .. JMeJ§L ___ -J6!!::!!D_inum -T QJ§l _______ _J_1QQ_Q_ __ j __ ~-----·--- .. -------
/ME-SCR )2005/06 \Metal \Aluminum -Total )1000 ! · 
/ME-Sc'Rl2006/07 livletal · !Aluminum-Total !1000 -----~--------------

~~~~~~~~~~;~~: J~:~:: --f~~~~un:~ ~~~:11 · ~-gaa··--------+-----'-----··------
iME~scR 12003/04 /Metal ·------1C8drliiUm-::-rot81 ___ 15 : ----------
IME-SCR /2004/05 !Metal !cadmium -Total rs-- i - -liV1E-scR i2oo5/o6TMet8T ________ rcaCimium -rot81 ________________ 15 ___________ T __________________ _ 
/ME-SCR [2006/07 !Metal lcadmium - Total !5 I -
lfY1E-SCR_J2004/0_§__~Metal _____ jChromium -Total _ _ !50 ____ _]---.--.~------
/ME-SCR 12003/04 1Metal !Mercury- Total 1.051 A 
/ME-SCR :2005/06 !Metal !Mercury- Total i.051 A 

~~~~~g~ ~~~~~~~-r~!~:: ___ ----~~~~~ ~~~:: --------------~Wo------i~=~--- --- ====~-= 
/ME-SCR 12005/06 !Metal !Nickel -Total !1 00 i 
/ME-SQB_j200]/04 __J_r~t~ta_l __ -fg_elenium- Total ____ _J§Q__--=-T-----==== 
/ME-SCR 12003/04 iOrg_anic ---~§enzo_@).anthracen~~ ~Qi~-------·-
IJVIE-SCR 12004/05. !Organic !Benzo@).anthracene l i.049A 
/ME-SCR j2006/07 Jorganic iBenzo@).anthracene l.049A · 
/ME-SCR 12003/04 !Organic lsenzo(.§)_pyrene i.04_9_A __ 
/ME-SCR 12003/04 · !Organic IBenzo(Q)fluoranthene l.049A _ 
IME-SCR_!2004/05 !Organic IBenzo(Q)fluoranthene j.049~------
/ME:SCR-\?006/07 IQ_r:.ganic jBenzo(Q)fluoranthene i I.049A 
/ME-SCR l2003/04 !Organic JBenzo(k}fluoranthene _I !~Q49'11-----
IME-SCR !2003/04 !Org_anic Bis(2-ethylhe)$Yj)_Qhthalate 14 l5.9A · 
/ME-SCR !2004/05 !Organic IBis(2-ethylhexti_}.Qhthalate 14 i5.9A ______ _ 
/ME-SCR 12005/06 !Organic IBis(2-ethylhexyJlQhthalate 14 i 
/ME-SCR 12006/07 \Organic !Bis(2-ethylhex)1lphthalate 14 !5.9A 
/ME-SCR !2003/04 \Organic 'Chrysene \.04:..::9-,-A ___ _ 
/ME-SCR !2004/05 !Organic iChrysene i.,..:::0...:.49::..A ___ . 
/ME-SCR 12005/06 iomanic iChr:tsene _ _j.049A _____ _ 
/ME-SCR 12006/07 . !Organic iChrysene i.049A 
/ME-SCR \2003/04 \Organie--\lndeno(1_63-cd)_I?_Yrene --!.04~----
ME-SCR !2003/04 !Pesticide 14,4'-DDE t.00059A 
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Watershed- Santa Clara River 2003-2007 (Mass Emission- dry) 
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Watershed- Santa Clara River 2003- 2007 (Land Use- wet) 1/4/2008 
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Watershed- Santa Clara River 2003 - 2007 (Land Use- wet) 
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Watershed- Ventura River 2003 - 2007 (Mass Emission- wet) 1/4/2008 

[; ~site~--~ 'I [!Bl~tei·¥~~ail :1oi$:ii~ifiH~H&~:J fTr.T~.t;~.iJ·~o6~§tit~~~-&F; .:.:::~:- .... L1[isa~im.;8Jam.iiK~mR,Acute xwet). 
ME:Y.R 2004/05 _ ~- Chloride ---------~~60______ ' ____ __ .. 
MJ~~YB..f_;2005/06 _____ /j_nion ________ 9hlorid_§__ _________ 6Q_ ______ _ 

:~~;~ ~-~~;.~~--- ;:~Jg_gl§L ~~~- ____ _ _ ___ _____ _ __ .l~f ---~-~~g~.§~=~~--~ --- --
ME::YB ___ ;wo4/05 Bact~iolq_gicaL_ ~- Coli _ _ ___ ____ __ . _ -jg_9_9.____ _ _ ··t .. _ _ __________ ... __ _ 
!YIE-VR2 2005/06 _______ Ba2}erioiQ_glf§Lf..: Coli ____________________ [:235 __ -----···· -·-·· _______ ...... ___ _ 

~~~0*?_ ~~~~~~~ ---~:~!:~:~:~t~:: -'~~f~ 1~oliiorm - -- ---- ---r~~B- ··· ... ·· 4a·a ·-- · · -- -·----····--------- ---------- _____ g'-"--=- -'----------- ------ .... _______ .,_, __________ -- .. .. ... . --· .. - .. -. -
ME-'{~ 2004/05 ____ Bacteriological Fecal Colifqrm ______ 4_00. _______ ---1- ---------------------·-
ME:.Y.B_L;2005/06 _ ~!i<?..[Qgical Fecal Coliform __________ <4-0Q_ ____ --+ ··-----·---- ____ _ 
~~~t- ~~-=-~~J~~-~1- ~6s§l_ggJlfQr.fD~-~===~ ~~o-~_ -~:~~1~~~~~~=~~--~~~---~ 
~~~~~~- ~~~~t----~~!LQ!l9.L~~~~~inum-: Total-==_-- ~ ~~~ ·-- ~-----+---~-~-~ =-----~-----~~~ 
ME-VR _ 2004/05 Metal Aluminum -Total 1000 -----+---·-- _______ _ 
!VIE-VR~ 2005/06 Metal Aluminum -Total __ 1.Q_Q_Q_ __________________ ......... _ 
ME-VR 2004/05 Metal Cadmium- Total _____ Q__ ______________ .... __ ......... .. 
ME::VR 2004/05 Metal Chromium -Total __ §._Q ______ -----------·--·- _ 
ME-VR 2004/05. Metal Mercury- Total ______ r--------- ~'-Q51" ______________ _ 
ME-VR2 2005/06 Metal Mercury- Total --!-----'-------- .051/\ ______ _ 
ME-VR 2004/05 Metal Nickel- Total 100 . ___ _ 
ME-VR 2004/05 Metal Zinc- Dissolved __ 316.32 ---·------

~~~0~ ~~~!~~;--*~!~---·----~~~~}~~-~~~~thane-· -. ·-- ___ -_ ----~§1~: -~-==--: 
ME-VR 2003/04 Organic __ Bi~~thylhexyl).~Q!haL~r4------ ______ 9._.9~----------------
ME-.Vf3_~_Q4/Q_§_ __ gr_g§.Q~---- Bis(2-ethylh~llP-hthalate r1----------~-~/\- _ ···---· __ -_-----
ME-VR2 ;200_§j_QQ__ ~ganig___ Bis(2-ethylhexyl_)phthalate 4 ---4~9/\ - ... ------- _ .. __ 
ME-VR_£__~97 --~ganlg ______ ~(2-ett)ylhe~yl)_P..IJ!.ha]?te __ 1.._ ___________ +--· ---------··- ..... 
~~~0~2 ~~~~/~~ --~~~-----~Woffib~nzene·=:=r~~~=~==-j~?A--~~=~~=-== 
ME-VR2 2006/07 Pesticide 4 4'-DDD ------+----------~·00084~------·--
ME-VR2 2006/07 Pesticide j4,4'-DDE _ _jjl0059~-------
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Watershed- Ventrua River 2003-2007 (Mass Emission- dry) 1/4/2008 
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Memorandum 

DATE: August26,2005 

TO: Darla Wise 

CC: Mack Walker, LWA 

SUBJECT: Trend Analysis of POCs 

I. INTRODUCTION 

L A R R Y 
WALKER 

lA -ASSOCIATES 

Orit Kalman, Ph.D. 

707 4th Street, Suite 200 

Davis, CA 95616 

530.753.6400 

530.753.7030 fax 

Oritk@lwa.com 

The Ventura Countywide stormwater monitoring program has collected data since 1993. The 
monitoring program is comprehensive and includes discharge characterization, and receiving water 
characterization and bioassessment. Periodically, these data should be reviewed to determine 
whether a discernible trend can be identified. In addition, the development of Total Maximum Daily 
Loads (TMDL) may impact the stormwater program and should be considered in identifying 
problematic constituents. Furthermore, for constituents that have been identified as problematic 
constituents, effort should be made to further identify the sources of these constituents and· 
potential management control to reduce their contribution. The analysis described in this 
memorandum addresses the following pollutants of concern (POCs): 

• Total nitrogen 

• Total DDT 

• Chlorpyrifos 

• Copper (total and dissolved) 

• Total coliform 

• Ammonia 

• Zinc (total and dissolved) 

•. Lead (total and dissolved) 

The following trend analysis was conducted on stormwater runoff quality data collected between 
1993 and 2004. The trend analysis was conducted to determine the following, to the extent 
allowed by the nature of the data: 

A009~e4. 



• Trends in the runoff quality data over the period of data collection 

• Influence of hydrological factors (event rainfall) on runoff quality 

• Site-to-site differences in runoff quality from various land use types (industrial and residential) 
and different receiving waters. 

This memo provides the following information: 

I. Introduction 

II. Description of monitoring sites and events. 

Ill. Summary statistics for key pollutants of concern. 

IV. Trend analysis using a simple linear regression analysis. 

V. Review of upcoming TMDLs that may impact the Ventura County stormwater program. 

VI. List of potential sources of the pollutants of concern as identified in items 1-3. 

VII. List of current management practices to address pollutants of concern. 

VIII. Summary and conclusions 

II. MONITORING SITES AND EVENTS DESCRIPTION 

The Ventura Countywide Stormwater Monitoring Program collects and analyzes stormwater 
samples throughout Ventura County. Monitoring efforts emphasize the characterization of 
stormwater runoff from monitoring sites that are representative of industrial and residential land 
uses. In addition, emphasis is placed on understanding the impact of stormwater runoff on 
receiving waters by conducting receiving water quality, mass emission, and bioassessment 
monitoring. 

The trend analysis presented in this memo is based on four monitoring sites: two land use sites 
and two receiving water sites. Monitoring sites are described below and are summarized in taole 
1. ' 

Land Use Sites 

Land use monitoring is design~d to capture and characterize stormwater runoff from specific types 
of land uses (industrial and residential). Monitoring sites are equipped with automated monitoring 
equipment. Sites were upgraded in 2003 with new, portable refrigerated samplers and IS CO 4250 
area velocity fiow meters prior to the first 2003/04 wet weather event. 

Monitoring Site R-1: Site R-1 represents residential contributions. The site is located at Swan 
Street. The monitoring site receives runoff from a relatively new ( 15 to 20 year old} residential· 
neighborhood that consists of single-family dwellings, churches, parks, and a recreation center. 

Monitoring Site 1-2: Site 1-2 represents industrial contributions. The site is located at Ortega 
Street. The drainage basin for this monitoring site consists of diverse types of industrial facilities 
including older manufacturing facilities, newer industrial parks and a few undeveloped city lots .. 

Receiving Water Sites 

Receiving water monitoring is designed to characterize the quality of receiving waters. Monitoring 
is focused on small tributaries to the main river systems. Monitoring small tributaries allows the 
Stormwater Monitoring Program to focus on smaller sub basins of the watershed that are impacted 
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by nonpoint source runoff (as opposed to wastewater discharges) and subsequently allow more 
refined trend analysis. At monitoring sites, both water chemistry and toxicity samples are collected. 
Receiving water monitoring at these sites was first implemented during the 1997-98 season and 
captures stormwater runoff from the Revolon Slough sub basin. The land use surrounding both 
receiving water sites is dominated by agriculture. Samples at both sites are collected as time
paced composites. 

Monitoring Site W-3: The La Vista station is located in the upper Revolon Slough watershed. 
Agricultural land makes up approximately 80% of the sub watershed. The most prevalent crops 
grown in the W3 watershed are lemon and avocado. 

Monitoring Site W-4: The Revolon Slough station is located in the lower Revolon Slough 
Watershed at Wood Road. Agricultural land makes up approximately 63% of the watershed. 
Unlike the sub watershed represented by monitoring site W-3, approximately 20% of this sub 
watershed is developed. The most prevalent crops grown in the W-4 sub watershed are row crops, 
lemon and citrus, strawberry and avocados. 

TABLE 1. MONITORING SITES INFORMATION 

LOCATION 
STATION YEAR 

CODE INSTALLED 1 

. ' .. 

1992 Swan Street and Macaw 

R-1 Avenue 
{2003 
Upgrade) (City of San Buenaventura) 

. 1992 Ortega Street 
1-2 

(2003 (City of San Buenaventura) 
Upgrade) 

1997 
W-3 La Vista Avenue south of 

(2003 Center Road 
Upgrade) 

2001 
Revolon Slough at Wood 

(2003 Road 
W-4 

Upgrade) 

Monitoring Events 

•. . ••· . · . < DRAINAGE 
... P~!¥ARYLAND··. . a:)J.SIN . ·. R)J.IN q)J.UGE 

.. USE' · .. AREA. ··· LOCATION 
·· ' ·· · · . ;: (ACRES) .: . ' .· 

Residential 

Industrial 

Agricultural/ 

Open Space 

Agricultural/ 

Mixed Use 

65 

189 

752 

28,800 

County 
Government 

Center 

County 
Government 

Center 

Somis- Bard 

Oxnard Airport 

Land use monitoring and receiving water monitoring have been in place since 1993 and 1998, 
respectively. Wet weather monitoring occurs approximately once per year at each site. Most of 
the data was collected during wet weather events. Limited data is available for dry weather event 
for receiving water site W-4. Due to the limited information available for dry weather, no analysis 
was done to characterize dry weather data. 
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Precipitation data (1997 -2004), collected by the Department of Water Resources, Division of Flood 
ControJ1, was used to identify the timing of monitoring events in relation to the progression of the 
wet weather season and storm events. Majority of the sampling was done at the beginning of the 
wet weather season (see Table 2). Timing of monitoring events is shown in Figure 1 and Figure 2 
for land use sites and receiving water sites, respectively. Given sufficient data, a statistical 
analysis can be performed to identify a relationship between hydrologic/meteorological factors and 
the water quality observed at the monitoring sites. Such an analysis might shed light on the effects 
of pollutant built-up (represented as dry days since last storm event), washoff (represented as 
stormwater event cumulative rainfall, in inches), cumulative seasonal rainfall (in inches), and 
annual variation (other factors such as implementation of management practices) on the observed 
water quality in the receiving waters and storm drain system. The analysis conducted as part of 
this study was limited to trend analysis for a single variable, time. 

TABLE 2. No. OF MONITORING SAMPLES BASED ON SEASONAL TIMING 

FIRST FLUSH, . MID SEASON, • . . . .·. ·. .· ·~· •• :' • . ··:. · 
c~r:,u~1-T!YE , ••. . . . cuMULATIVE Lc..Te.seP,.soN, cuMiJLATiVE> .. 

PREciPITATioN <5'~ : PRECIPirA.rloN s·;~1s11Y · : :pR.E:c1Pii"Aft6N :>15~·:: · · 

.. . . 

SIT~ 
Total 21 events (46 samples) 5 events (9 samples) 2 events (4 samples) 

R1 10 1 
12 10 1 
W3 14 4 1 
W4 12 3 1 

1 Department of Water Resources, Division of Flood Control, California Data Exchange Center. 
http://cclec.water.ca.gov/ Station ID CHE, Ventura LA Coastal River Basin. 
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Ill. SUMMARY STATISTICS FOR KEY POLLUTANTS OF CONCERN 

A summary statistics for the constituents monitored at the four sites was completed and is provided 
in tables 3a-d. The summary includes the following statistical components: 

n, percent detected, n detected: number of samples taken within the monitoring time period. The 
percent and n detected values represent samples with values higher than reporting limits. The 
reporting limits are dependent on sampling equipment and laboratory methodology. 

Mean: arithmetic average of all sampling data at or above the detection limit. 

Standard deviation: Standard deviation is a measure of the spread or dispersion of the data. The 
more widely the values are spread out, the larger the standard deviation. 

Coefficient of variation (CV): The coefficient of variation measures the spread of a set of data as a 
proportion of its mean. It is the ratio of the sample standard deviation and the mean. The higher 
the CV, the more dispersed the data. 

Confidence limit about the mean: Confidence limits are the lower and upper boundaries/values of 
a confidence interval, that is, the values which define the range of a confidence interval. The 
upper and lower bounds of a 95% confidence interval are the 95% confidence limits. 
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TABLE 3A. SUMMARY STATISTICS FOR CONSTITUENTS, R·1 
·~·= LOWER95% UPPER95% 

·-
CoEFFICIENT CONFIDENCE CONFIDENCE MINIMUM MAXIMUM MINIMUM MAXIMUM .. 

PERCENT. N STANDARD OF LIMIT ABOUT LIMIT ABOUT DETECTED DETECTED REPORTING REPORTING 
CONSTITUENT N -DETECTED DETECTED MEAN'11 DEVIATiON VARIATION -MEAN MEAN VALUE VALUE LIMIT LIMIT 

2,4'-DDD (J-lg/L) 16 0.0% 0 0.001 20 
2,4'-DDE (J-lg/L) 17 5.9% 1 0.003 0.003 0.001 20 
2,4'-DDT (J-lg/L) 17 5.9% 1 0.006 0.006 0.001 20 
4,4'-DDD (J-lg/L) 22 4.5% 1 0.007 0.007 0.001 20 
4,4'-DDE (J-lg/L) 22 27.3% 6 0.016 0.016 0.991 0.010 0.023 0.012 0.0757 0.001 20 
4,4'-DDT (J-lg/L) 22 4.5% 1 0.021 0.021 0.001 20 
AmmoniaasN 
(mg/L) 27 85.2% 23 0.63 0.69 1.10 0.37 0.89 0.1 3 0.05 0.1 
Chlorpyrifos (J-lg/L) 10 0.0% 0 0.005 100 
Copper, Dissolved 

;p. (J-lg/L) 24 100.0% 24 18.07 17.98 1.00 10.87 25.26 3.80 91.90 

s Copper, Total 
(J-lg/L) 27 100.0% 27 29.54 21.91 0.74 21.27 37.80 5.00 84.12 

&f Lead, Dissolved 

w (J-lg/L) 24 87.5% 21 9.13 10.67 1.17 4.86 13.40 0.79 44.00 

Ui Lead, Total (J-lg/L) 27 100.0% 27 22.22 18.84 0.85 15.11 29.32 2.00 61.00 

~ Nitrate as N (mg/L) 27 100.0% 27 1.54 3.75 2.44 0.12 2.95 0.06 20.00 

® Nitrite as N (mg/L) 7 71.4% 5 0.02 0.03 1.24 0.00 0.05 0.01 0.09 0.02 0.02 
TKN (mg/L) 23 100.0% 23 4.84 4.60 0.95 2.96 6.72 1.20 23.40 
Total Coliform 
(MPN/100 ml) 18 100.0% 18 98,333 83,517 0.849 59,751 136,916 11,000 323,000 
Total 
Nitrogen(mg/L) 1 100.0% 1 4.3 4.3 
Zinc, Dissolved 
(J-lg/L) 24 95.8% 23 57.29 39.90 0.70 41.33 73.25 17.00' 153.00 2 2 
Zinc, Total (J-lg/L) 27 100.0% 27 163.48 105.66 0.65 123.63 203.34 26.00 444.00 
Total Detectable 
DDT (J-lg/L) 22 0.014 0 0.0757 

(!)Geometric mean 
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TABLE 3B. SUMMARY STATISTICS FOR CONSTITUENTS, 1-2 
·: ':":. '. LOWER95% ·_UPPER95% 

COEFFICIENT ·' CONFIDENCE .·CONFIDENCE. MINIMUM MAXIMUM MINIMUM MAXIMUM 
PERCENT N_· . : ·,_ ·. STANDARD ·'-'oF< · LIMITA.souT LIMIT AsouT ·· DETEcTED DETECTED REPORTING REPORTING 

CONSTITUENT '·'" N DETECTED DETECTED ·._:MEAN(!_) DEVIATION VARIATiON MEAN MEAN .. VALUE VALUE LIMIT LiMIT 

2,4'-DDD (Jlg/L) 14 7.1% 1 0.004 0.004 0.001 20 
2,4'-DDE (Jlg/L) 15 6.7% 1 0.003 0.003 0.001 20 
2,4'-DDT (Jlg/L) 15 6.7% 1 0.007 0.007 0.001 20 
4,4'-DDD (Jlg/L) 21 9.5% 2 0.013 0.023 0.001 20 
4,4'-DDE (Jlg/L) 21 38.1% 8 0.109 0.205 1.880 0.021 0.197 0.0241 0.961 0.01 20 
4,4'-DDT (Jlg/L) 21 4.8% 1 0.023 0.023 0.001 20 
Ammonia as N (mg/L) 24 79.2% 19 0.61 0.55 0.90 0.39 0.83 0.20 2.3 0.05 0.1 
Chlorpyrifos (Jlg/L) 9 11.1% 1 0.02 0.0168 0.005 100 
Copper, Dissolved (Jlg/L) 22 100.0% 22 32.14 61.09 1.90 6.61 57.66 6.00 301.05 
Copper, Total (Jlg/L) 26 100.0% 26 52.25 54.51 1.04 31.30 73.20 6.00 254.45 
Lead, Dissolved (Jlg/L) 22 72.7% 16 8.34 13.39 1.61 2.74 13.93 0.34 58.58 0.1 10 

~l~ Lead, Total (Jlg/L) 26 100.0% . 26 17.43 17.59 1.01 10.67 24.19 3.00 72 ,_, 
(\) Nitrate as N (mg/L) 23 100.0% 23 1.14 0.76 0.67 0.83 1.45 0.19 3.22 

~ Nitrite as N (mg/L) 8 100.0% 8 0.06 0.04 0.73 0.03 0.09 0.01 0.13 

r.o TKN (mg/L) 20 100.0% 20 3.61 2.21 0.61 2.64 4.58 1.10 8.1 
Total Coliform (MPN/100 

Ui ml) 17 100.0% 17 167,059 458,553 2.745 -50,924 385,041 8,000 1,935,000 
.. ~!,, Total Nitrogen (mg/L) 1 100.0% 1 2.5 2.5 

!''·~ Zinc, Dissolved (Jlg/L) 22 100.0% 22 69.86 55.65 0.80 46.61 93.11 6 252 
Zinc, Total (Jlg/L) 26 100.0% 26 210.88 156.68 0.74 150.66 271.11 67 660 
Total Detectable DDT 

I \f!g/L) 21 0.097 0 0.961 
(I Geometric mean 

;~;/~) 
\Q_..:J· 
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TABLE 3C. SUMMARY STATISTICS FOR CONSTITUENTS, W-3 

PERCENT N 
CoNSTITUENT N . DETECTED : DETECTED MEAN(ll 

2,4'-DDD (f.lg/L) 10 30.0% 3 0.004 
2,4'-DDE (f.Lg/L) 12 50.0% 6 0.003 
2,4'-DDT (f.lg/L) 12 66.7% 8 0.025 
4,4'-DDD (f.lg/L) 13 69.2% 9 0.018 
4,4'-DDE (f.lg/L) 13 92.3% 12 0.266 
4,4'-DDT (f.lg/L) 13 76.9% 10 0.057 
Ammonia as N (mg/L) 16 81.3% 13 0.58 
Chlorpyrifos (f.lg/L) 15 66.7% 10 0.67 
Copper, Dissolved (f.Lg/L) 16 100.0% 16 49.92 
Copper, Total (f.lg/L) 16 100.0% 16 342.18 
Lead, Dissolved (f.lg/L) 16 81.3% 13 10.87 
Lead, Total (f.Lg/L) 16 93.8% 15 81.02 
Nitrate as N (mg/L) 1 100.0% 1 
Nitrite as N (mg/L) 16 100.0% 16 4.34 
TKN (mg/L) 3 100.0% 3 0.48 
Total Coliform (MPN/100 
ml) 16 100.0% 16 7.48 
Total Nitrogen (mg/L) 15 100.0% 15 751,928 
Zinc, Dissolved (f.lg/L) 16 93.8% 15 48.49 
Zinc, Total (f.lg/L) 16 100.0% 16 483.66 
Total Detectable DDT 
(f.lg/L) 13 0.28 
Geometric mean 

STANDARD 
DEVIATION· 

0.009 
0.004 
0.070 
0.025 
0.285 
0.064 

0.64 
0.88 

39.16 
426.73 

12.98 
107.02 

2.46 
0.50 

5.53 
668,508 

45.43 
703.57 

.,:.., 

J: 

LOWER95% UPPER95% 
CoEFFICIENT ·· CONFIDENCE CONFIDENCE MINIMUM MAXIMUM MINIMUM MAXIMUM 

OF LIMIT ABOUT· LIMIT ABOUT DETECTED DETECTED REPORTING REPORTING 
VARIATION .·MEAN . • MEAN VALUE VALUE LIMIT LIMIT 

2.537 -0.002 0.009 0.001 0.0298 0.001 0.001 
1.224 0.001 0.005 0.001 0.0114 0.001 0.001 
2.790 -0.015 0.065 0.004 0.247 0.001 0.001 
1.329 0.005 0.032 0.002 0.0779 0.001 0.05 
1.069 0.112 0.421 0.0171 0.892 0.05 0.05 1 

1.138 0.022 0.092 0.002 0.184 0.001 0.05 : 
1.09 0.27 0.90 0.2 2.3 0.1 0.1 
1.32 0.22 1.11 0.19 3.3 0.05 2 
0.78 30.74 69.11 12 188 
1.25 133.08 551.28 36.4 1750 
1.19 4.51 17.23 0.12 45 0.1 

I 
2' 

1.32 28.57 133.46 12.6 448 2 2 
6.6 6.6 

0.57 3.13 . 5.54 1.05 11.4 
1.04 -0.09 1.05 0.13 1.06 

0.74 4.76 10.19 2.10 23.00 
0.889 413,616 1,090,240 110,000 2,382,000 

0.94 26.23 70.75 3.66 186.00 10 10 
1.45 138.91 828.41 65.60 2900.00 

0.00 1.30 
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TABLE 3D. SUMMARY STATISTICS FOR CONSTITUENTS, W-4 
... ' 

.. PERCENT' . : .N 
CONSTiTUENT N DETECTED·' .DETECTED. MEA~(l) 

2,4'-DDD (11g/L) 11 81.8% 9 0.014 
2,4'-DDE (!lg/L) 11 63.6% 7 0.006 
2,4'-DDT {~tg/L) 11 90.9% 10 0.029 
4,4'-DDD (f!g/L} 12 83.3% 10 0.047 
4,4'-DDE (f!g/L) 12 91.7% 11 0.255 
4,4'-DDT (f!g/L) 12 83.3% 10 0.077 
Ammonia as N (mg/L) 12 91.7% 11 0.53 
Chlorpyrifos (f!g/L} 12 75.0% 9 0.36 
Copper, Dissolved (!lg/L) 12 100.0% 12 14.56 
Copper, Total (f!g/L) '12 100.0% 12 90.33 
Lead, Dissolved (f!g/L) 12 66.7% 8 5.26 
Lead, Total (!lg/L) 12 100.0% 12 27.59 
Nitrate as N (mg/L) 1 100.0% 1 
Nitrile as N (mg/L) 12 100.0% 12 10.67 
TKN (mg/L) 4 100.0% 4 1.60 
Total Coliform (MPN/100 
ml) 12 100.0% 12 7.48 
Total Nitrogen (mg/L) 12 100.0% 12 546,243 
Zinc, Dissolved (!lg/L) 12 100.0% 12 63.48 
Zinc, Total (f!g/L) 12 100.0% 12 295.17 
Total Detectable DDT 
(f!g/L) 12 0.265 

(l}( Geometric mean 

~fl£;~: 

.. ·.·. .. 
COEFFICIENT: 

STANDARD OF 
DEVIATION ·VARIATION· 

0.013 0.915 
0.006 1.101 
0.029 1.013 
0.046 0.976 
0.223 0.875 
0.083 1.070 

0.30 0.56 
0.24 0.66 

11,99 0.82 
61.66 0.68 
10.95 2.08 
21.72 0.79 

6.93 0.65 
3.03 1.90 

5.80 0.78 
545,522 0.999 

118.55 1.87 
207.05 0.70 

\ 

LO'{VER 95% . UPpER 95% 
CONFIDENCE CONFIDENCE MINIMUM MAXIMUM MINIMUM MAXIMUM 
LIMIT ABOUT LIMIT ABOUT DETECTED DETECTED REPORTING REPORTING 

:MEAN MEAN VALUE VALUE LIMIT LIMIT 

0.007 0.022 0.0024 0.045 0.001 0.001 
0.002 0.009 0.001 0.0182 0.001 0.001 
0.012 0.046 0.0063 0.0929 0.001 0.001 I 
0.021 0.073 0.0082 0.148 0.001 0.05 
0.129 0.382 0.0276 0.812 0.05 0.05 
0.030 0.124 0.016 0.247 0.001 0.05 

0.36 0.69 0.08 1 0.1 0.1 
0.22 0.49 0.074 0.9 0.5 2 
7.77 21.35 3.16 44 

55.44 125.21 26.7 187 
-0.94 11.45 0.2 38 0.1 2 
15.30 39.88 6.8 69.8 

22.3 22.3 
6.74 14.59 2.40 23.4 

-1.37 4.57 0.03 6.14 

4.19 10.76 1.60 18.2 
237,585 854,901 20,000 1,600,000 

-3.60 130.55 4.81 429 
178.02 412.32 88.00 670 

0 1.1048 
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Statistical summary results were used to identify POCs with sufficient data to ascertain potential trends in 
concentrations sampled in the receiving waters and land use sites. POCs were selected for the trend 
analysis based on two criteria: 

• Pollutant was sampled at least 1 0 times (n value), and 

• Pollutant concentration was detected at least 80% of the times(% detected value). 

Based on these criteria, the following pollutants were selected: 

• Nutrients: Ammonia as N, Nitrate as N, and TKN 

a Metals: Copper, Lead, and Zinc 

• Pesticides: 4,4'-DDE 

• Bacteria: Tot;;:~l coliform 

IV. TREND ANALYSIS USING A SIMPLE LINEAR REGRESSION ANALYSIS 

The principal statistical method used to address the objectives of this analysis consisted of a simple linear 
regression (SLR). Unless specified, thresholds for statistical significance were set at a confidence level for 
95% (p< 0.05) for all analyses. 

Fitness Analysis 

A fitness test, using a statistical program JMP 5.1, was completed to evaluate how well the data matches 
a lognormal or normal distributions. The normal distribution has a symmetric "bell shaped" probability 
density function. The lognormal distribution is defined with reference to the normal distribution of the 
data's natural logarithm. A reasonable fit to a distribution was assumed if its fit probability was calculated 
as 15 percent or higher. In cases where neither distribution re.sulted in a reasonable fit, the distribution 
with the highest probability was assumed to govern. Results are summarized in Table 4. A review of the 
table indicates that in most cases lognormal distribution provides a better distribution representation than 
normal distribution for the available data. The only exception is monitoring results for ammonia at 
receiving water station W-4, where normal distribution was a better fit. Some results are inconclusive for 
either distribution. Examples of inconclusive distribution (probability less than 15%) are total zinc at 
receiving water station R-1; dissolved zinc at monitoring station W-4; 4,4'-DDE data for monitoring stations 
R-1, 1-2, and W-4; dissolved copper at monitoring station W-3; total lead at monitoring station W-4; and 
total coliform at monitoring station 1-2. Based on these results, lognormal distribution was assumed for all 
POCs in the statistical analysis. 

A009514 



TABLE 4. FITNESS TEST RESULTS 

GOODNESS OF FIT 

R-1, FIT PROS. 1-2, FIT PROS. W-3, FIT PROS. W-4, FIT PROS. 

CONSTITUENT LOGNORMAL NORMAL LoGNORMAL NORMAL LoGNORMAL NORMAL . LoGNORMAL NORMAL 

4,4'-DDE 0.01 0.0001 0.01 0.0001 0.15 0.0076 0.0625 0.0233 

Ammonia as N 0.15 0.0001 0.15 0.0017 0.15 0.0012 0.15 0.742 

Copper, dissolved 0.15 0.0002 0.15 0.0001 0.052 0.0001 0.15 0.0096 

C~per, total 0.15 0.0005 0.15 0.0001 0.15 0.0001 0.15 0.042 

Lead, dissolved 0.15 0.0016 0.15 0.0001 0.1411 0.0021 0.15 0.0001 

Lead, total 0.15 0.0003 0.15 0.0001 0.15 0.0001 0.0829 0.0388 

Nitrate as N 0.15 0.0001 0.15 0.086 0.15 0.0431 0.15 . 0.0435 

TKN 0.15 0.0001 0.15 0.0284 0.15 0.0072 0.15 0.0269 

Total Colifonn 0.1494 0.0185 0.01 0.0001 0.1401 0.0169 0.15 0.0081 

Total detect. DOTs 0.01 0.0001 0.01 0.0001 0.15 0.0193 0.15 0.205 

Zinc, dissolved 0.15 0.001 0.15 0.0013 0.15 0.0044 0.0761 0.0001 

Zinc, total 0.0784 0.0216 0.15 0.0001 0.15 0.0001 0.15 0.077 

Trend Analysis . 

A summary of trend analysis for POCs is provided in Table 5. The following factors were considered in 
identifying trends for the selected POCs. 

No of Observations: number of observations used in estimating the fit (minimum of 1 0). 

% Nondetect: Percent of samples that were detected at the limit (minimum of 80%). 

Type of analysis: A lognormal analysis was assumed for all pollutants. 

Rsquare (R2): Coefficient of determination measures the proportion of the variation accounted for by fitting 
means to each factor level. The remaining variation is attributed to random error. The R2 value is 1 if fitting 
the group means accounts for all the variation with no error. An R2of 0 indicates that the fit serves no 
better as a prediction model than the overall response mean. 

Prob>F: Observed significance probabilities of0.05 or less are considered evidence that the trend is 
statistically significant. 

For pollutants with data that had a probability of 0.05 or less, a trend and a representative equation was 
identified. For other pollutants, it is assumed that a significant trend can not be established with the 
available data. 

Trend Analysis of POC- August 26, 2005 12/22 
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TABLE 5. TREND ANALYSIS FOR POCs 

No. OF % TYPE OF PROB> 
POC SITE OBSERVATIONS NONDETECT ANALYSIS EQUATION R2 F INTERCEPT TREND 

12 21 38.1 LogNormal 0.142 0.093 

4,4'-DDE R1 22 27.3 LogNormal 0.155 0.070 

W3 13 92.3 LogNormal 0.018 0.658 

W4 12 91.7 LogNormal 0.003 0.875 
Log(C) =-
12.11354 + 

12 24 79.2 LogNormal 3.811e-9T 0.172 0.044 -12.114 Increase 
Ammonia 
as N R1 27 85.2 LogNormal 0.023 0.453 

W3 16 81.3 LogNormal 0.064 0.346 

W4 12 91.7 LogNormal 0.086 0.356 

12 22 100 LogNormal 0.066 0.248 
Copper, 
Dissolved R1 24 100 LogNormal 0.064 0.231 

W3 16 100 LogNormal 0.215 0.071 

W4 12 100 LogNormal 0.155 0.205 
Log(C) =-
5.620231 + 

12 26 100 LogNormal 3.1457e-9 T 0.162 0.041 -5.620 Increase 
Copper, i 

Total R1 27 100 LogNormal 0.055 0.240 

W3 16 100 LogNormal 0.125 0.180 
Log(C) = 
23.684695-

W4 12 100 LogNormal 6.3714e-9 T 0.372 0.035 23.685 Decrease 
Log(C) = 
28.5693-

12 22 72.7 LogNormal 9.2847e-9 T 0.386 0.002 28.569 Decrease 
Lead, 
Dissolved R1 24 87.5 LogNormal 0.016 0.558 

Log( C)= 
75.348187-

W3 16 81.3 LogNormal 2.4426e-8 T 0.851 <.0001 75.348 Decrease 
Log(C) = 
52.814871 -

W4 12 66.7 LogNormal 1.7189e-8 T 0.497 0.011 52.815 Decrease 

12 26 100 LogNormal 0.024 0.451 
Log(C) = 

Lead, 20.831703-
Total R1 27 100 LogNormal 6.442e-9 T 0.251 0.008 20.832 Decrease 

W3 16 93.8 LogNormal 0.045 0.431 

W4 12 100 LogNormal 0.078 0.378 

12 23 100 LogNormal 0.001 0.919 
Nitrate as 
N R1 27 100 LogNormal 0.002 0.816 

W3 16 100 LogNormal 0.046 0.427 

W4 12 100 LogNormal 0.206 0.138 

12 20 100 LogNormal 0.065 0.277 

TKN R1 23 100 LogNormal 0.013 0.604 

W3 16 100 LogNormal 0.224 0.064 
Log(C) = 
23.858872-

W4 12 100 LogNormal 7.258e-9 T 0.433 0.020 23.859 Decrease 

12 17 100 LogNormal Log(C) =- 0.301 0.023 -9.794 Increase 

Trend Analysis of POC- August 26, 2005 13/22 

A0095i6 



TABLE 5. TREND ANALYSIS FOR POCs 

NO. OF % TYPE OF PROB> 
POC SITE OBSERVATIONS NONDETECT ANALYSIS EQUATION Rz F INTERCEPT TREND 

9.793606 + 
6.9125e-9 T 

Total 
Colifonn R1 18 100 LogNormal 0.156 0.105 

W3 15 100 LogNormal 0.180 0.115 

W4 12 100 LogNormal 0.027 0.612 

12 7 - LogNormal 0.139 0.410 
Total 

R1 22 LogNormal 0.210 0.361 
Detectable -
DDTs{1l W3 12 - LogNormal 0.038 0.541 

W4 11 - LogNormal 0.000 0.953 

12 22 100 LogNormal 0.031 0.434 
Zinc, 
Dissolved R1 24 95.8 LogNormal 0.003 0.810 

Log(C) = 
42.327701-

W3 16 93.8 LogNormal 1.2835e-8 T 0.792 <.0001 42.328 Decrease 

W4 12 100 LogNormal 0.301 0.065 

12 26 100 LogNormal 0.032 0.384 

Zinc, Total R1 27 100 LogNormal 0.001 0.880 

W3 16 100 LogNormal 0.045 0.429 
Log(C) = 
26.104093-

W4 12 100 LogNormal 6.7821e-9 T 0.392 0.030 26.104 Decrease 
1} Detection for DOTs IS low and therefore trends cannot be established. 

Results by POC 

POCs with statistically significant trend at any of the four sites are summarized in Table 6. A review of the 
results reveals very small increase/decrease in the trends that were found statistically significant. 
Furthermore, the low R2 values indicate that these trends are statistically weak and therefore should be 
regarded cautiously. Dissolved lead and zinc at monitoring site W3 show the most significant decreasing 
trend with R2 values of 0.851 and 0.792, respectively. However, the observed decrease for these two 
metals is minor (see slope). 

TABLE 6. TREND ANALYSIS FOR POCs 
k -:· . > NO:oF·_;·· • > ·, o/1)::.· •.• ' . • --·~ .·> ..... .. . \: :,; ;.:· ::~: .. . . 

·siTE .. .'R2. ··• ·•· sl-_OP.E 
., ... ,. ...... 

POC OssERvAtldNs • NON DETECT' 
. 

TRENb.> ,-: 

R1 Lead, Total 27 100 0.251 -6.44 e-9 Decrease 

12 Ammonia as N 24 79.2 0.172 + 3.81 e-9 Increase 
12 Copper, Total 26 100 0.162 + 3.15 e-9 Increase 
12 Lead, Dissolved 22 72.7 0.386 - 9.28 e-9 Decrease 
12 Total Coliform 17 100 0.301 + 6.91 e-9 Increase 

W3 Lead, Dissolved 16 81.3 0.851 - 2.44 e-8 Decrease 

W3 Zinc, Dissolved 16 93.8 0.792 - 1.28 e-8 Decrease 

W4 Copper, Total 12 100 0.372 - 6.37 e-9 Decrease 
W4 Lead, Dissolved 12 66.7 0.497 - 1.72 e-8 Decrease 
W4 TKN 12 100 0.433 -7.26 e-9 Decrease 
W4 Zinc, Total 12 100 0.392 - 6.78 e-9 Decrease 

Trend Analysis of POC- August 26, 2005 14/22 

A00~b17 

•• 



DDT-pesticides: Analysis of DDT-pesticides sampling data did not reveal a significant trend in 
concentration increase or decrease in the four sites. Lack of discern able trend can be attributed to the 
limited data available for the analysis. DDT is a legacy pollutant, persistent in the environment, and very 
slow in degrading. Therefore, it is unlikely to observe a significant change in the sampling data. 

Metals: The most consistent trend observed was the decrease in dissolved lead at sites 12, W3, and W4. 
Although no statistically significant trend has been observed at site R1 for dissolved lead, a decrease was 
observed at site R1 for total lead. 

A statistically significant increase in total copper was found for site 12 data and a decrease in total copper 
was observed for site W4. 

A statistically significant decrease in dissolved and total zinc was observed in the receiving water sites, W3 
and W4. 

Nutrients: A statistically significant increase ~in ammonia was observed at site 12 and a decrease in TKN in 
site W4. No trends were observed for nitrates on any of the sites. 

Bacteria: The only statistically significant trend observed was an increase at site 12. 

Results by Site 

Site R1: The only statistically significant trend at site R1 is attributed to a decrease in total lead. Other 
POCs did not exhibit any discern able trend. 

Site 12: The statistical analysis reveals an increase in ammonia, total copper, and total coliform 
concentrations and a decrease in dissolved lead at site 12. 

Site W3: A statistically significant trend was identified for dissolved forms for lead and zinc. 
Concentrations for both metals appear to be decreasing for the monitoring period studied. 

Site W4: A statistically significant trend was identified for dissolved lead, total copper and zinc, and TKN. 
All POCs concentrations appear to decrease over the monitoring period studied. 

V. REVIEW OF RELEVANT TMDLS 

A 1999 consent decree set by the US District court, in response to a lawsuit brought by Heal the Bay and 
Santa Monica Bay Keeper against US EPA. established a schedule for TMDLs for each and every pairing of 
water quality limit segments (WQLS) and associated pollutants listed in the 1998 303(d) list. The TMDL 
pollutant list includes nutrients, heavy metals, sediment, pathogens, and pesticides. The schedule spans 
12 years to allow for the ?PProval or establishment by EPA of TMDLs within the jurisdiction of the regional 
water quality control board, region 4 (Los Angeles)2. Although the list of WQLS and associated pollutants 
pairing is extensive, the schedule specifies completion dates only for selected TMDL units (a collection of 
related WQLS) as shown in Table 7. The status of selected TMDLs in the Los Angeles region is 
summarized in Table 8. In developing TMDLs, source assessments in most cases identify urban runoff and 
stormwater as significant sources of POCs (pathogens, trash, nitrogen compounds, sediments, metals, and 
pesticides) loading. The development and implementation of these and additional TMDLs in the Los 
Angeles regions are likely to further identify sources and trends of POCs and provide means for addressing 
POCs through implementation plans. Pollutants of concern identified in the Ventura Countywide monitoring 
program correlate well with listed TMDLs. 

2 Consent Decree in Heal the Bay, Inc.; Santa Monica BayKeeper, Inc. v. Browner, Case No. 98-5825 SBA on 
March 22, 1999 
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TABLE 7. SCHEDULE FOR TMDL ADOPTION BY EPA 
REQUIRED 
COMPLETION WATER BODY POLLUTANT 
DATE('l 

1 year San Gabriel River East Fork Trash 
Los Angeles River TMDL unit Trash 

2 years Ballona Wetland and Ballona Creek Trash 
Calleguas Creek MDL unit Chloride 
Santa Monica Bay WMA TMDL unit Eutrophication /nutrients 

3 years Santa Monica Bay WMA TMDL unit Beach closure/coliform 

Calleguas Creek MDL unit Nitrogen compounds 

Marina Del Rey Harbor Beach Beach closure/coliform 
Los Angeles River TMDL unit Ammonia, odor, nutrients, algae, pH 

4 years 
San Gabriel River Watershed TMDL unit Toxicity, ammonia, algae, pH 
Santa Clara River TMDL unit Nitrogen compounds, org. enrichment/low DO 
McGrath Beach/Mandalay Beach, and Santa 

Beach closure/coliform 
Clara Rive Estuary Beach/Surfers Knoll 
Santa Monica Bay Near shore and offshore Mercury, heavy metals 
zone 

5 years 
Los Angeles River TMDL unit metals 
Ballona Creek and estuary Metals/toxicity 
Ballona Creek and estuary Pesticides, sediment toxicity 
Los Angeles harbor/Cabrillo Beach Beach closure 
Marina Del Rey Harbor-back basins Pesticides, metals 

6 years Calleguas Creek MDL unit Toxicity, chlorpyrifos 
Callequas Creek MDL unit Pesticides, sediment toxicity 
Santa Monica Bay near shore and offshore zone . Chlordane 
Los Angeles River, Reach 5 Chlorpyrifos 

7 years Ballona Creek and estuary Coliform, enteric viruses 
San Gabriel River Watershed TMDL unit Metals 
Calleguas Creek metals 

Number of years from the adoption of the Consent Decree, March 199.9. 

TABLE 8. STATUS OF SELECTED TMDLs FOR WATER BODIES WITHIN THE JURISDICTION OF THE LOS 

ANGELES REGIONAL WATER QUALITY CONTROL BOARD 

Ballona Creek 

Ballona Creek 
Estuary 

Ballona Creek and 
wetlands 

Ballona Creek (dissolved 
copper, dissolved lead, total 
selenium, and 

dissolved zinc) 

Sepulveda Canyon Channel. 
(lead) 

Cadmium, copper, lead, 
silver, zinc, chlordane, DDT, 
PCBs and PAHs 

Trash 

Trend Analysis ofPOC -August 26, 2005 

Dry weather (storm drain, 
groundwater discharge and flows 
from other permitted NPDES 
Discharges). 

Wet weather (storm water flows). 

Urban storm water. Most 
prevalent metals in urban storm 
water are consistently associated 
with suspended solids. 

Stormwater 

A009o19 

Amendment to jhe Water 
Quality Control Plan- Los 
Angeles Region to 
incorporate the 

Ballona Creek Metals 
TMDL was last revised in 
May 2005. 

Amendment to the Water 
Quality Control Plan- Los 
Angeles Region to 
incorporate the 

Ballona Creek Estuary 
Toxic Pollutants TMDL was 
last revised in May, 2005: 

Tentative resolution for the 
. amendment to the Water 
Quality Control Plan for the 
Los Angeles Region to 
Amend the Total Maximum 
Dail Load for Trash in the 
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TABLE 8. STATUS OF SELECTED TMDLS FOR WATER BODIES WITHIN THE JURISDICTION OF THE Los 
ANGELES REGIONAL WATER QUALITY CONTROL BOARD 

WATER BODY NAME POLLUTANT SOURCES SUMMARY 

Ballona Creek and 
Wetland was drafted May 
2004. 

Calleguas Creek, Its Organochlorine Pesticides, Agricultural runoff; residue of past A public hearing for Total 
Tributaries, and Polychlorinated Biphenyls, use of PCBs as coolants and Maximum Dally Load for 
MLIQU Lagoon and Siltation. lubricants in transformers, Organochlorine Pesticides, 

capacitors, and other electrical Polychlorinated Biphenyls, 
equipment; atmospheric and Siltation in Calleguas 
deposition. Creek, its Tributaries, and 

Mugu Lagoon was held in 
July 2005. 

Calleguas Creek, its Chlorpyrifos, diazinon, other Agriculture and urban use, publicly A pubic hearing for the 
tributaries and Mugu pesticides and/or other owned treatment works (POTW), proposed Amendment to 
Lagoon toxicants. open space, groundwater the Water Quality Control 

accretion and atmospheric Plan - Los Angeles Region 
deposition. to Incorporate the 

Calleguas Creek 
Watershed Toxicity TMDL 
was held July 2005. 

Calleguas Creek salts Public Owned Treatment Works. Tentative resolution to find 
that the Calleguas Creek 

i Watershed Salts TMQL 
Work Plan Does not 
provide an adequate 
approach to determining 
appropriate water quality 
standards and 
Implementation with 
respect to Chloride in the 
Calieguas Creek 
Watershed was drafted 
April2003 

Calleguas Creek Nitrogen compounds Discharges from the POTWs in the Amendment to the Water 
watershed and runoff from Quality Control Pian for the 
agricultural activities in the Los Angeles Region to 
watershed. include a TMDL for 

Nitrogen Compounds and 
Related Effects in 
Calleguas Creek became 
effective July 2003. 

Los Angeles Harbor Bacteria Dry-weather urban runoff and .Draft Los Angeles Harbor 
storm water conveyed by storm Bacteria Total Maximum 
drains. Potential nonpoint sources Daily Load (inner Cabrillo 
include marina activities such as Beach and Main Ship 
waste disposal from boats, boat Channel}- April 30, 2004. 
deck and slip washing, swimmer 

Response to comments "wash-off', restaurant washouts 
and natural sources from birds, posted on the regional 

waterfowl and other wildlife. board's website in June 
2004. 

Los Angeles River Metals (copper, cadmium, Dry weather (POTWs, storm Proposed Amendment to 
lead, zinc, aluminum and drains) the Water Quality Control 
selenium) Wet weather (storm water flow) Plan- Los Angeles Region 

Direct atmospheric deposition to incorporate the Los 
Angeles River and 
Tributaries Metals TMDL 
drafted in May 2005. 

Trend Analysis of POC- August 26, 2005 17/22 

A0095?0 



----------------

) 

TABLE 8. STATUS OF SELECTED TMDLs FOR WATER BODIES WITHIN THE JURISDICTION OF THE Los 
ANGELES REGIONAL WATER QUALITY CONTROL BOARD 

WATER BODY NAME POLLUTANT SOURCES SUMMARY 

Los Angeles River Ammonia and nitrogen [)ischarges from Water A resolution revising 
compounds Reclamation Plants, urban runoff, interim effluent limits for 

stormwater, and groundwater ammonia in the 
discharge. Amendment to the Water 

Quality Control Plan for the 
Los Angeles Region to 
include a TMDL for 
Nitrogen Compounds and 
Related Effects in the Los 

Angeles River was 
adopted July 2003. 

Los Angeles River Trash Stormwater discharge A resolution amending the 
Water Quality Control Plan 
for the Los Angeles Region 
to Incorporate a Total 
Maximum Daily Load for 
Trash in the Los Angeles 
River Watershed was 
adopted fn September 
2001. 

Santa Clara River Coliform Public hearing for 
Estuary and beaches proposed TMDL for Santa 

Clara River Estuary 
beach/surfers' knoll, 
McGrath State Beach, and 
Mandalay Beach Coliform 
and beach closures was 
held October 2004. 

Upper Santa Clara Chloride Discharge from water reclamation Tentative resolution for 
River plants Chloride TMDL in the 

Upper Santa Clara River 
was drafted May 2004. 

Santa Clara River Nitrogen compounds Discharges from the Saugus and Amendment to the Water 
Valencia Water Reclamation . Quality Control Plan for the 
Plants (WRPs), the Fillmore and Los Angeles Region to 
Santa Paula Publicly Owned include a TMDL for 
Treatment Works (POTWs). Nitrogen Compounds in 
Agricultural runoff, stormwater the Santa Clara River was 
discharge, and groundwater adopted August 2003. 
discharge. 

Malibu Creek Nutrients Draft unavailable. 

Malibu Creek Bacteria Stormwater and dry weather Resolution amending the 
runoff, onsite wastewater Water Quality Control Plan 
treatment system, and animal for the Los Angeles Region 
waste. to Incorporate a Total 

Maximum Daily Load for 
Bacteria in the Malibu 
Creek Watershed was 
adopted December 2004. 

Santa Monica bay Bacteria Tentative resolution 
and beaches amending the Water 

Quality Control Plan (Basin 
Plan) for the Los Angeles 

Trend Analysis of POC- August 26, 2005 18/22 

A009~21 



TABLE 8. STATUS OF SELECTED TMDLS FOR WATER BODIES WITHIN THE JURISDICTION OF THE Los 
ANGELES REGIONAL WATER QUALITY CONTROL BOARD 

WATER BODY NAME POLLUTANT SOURCES SUMMARY 

Region to Incorporate a 
Wet-Weather Total 
Maximum Daily Load for 
Bacteria at Santa Monica 
Bay was drafte9 
September 2002. 

Channel Islands Bacteria Public hearing to discuss 
harbor the Channel Islands 

Harbor Bacteria TMDL was 
held October 2004. 

Marina del rey Bacteria Dry-weather urban runoff and Amendment to the Water 
Harbor Mother's storm water marina activities such Quality Control Pian - Los 
beach and back as waste disposal from boats, boat Angeles Region to 
basins deck and slip washing, swimmer incorporate the 

"wash-off', restaurant washouts Marina del Rey Harbor 
and natural sources from birds, Mothers' Beach and Back 
waterfowl and other wildlife. Basins Bacteria TMDL 

VI. LIST OF POTENTIAL SOURCES OF POCS 

Information on the make up and land uses that may contribute POC loading in the four sub-watersheds is 
limited. Rather, general observations are made in identifying and listing potential sources for the POCs that 
were detected at the four monitoring sites. 

Nitrogen Compounds 

Sources of nitrite, nitrate, and ammonia are generally agricultural activities (including nitrogenous-based 
fertilizers), animal and human fecal matter, natural environmental concentrations, and home use and 
disposal of fertilizers that are generally uncontrollable. 

Nitrogen compounds in stormwater 

• Agricultural activities 

• Animal fecal matter 

• Natural environmental concentrations 

• Home use and disposal of fertilizers 

Nitrogen compounds in wastewater 

• Natural environmental concentrations 

• Home use and disposal of fertilizers 

DDT Pesticides 

Prior to 1972 when its use was banned, DDT was a commonly used pesticide. Although it is no longer used 
or produced in the United States, DDT persists in the environment. DDT, and its break-down products 
DOE and ODD, are persistent, bioacculumative, and.toxic. Sources of DDT include atmospheric deposition 
and soil and sediment runoff. 
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Total Coliform 

Sources of total coliform are limited to human waste, agricultural areas, or wildlife. Typical sources of 
bacteria/pathogens are noted below: 

• Soils 
• Birds 
• Animals 
• Sewage from leaks, spills and illicit connections 
• Outdoor defecation 
• Pet and livestock waste 
• Diaper cleaning and disposal 
• Landfills containing animal and human waste 
• Wastewater Treatment Plant 

Metals (Copper, Lead, Zinc) 

Sources for metals found in stormwater runoff include industries, commercial businesses, residential uses, 
ambient concentrations in soil, and water supply. Industries such as electroplating or metal finishing 
operations and commercial businesses such as vehicle services (fueling, auto repair and painting), · 
machine shops, printers, or car washes are most likely to contribute metals into runoff without source 
control measures. In residential areas, painting activities are likely sources of metal contribution in 
drainage and runoff. Brake pqd dust from roadways is a source of metals as well. Specific sources for 
metals are noted below: 
Metals in stormwater 

• Atmospheric (dust suspension) 
• Natural (erosion) , 
• Residential related (illegal dumping, corrosion, root control, roof runoff, surface cleaners, paint, carpet 

cleaning) 
• Vehicle related (vehicle washing, vehicle service/repair, tailpipe emissions, brake pad wear, auto 

recycling facilities) 
• Agriculture (Copper is applied as pesticide and directly to the ground to compensate for local soils that 

contain concentrations which are less than optimal for growth ofcrops) 
Metals in wastewater 

• Natural (water supply) 
• Human Activities (laundry gray water, carpet cleaning, paint, household products, food waste, 

pools/spas) 
• Corrosion of copper piping and architectural copper (roofing, vents, etc). 

Metals in commercial/industry 
• Coil coaters, machine shops, metal fabricators/finishers 
• Carpet cleaners, dry cleaners 
• Dentists, laboratories, medical service 
• Food service/ restaurants, food processors 
• Plumbers, printers, radiator repair 
• Wineries 
• Textiles/ceramics 
• Airports/ Aircraft 
• Cooling tower blowdown 
• Electronics, machine shops, metal finishers 
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• Ammunition, batteries 
• Arc lamps 

VII. LIST OF CURRENT MANAGEMENT PRACTICES 

In meeting its NPDES permit requirements, Ventura Countywide Stormwater Quality Management Program 
implements the following stormwater management plan programs to educate the community and reduce 
stormwater pollution3. 
Public outreach programs 

• Media outlet 
• Stencil program 
• Oil recycling program 
• Household hazardous material program 
• Access point sign posting 
• Pet waste program 
• Reporting of clogged catch basin inlets and illicit discharges/dumping 
POCs addressed include: metals) trash I pathogens 

Industrial/Commercial Businesses programs 
• Outreach effort and sharing educational materials to encourage implementation of best management 

practices. 
• Target automotive service and food service facilities 
• Onsite education visits. 
POCs addressed include.: metals) pesticides) trash 

Planning and Land Development Programs 
,7,..,.·· • Placing Conditions on projects that require potential stormwater quality impacts to be mitigated through 

source and treatment controls. 
POCs addressed include: nutrients) sediments) pesticides 

Construction Sites Programs 
• Implementation of an effective construction program 
• Erosion control 
• Sediment control 
• Site management 
• Material and waste management 
POCs addressed include: sediments) meta lsi trash 

Public Agency Activities Program~ 
• Drainage system operation amf"maintenance (catch basi~ cleaning) 
• Roadways operation and maint~_ance (street·sweeping) 
• Pesticide, herbicide, and fertilizem application and use 
• Training municipal staff 
POCs addressed include: nutrients) sediments) pesticides) trash) metals 

Illicit Discharges/Illegal Connections Programs 
• Respond to illicit discharge reports and ensure -discharges are terminated, cleaned up and/or perform 

follow-up education. 
• Public outreach program (see above) 

3 
Ventura County Watershed Protection District (2004). Ventura Countywide Stormwater Quality Management Program Annual 

Report for Permit Year 4, Reporting Year 10. 
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POCs addressed include: pesticides, trash, metals 

VIII. SUMMARY AND CONCLUSIONS 

The trend analysis presented in this report is limited by available data. Monitoring at the sites was reported 
on average once a year and reflects one wet weather event per year. Of the eleven POCs considered in 
this analysis and are monitored at the sites, nine POCs had sufficient data to consider in a statistical 
analysis. Of these nine pollutants, data for seven POCs revealed trends that might be considered as 
statistically relevant and include DDT, copper, lead, zinc, ammonia, TKN, and total coliform. Generally, the 
receiving water sites exhibit a decrease in POCs. Data at site 12, representing an industrial land use, 
suggest an increase, albeit minor, in ammonia, copper, and total coliform. Data at site R1, representing 
residential land use, were generally inconclusive except for lead which appears to have a decreasing trend. 

A review of the current BMP program above and the trend analysis supports in general that the Ventura 
Countywide Stormwater Quality Management Program is adequately addressing the current pollutants of 
concern and potential pollutants (e.g. trash and sediment) identified in regional TMDLs. The one caveat to 
this statement is in the industrial/commercial program. The trend analysis indicated that the one site that 
showed potential increase in pollutant concentrations was the industrial site (1-2) and the pollutants showing 
increases were metals and nutrients. These pollutants are prevalent at industrial sites, especially metals, 
and consequently the Program should consider an enhanced effort in this area. Currently the Program 
conducts educational inspections once every two years. This frequency should be increase to once every 
year. The inspection should be expanded to include more than just an educational visit. A more formal 
inspection program should be established and include: 

• . Inspection checklist 
• BMP Fact Sheets (with appropriate references to the State Industrial General Permit and California 

BMP Handbooks) 
• Progressive Enforcement and Referral Policy 

Similarly the commercial/industrial inventory should be expanded and include business that have been 
identified as potential nutrient sources, e.g. kennels, nurseries. 
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Ventura County Beach Postings (1/5/2005-10/17/2006) 
Beach Name ID Number 

1 Rincon Beach (25 yds S. of creek mouth) 1000 
2 Rincon Beach (at the flagpole) 1050 
3 Rincon Beach (bottom of footpath) 1100 
4 Hobson County Park Beach 5000 
5 Rincon Parkway (near camp space 20) 6000 
6 Faria County Park Beach 7000 
7 Mandos Cove Beach 8000 
8 Solimar Beach at Cypress Tree 9000 
9 Solimar Beach at end of east gate 10000 
10 Emma Wood State Beach 11000 
11 Surfer's Point Beach (at Fairgrotmds- stables) 13000 
12 Promenade Park (Figueroa St.) 14000 
13 Promenade Park (Redwood Apts) 15000 
14 Promenade Park (S. of drain, end of Oak Street) 16000 
15 Promenade Park (Ca1ifomia St.) 17000 
16 San Buenaventura Beach (K.alorama St.) 18000 
17 San Buenaventura Beach (San Jon Rd.) 19000 
18 San Buenaventura Beach (Dover Ln.) 20000 
19 San Buenaventura Beach (Weymouth Ln.) 21000 
20 Marina Park Beach (at cement boat) 22000 
21 Peninsula Beach (aka Harbor Cove) 23000 
22 South Jetty (Beach area S of Jetty, Ventura Harbor Marina) 24000 
23 Surfer's Knoll (Beach next to parking lot, 1/4 mile up coast of Santa Clara River) 25000 
24 McGrath State Beach (N. of Gonzales Rd.) 26000 
25 McGrath State Beach (End of Gonzales Rd.) 27000 
26 McGrath State Beach (S. end of McGrath Lake) 28000 
27 Oxnard Beach (S. of Starfish Drive, End of Outrigger Way) 30000 
28 Oxnard Beach Park (Falkirk St.) 32000 
29 Hollywood Beach - La Crescenta Ave 34000 
30 Hollywood Beach (Los Robles St.) 35000 
31 Robie Beach (S. end of Victoria Ave.) 36000 
32 Chmmel Island Harbor Beach Park (Kiddie Beach) 37000 
33 Silverstrand Beach (San Nicolas Ave.) 38000 
34 Silverstrand Beach (Sawtelle Ave.) 40000 
35 Port Hueneme Beach Park (50 yds N. of Pier) 41000 
36 01mond Beach (25 yds S. of "J" Street Drain) 42000 
37 Ormond Beach (25 yds N. ofh1dustrial Drain) 43000 
38 Onnond Beach (End of Amold Road) 44000 
39 Point Mugu Beach 45000 
40 Sycamore Cove Beach (25 yds S .. of creek) 47000 
41 Deer Creek Beach (25 yds S. of creek) 48000 
42 County Line Beach 49000 
43 Staircase Beach (bottom of staircase) 50000 
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/ - Ventura County 2005 Beach Postings 

Beach Name ID Number 
C.I. Harbor Beach Park (Kiddie Beach) 37000 
County Line Beach 49000 
Emma Wood State Beach 11000 
Faria County Park Beach 7000 
Robie Beach 36000 
Hobson County Park Beach. 5000 
Hollywood Beach (Los Robles St.) 35000 
Mandos Cove Beach 8000 
Marina Park Beach 22000 
McGrath State Beach (End. of Gonzales Rd.) 27000 
McGrath State Beach (N.of Gonzales Rd.) 26000 
McGrath State Beach (S. end of McGrath Lake) 28000 
Ormond Beach (Industrial Drain) 43000 
Oxnard Beach (Outrigger Way) 30000 
Oxnard Beach Park (Falkirk St.) 32000 
Peninsula Beach/Harbor Cove 23000 
Point Mugu Beach 45000 
Port Hueneme Beach Park 41000 

/ 
Promenade Park (California St.) 17000 
Promenade Park (End of Oak St.) 16000 
Promenade Park (Figueroa St.) 14000 
Promenade Park (Redwood Apts) 15000 
Rincon Beach (creek mouth) 1000 
Rincon Beach (footpath) 1100 
San Buenaventura Beach (Dover Ln.) 20000 
San Buenaventura Beach (Kalorama St.) 18000 
San Buenaventura Beach (San Jon Rd.) 19000 
San Buenaventura Beach (Weymouth Ln.) 21000 
Silverstrand Beach (San Nicolas Ave.) 38000 
Silverstrand Beach (Sawtelle Ave.) 40000 
Solimar Beach (cypress tree) 9000 
South Jetty Beach 24000 
Surfer's Knoll Beach 25000 
Surfer's Point Beach (Stables) 13000 
Sycamore Cove Beach 47000 

_/ 
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Ventura County 2006 Beach Postings 

Beach Name ID Number 
Cham1el Island Harbor Beach Park (Kiddie Beach) 37000 
County Line Beach 49000 
Deer Creek Beach (25 yds S. of creek) 48000 
Emma Wood State Beach 11000 
Robie Beach (S. end of Victoria Ave.) 36000 
Hollywood Beach- La Cresceri.ta Ave 34000 
Hollywood Beach (Los Robles St.) 35000 
Marina Park at cement boat 22000 
McGrath State Beach (End of Gonzales Rd.) 27000 
McGrath State Beach (N. of Gonzales Rd.) 26000 
McGrath State Beach (South end near McGrath Lake) 28000 
Onnond Beach (25 yds N. oflndustrial Drain) 43000 
Onnond Beach (25 yds S. of "J" Street Drain) 42000 
Onnond Beach (End of Arnold Road) 44000 
Oxnard Beach (S. of Starfish Drive, End of Outrigger Way) 30000 
Peninsula Beach (aka Harbor Cove) 23000 
Point Mugu Beach 45000 
Port Hueneme Beach Park (50 yds N. of Pier) 41000 
Promenade Park - Figueroa Street 14000 
Promenade Park (S. of drain, end of Oak Street) 16000 
Promenade Park at California St. 17000 
Promenade Park at Redwood Apartments. 15000 
Rincon Beach (25 yds S. of creek mouth) 1000 
Rincon Beach (at the flagpole) 1050 
Rincon Beach (bottom of footpath) 1100 
Rincon Parkway (near camp space 20) 6000 
San Buenaventura Beach at Dover Lane 20000 
San Buenaventura Beach at Kalorama St. 18000 
San Buenaventura Beach at San Jon Road. 19000 
San Buenaventura Beach at Weymouth Lane 21000 
Silverstrand Beach- San Nicholas Ave 38000 
Silverstrand Beach (Sawtelle Ave) 40000 
Solimar Beach at Cypress Tree 9000 
Solimar Beach at end of east gate 10000 
South Jetty (Beach areaS of Jetty, Ventura Harbor Marina) 24000 
Staircase Beach (bottom of staircase) 50000 
Surfer's Knoll (Beach next to parking lot, 1/4 mile up coast of Santa Clara River) 25000 
Surfer's Point at Fairgrounds, stables 13000 
Sycamore Cove Beach (25 yds S. of creek) 47000 
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Count)1 of Resource f'1anagement Agency 

HOMiE 

entura 
••'"·~n ., ••. / 

-' ·~··· 

E;NVl.RON.Ml;NTAL HEALrli OCEAN 
~fl!:S[i curr:~.!r. ,., .. ,.A<. 

B~ad:)~~>~ OCEAN WATER QUALITY MONITORING PROGRAM Sam li -"'Ri!Sii!$ ... .-;, .. ,Pi,..,gQ~ ~,~·.; .~,.,~,-

log of Beach Postings: January 2005- Present 
s .. we.ek 

Si!.I!Jii>,!i~~Jti.~q:f,f 
No. of 

I I 
LQ~~at,~~ Sign Sign 

Days Beach Name Indicator( s) ID 

f.lr·~~k~~ 
Posted Removed 

Posted 
Failed Number 

~rtl9fa:e:a l~,J;~j:j,gg 

I 1/5/05 I 2/16/05 42 II Mandos Cove Beach TC & E 8000 
G.ra.e.~ ,,T~~· 

~~C.Q~~ 
I 1/5/05 I 1/19/05 14 Surfer's Point Beach (Stables) TC, FC, & E 13000 

F~~s 

I II 1~1 I I I o.,~.!!t ~q~. 1/5/05 1/26/05 Promenade Park Beach (Figueroa St.) TC, FC, & E 14000 

I!!!;!,~ ~!?Jl'g, F~!lll, 

I II 1~1 1/5/05 1/26/05 Promenade Park Beach (California St.) TC 17000 

~!.,!!.IP.!.~!a.t H!.,.aJ!b, l!sm!t. I 1/5/05 II 2/2/05 1~1 Peninsula Beach/Harbor Cove TC, FC, & E 2'l000 
II 

I 1/5/05 II 2/9/05 1~1 Oxnard Beach Park (Falkirk St.) TC & E 32000 

1/5/05 1/19/05 01 Hollywood Beach (Los Robles St.) 
II TC, FC, & E I 35000 I 

1/5/05 1 1;19;o5 01 C.I. Harbor Beach Park (Kiddie Beach) II TC, FC, & E II 37000 I 
1/12/05 2/2/05 ~I Marina Park Beach II TC & E II 22000 I 
1/12/05 1/19/05 01 Silverstrand Beach (Sawtelle Ave.) II TC & E II 40000 I 

I 1/12/05 II 1/19/05 101 Sycamore Cove Beach II TC I 47000 

I 1/12/05 II 1/26/05 101 County Line Beach II TC & E I 49ooo 11 

I 1/19/05 II 2/2/05 101 Hobson County Park Beach II TC I 5000 11 

I 1/19/05 II 2/2/05 101 San Buenaventura Beach (San Jon Rd.) II TC & E I 19000 

I 1/26/05 II 2/2/05 101 Rincon Beach II TC II 1000 I 

I 1/26/05 II 2/2/05 101 Surfer's Point Beach (stables) II TC II 13000 I 

I 1/26/05 II 2/2/05 101 Surfer's Knoll Beach II TC & E II 25000 I 

I 1/26/05 II 2/2/05 101 Hollywood Beach (Los Robles St.) II TC II 35000 I 

I 2/2/05 II 2/9/05 101 C.I. Harbor Beach Park (Kiddie Beach) II FC II 37000 I 

I 2/9/05 II 2/16/05 101 Hobson County Park Beach II TC & E I 5000 

I 2/9/05 II 2/16/05 101 Promenade Park Beach (Figueroa St.) II TC & E I 14000 

II II II II II 
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2/9/05 2/16/05 7 Promenade Park Beach (California St.) I TC & E IL J 
2/9/05 2/16/05 7 Marina Park Beach I TC & E ~~ooo J 

2/24/05 3/2/05 u Rincon Beach I TC & E II 1000 I 
")/"), 1nr= 3/2/05 6 Hobson Co. Park Beach I TC & E II 5000 I -· 
2/24/05 111 n/0<; ?n Mandos Cove Beach TC&~d 8000 

21~l 1/?/0<; jl 6 Surfer's Pt. (stables) TC, FC, 13000 

.,,., 1nr= 3/2/05 6 Promenade Pk. Beach (Figueroa St.) TC, FC, & E 1 _, 

2/24/05 3/2/05 6 Promenade Pk. Beach (California St.) TC, FC & E 17000 

2/24/05 3/16/05 20 San Buenaventura Beach (San Jon Rd.) .... , .... , & E 19000 

2/2 ""BB Marina Park Beach TC & E 22000 

11 2/24/05 1/?/0 1 6 Peninsula Beach/Harbor Cove TC, FC, & E 23000 

2/24/05 3/16/05 20 Surfer's Knoii J?each TC 25000 

I 2/24/05 II 3/16/05 I 20 Oxnard Beach (Faikirk Ave.) TC& E 32000 

2/24/05 3/2/05 6 Hollywood Beach (Los Robles St.) TC & E 5000 

2/24/05 3/2/05 6 C.I. Harbor Beach Park (Kiddie Beach) '-'t '-'t 37000 

'J/'Ja/nr:. 6 Siiverstrand Beach (Sawtelle Ave.) TC ~nrn" 

= 
2/24/05 3/2/05 6 Port Hueneme Beach Park TC & E 41v-..t 

I 2/24/05 3/2/05 6 Point Mugu Beach E I 45000 

I 3/9/05 3/16/05 7 Surfer's Point Beach (stables) E I 13000 

I 3/9/05 3/16/05 7 Marina Park Beach I TC & E 22000 

I 3/30/05 4/5/05 6 C. I. Harbor Beach Park (aka Kiddie Beach) I E 37000 

3/30/05 4/5/05 6 I Point Mugu Beach II TC 45000 

4/4/05 4/5/05 1 I McGrath State Beach (N.of Gonzales Rd.) II FC & E 26000 

4/4/05 4/5/05 1 McGrath State Beach (End.of Gonzales Rd.) E & Ratio 27000 

4/6/05 4/7/05 1 I Promenade Park (Redwood Apts) E & Ratio 15000 

. 
I I 4/6/05 4/7/05 1 Promenade Park (End of Oak St.) E & Ratio 16000 

4/13/05 4/14/05 1 I Solimar Beach (cypress tree) II TC 9000 

4/20/05 4/21/05 18 Faria County Park Beach FC 7000 

I 5/3/05 5/4/05 18 Ormond Beach (Industrial Drain) TC 43000 

I 5/10/05 5/11/05 18 Oxnard Beach (Outrigger Way) 0 30000 

5/10/05 5/11/05 1 Ormond Beach (Industrial Drain) I TC,FC,E,Ratio I 43000 = 

I 
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I 5/18/05 II 5/20/05 II 2 II San Buenaventura Beach (San Jon Rd.) II TC& E II 19000 I 
I 5/24/05 II 5/27/05 [~] C.I. Harbor Beach Park (Kiddie Beach) II E II 37000 I 
I 5/26/05 II 5/27/05 II 1 II Rincon Beach (creek mouth) II E II 1000 I 
I 5/26/05 II 5/27/05 1~1 Rincon Beach (footpath) II FC II 1100 I 
I 5/26/05 II 5/27/05 1~1 Surfer's Point (stables) II TC II 13000 I 
I 5/26/05 II 5/27/05 1~1 Promenade Park (Figueroa St.) II TC II 14000 I 
I 5/26/05 II 5/27/05 II 1 II Promenade Park (Redwood Apts) II TC II 15000 I 
I 5/26/05 II 5/27/05 II 1 II Promenade Park (Oak St.) II TC II 16000 I 
I 5/26/05 II 5/27/05 ICII Promenade Park (California St.) II TC II 17000 I 
I 5/26/05 II 5/27/05 1~1 San Buenaventura Beach (Kalorama St.) II TC II 18000 I 
I 5/26/05 II 5/27/05 I 1 San Bueanventura Beach (San Jon Rd.) I TC II 19000 I 
I 5/26/05 II 5/27/05 I 1 San Buenaventura Beach (Dover Ln.) I TC II 20000 I 
I 5/26/05 II 5/27/05 I 1 San Buenaventura Beach (Weymouth Ln.) I TC I 21000 

5/26/05 5/27/05 1 Marina Park Beach TC 22000 

6/1/05 6/2/05 1 San Buenaventura Beach (San Jon Rd.) TC 19000 

6/23/05 6/24/05 2 South Jetty Beach II TC I 24000 

6/23/05 c:.t.., tror:: ? Surfer's Knoll Beach I TC I 25000 

I 7/6/05 II 7/13/05 II 7 II Rincon Beach (creek mouth) II FC I 1000 

I 7/6/05 I 7/12/05 6 San Buenaventura Beach (San Jon Rd.) I E II 19000 I 
7/19/05 7/26/05 7 Silverstrand Beach (San Nicolas Ave.) I TC & FC I 38000 I 
7/19/05 7/20/05 1 Ormond Beach (Industrial Drain) I TC 43000 I 
7/26/05 7/27/05 1 McGrath State Beach (S. end of McGrath Lake) I E 28000 I 

I 8/2/05 II 8/9/05 101 San Buenaventura Beach (San Jon Rd.) II Ratio 19000 I 
I 8/2/05 II 8/3/05 II .1 II San Buenaventura Beach (Weymouth Ln.) I Ratio & FC I 21000 I 
I 8/2/05 II 8/3/05 ICII South Jetty Beach E II 24000 J 

8/3/05 8/4/05 Cll Hobie Beach FC II 36000 I 
8/9/05 8/10/05 ~I Rincon Beach (creek mouth) I E II 1000 

I 8/16/05 II 8/18/05 1~1 C.I. Harbor Beach Park (Kiddie Beach) II TC II 37000 

I 8/23/05 II 8/24/05 II 1 II Marina Park Beach II E II 22000 

I 8/31/05 II 9/1/05 1~1 Rincon Beach (creek mouth) II TC & FC II 1000 

I 8/31/05 II 9/1/05 II 1 II Rincon Beach (flagpole) II Ratio II 1050 

II II II II II 
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9/7/05 9/14/05 7 San Buenaventura Beach (San Jon Rd.) 

9/7/05 9/8/05 1 C.I. Harbor Beach Park (Kiddie Beach) 

I 9/14/05 I 9/15/05 1 Rincon Beach (creek mouth) 

I 9/22/05 I 9/27/05 5 C.I. Harbor Beach Park (Kiddie Beach) 

9/28/05 10/4/05 6 San Buenaventura Beach (San Jon Rd.) 

10/4/05 10/5/05 II 1 Rincon Beach (creek mouth) 

• 10/4/05 10/6/05 2 C.I. Harbor Beach Park (Kiddie Beac111 

10/5/05 I 10/6/05 I 1 Hable Beach - -

10/17/05 10/20/05 3 C.I. Harbor Beach Park (Kiddie Beach) 

10/17/05 10/25/05 8 ::>1 - -· ~_,,,~) 

10/17/05 10/25/05 0 Silverstrand Beach (Sawtelle Ave.) 

10/18/05 10/26/05 8 Promenade park Beach (California St.) 

10/18/05 10/26/05 8 II Peninsula Beach/Harbor Cove 

10/25/05 10/26/05 1 Ormond Beach (Industrial Drain) 

10/26/05 11/1/05 6 San Buenaventura Beach (San Jon Rd.) 

11/15/05 11/22/05 7 Emma Wood State Beach 

11/15/05 11/22/05 7 C.I. Harbor Beach Park (Kiddie Beach) 

Copyright 2005 County of Ventura, California. All rights reserved. View our disclaimer. 
Comments or questions concerning this page can be e-rnailed to:EHD Web Systems 
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OCEAN WATER QUALITY MONITORING PROGRAM 
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·i;~ji. 

0~~~1.\q~, 

I!l~~- ~R9,ft.F~fl!l 

Log of Beach Postings: January 2006- Present 

Sign Sign 
No. of 

I I 
Indicator(s) Days Beach Name 

Posted Removed 
Posted 

Failed 

01/4/06 01/10/06 7 Surfer's Point- Stables TC & E 

01/4/06 01/10/06 7 Promenade Park - Figueroa Street ' TC & E 

I 
01/4/06 

I 
01/10/06 7 Peninsula Beach - Harbor Cove TC & E 

01/4/06 01/10/06 7 Surfer's Knoll- nr Santa Clara River E 

01/4/06 01/10/06 7 Hollywood Beach - La Crescenta Ave E 

01/4/06 01/10/06 7 Channel Islands Harbor Beach Park - Kiddie E Beach 

01/4/06 01/10/06 7 Silverstran~ _ . '"I""' E -- II 

02/14/06 02/22/06 8 Peninsula Beach - Harbor Cove E 

02/28/06 03/07/06 7 Rincon Beach at Flagpole E 

04/04/06 04/11/06 7 Rincon Beach 25 yds downcoast from creek TC,E 

04/04/06 04/11/06 
I 

7 II Solimar Beach at end of east gate access TC 

04/04/06 04/11/06 
I 

7 Promenade Park at Redwood Apartments TC,E 

04/04/06 04/11/06 10 Promenade Park at California St. TC,E 

04/04/06 04/11/06 10 San Buenaventura Beach at Kalorama St E 

1 04/04/0611 04/11/06 10 
Channel Islands Harbor Beach Park- Kiddie 

TC,FC,E Beach 

I 
04/05/06 

II 
04/12/06 101 McGrath State Beach (N. of Gonzales Rd.) 

II 
TC,FC,E 

I 
04/05/06 

II 
04/12/06 10 McGrath State Beach (End of Gonzales Rd.) 

I 
TC,FC,E 

I 
04/05/06 

II 
04/12/06 101 Hollywood Beach (Los Robles St.) 

II 
E 

I 
04/05/06 

II 
04/12/06 101 Hobie Beach (S. end of Victoria Ave.) 

II 
TC, FC, E 

I 
04/05/06 

II 
04/12/06 101 Silverstrand Beach (SaYJtelle Ave) 

II 
E 

II II II II 
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04/05/06 04/12/06 11 7 Hueneme Beach {SO yds N. of Pier) TC 4 J 
04/05/06 04/12/06 11 7 Ormond Beach (25 yds N. of Industrial Drain) TC, E 43000 

04/05/06 ·II 04/12/06 II 7 II Staircase Beach (bottom of staircase) E 50000 

04/1 8 Surfer's Knoll {1/4 mile up coast of Santa TC, E 25000 ~~ v River) 

04/13/06 4/18/06 
Channel Islands Harbor Beach Park- Kiddie Ratio, FC,E 37000 ;; Beach 

/06 4/19/06 1 Oxnard Beach (End of Outrigger Way) Ratio,FC 30000 

05/04/06 1 05/09/06 1 5 1 Channel Islands Harbor Beach Park - Kiddie 
E 37000 Beach 

5/22/06 5/25/06 2 Rincon Beach (25 yds S. of creek mouth) TC, FC,E, 1000 Ratio 

5/22/06 5/25/06 2 Rincon Beach (at the flagpole) TC, FC,E, 1050 Ratio 

5/22/06 5/25/06 2 Rincon Beach (bottom of footpath) TC, FC,E, 1100 Ratio 

5/~~f 
2 Rincon Parkway, north end E 6000 

5/2 /25/06 2 Solimar Beach at Cypress Tree TC, E 9000 

5/22/06 5/25/06 2 Solimat Beach at end of east gate II_!C, FC,E 10000 

LS/22/06 
= 

5/25/06 2 Surfer's Point at Fairgrounds TC, FC,E 1. 

5/22/06 5/25/06 2 Promenade Park at Figueroa St. TC, FC,E 14000 

5/22/06 5/25/06 2 Promenade Park at Redwood Apartments. E 15000 

5/22/06 5/25/06 ID Promenade Park at Oak St. E 16000 

5/22/06 5/25/06 ID Promenade Park at California St. E 17000 

1 5/22/06 1 5/25/06 2 San Buenaventura Beach at Kalorama St. TC, FC,E, 18000 Ratio 

5/22/06 5/25/06 2 San Buenaventura Beach at San Jon Road. 
TC, FC,E, 19000 

Ra;~f 
H"'" 5/25/06 2 San Buenaventura Beach at Dover Lane 20000 

/22/06 5/25/06 2 San Buenaventura Beach at Weymouth Lane I E II 21000 I 
5/22/06 5/25/06 2 I Marina Park at cement boat II TC,E II 22000 I 
5/22/06 5/25/06 2 

Channel Island Harbor Beach Park (Kiddie 

I 
TC, FC,E I~ Beach) 

5/24/06 5/25/06 1 Peninsula Beach (aka Harbor Cove) TC, FC,E 23000 

/24/06 5/25/06 1 South Jetty (Beach area S of Jetty) TC, FC,E 24000 

5/24/06 I 5/25/06 I 1 Surfer's Knoll (Beach next to parking lot) TC, FC,E 11 25000 

I II I II I 

http://www.ventura.org/envhealth/pr tf~009534 10/19/2006 
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I 5/24/06 II 5/25/06 IL~_JI Port Hueneme Beach Park II TC -II 41000 I 
I 5/24/06 II 5/25/06 18 Ormond Beach (25 yds S. of "J" Street Drain) I TC II 42000 I 
I 5/24/06 II 5/25/06 II 1 I Ormond Beach (50 yds N. of Industrial Drain) I TC II 43000 I 
II 5/24/06 I[ 5/25/06 181 Ormond Beach (End of Arnold Road) II TC II 44000 I 
II 5/31/06 II 6/1/,06 18 San Buenaventura Beach at San Jon Road. TC, FC,E I 19000 I 
I 6/6/06 

II 
6/7/06 18 Emma Wood State Beach E I 11000 I 

I 6/7/06 II 6/8/06 181 Oxnard Beach ParkS. of Starfish Drive II E II 30000 I 
I 6/14/06 II 6/15/06 18 Surfers' Knoll (Beach next to parking lot) I TC 

II 
25000 I 

[6/15/06 11 6/22/06 1 7 
Channel Island Harbor Beach Park (Kiddie 

E 37000 Beach) 

I 6/21/06 11 6/28/06 I 7 Surfers' Knoll (Beach next to park: .. \> ouc; TC 25000 

~~ (K' 8 5 Beach) E 

I 7/6/06 II 7/11/06 I 5 County Line Beach E 49ooo 11 

I 7/12/06 II 7/13/06 II~ Rincon Beach (25 yds S. of creek mouth) E 1000 

I 7/12/06 II 7/13/06 18 Surfers Point at stables E 13000 

7/19/06 7/26/06 7 Peninsula Beach (aka Harbor Cove) Ratio, E 23000 
( \ 
I } 

/ ., ........ , "'"" ~cue~ u-. .. ch (South ..... u 
.~ 

7/19/06 7/26/06 7 t: -.onnn 

Lake) 
~uu •w 

1 7/25/06 11 7/27/06 .I 2 
Channel Island Harbor Beach Park (Kiddie 

Ratio 37000 I Beach) 

I 8/2/06 II 8/9/06 101 Rincon Beach (25 yds S. of creek mouth) 
II 

Ratio, E 
II 

1000 I 

~~ 5 
Channel Island Harbor Beach Park (Kiddie 

I 
E 18 Beach) 

I 8/8/06 II 8/9/06 I 1 Hobie Beach E 3ouvu 

~~ 1 
Promenade Park (S. of drain, end of Oak FC 16000 

Street) 

~~[] Channel Island Harbor Beach Park (Kiddie 
Ratio,TC,FC 8 Beach) 

I 8/15/06 II 8/17/06 ID Sycamore Cove Beach (25 yds S. of creek) Ratio I 47000 I 
I 8/16/06 II 8/17/06 18 Rincon Beach at the flagpole Ratio I 1050 I 
I 8/22/06 II 8/23/06 18 Hobie Beach TC,FC I 36000 I 

8/22/06 8/29/06 [J Channel Island Harbor Beach Park (Kiddie 

I 
TC,FC 18 Beach) 

8/22/06 8/29/06 01 Point Mugu Beach 
II 

Ratio,FC II 45000 I 
I 8/23/06 II 8/24/06 181 Rincon Beach (25 yds S. of creek mouth) II TC II 1000 I 

http://www.ventura.org/envhealth/programs/ A00~~~~3E~ 10/19/2006 
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8/29/06 8/30/06 Dl Deer Creek Beach (25 yds S. of creek) 

8/30/06 8/31/06 11 1 Solimar Beach at the cypress tree 

1 8/31/06 1 9/7/06 8 
Channel Island Harbor Beach Park (Kiddie 

Beach) 

9/6/06 9/7/06 1 Rincon Beach (25 yds s. of creek mouth) 

9/12/06 9/26/06 14 
I Channel Island Harbor Beach Park (Kiddie 

Beach) 

I 9/13/06 II 9/14/06 1. Rincon Beach (bottom .of footpath) 

I 9/13/06 II 9/14/06 1 
~ ~ 

Peninsula Beach (aka Harbor Cove) 

I 9/13/06 II 9/14/06 1 South Jetty (Ventura Harbor Marina) 

I 9/26/06 II 9/27/06 1 Rincon Beach (25 yds S. of creek mouth) 

9/27/06 I 9/28/06 1 Hable Beach 

9/28/06 10/05/06 7 
Channel Island Harbor Beach Park (Kiddie 

Beach) 

10/03/06 10/04/06 II 1 Hable Beach 

110/10/061 
Channel Island Harbor Beach Park (K 

10/12/06 2 Beach) 

10/11/06 10/12/06 1 Rincon Beach (at the flagpole) 

10/11/06 10/12/06 1 Rincon Beach (bottom of footpath) 

10/11/06~0/12/06 1 II (near camp space 20) ,...,,,, ... u, 

10/17/06 -- ~- -- Channel Island Harbor Beach Park (Kiddie 
Beach) 

Copyright 2005 County of Ventura, California. All rights reserved. View our disclaimer. 
Comments or questions concerning this page can be e-mailed to:EHD Web Systems 
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Rincon Beach (25 yards S. of creek mouth) 

A009542 



i 
\ .. 

/ 

Rincon Beach (at the flagpole) 

A0095L~3 



Rincon Beach (Bottom of footpath to beach) 

A00S::;44 



La Conchita Beach (25 yds. S. of drain, Ocean View Rd.) 

A009o45 



Mussel Shoals Beach (South ofpier) 



r'j 
Oil Piers Beach (S. of drain, bottom of staircase) 

! 

A009~4 f 



Hobson Conn tv Park (Base of stairs to beach) 



--~ 

( 
Rincon Parkwav North (By camp space #20) 

A009549 



Faria Countv Park (S. of drain, N end of park) 



Mandos Cove (South of drain) 

.·:> 

A0095o1 



Solimar Beach (S. of drain, base of cypress tree) 

A009552 



Solimar Beach (End of east gate access road) 

A009553 



Emma Wood State Beach (25 yards S. of first drain) 



Seaside Wilderness Park (400yards N. ofVentura River) 

Af2~095o~ 



Surfers' Point at Seaside (End of access path through wooden gate) 

A009556 



Promenade Park (S. of drain, at Figueroa Street) 

A009~57 



Promenade Park (S. of drain, at Redwood Apts.) 



/-----. Promenade Park (S. of drain, end of Oak Street) 

A0~9o~'tj. 



Promenade Park (S. of drain, at Califomia Street) 

A0.095S0 



San Buenaventura Beach (S. of drain, end ofKalorama St.) 

A009~h1 



San Buenaventura Beach (S. of drain, end of San jon Road) 

No Photo 

A009562 



San Buenaventura Beach (S. of drain, end ofDover Lane) 

A009563 



San Buenaventura Beach (S. of drain, end ofWeymouth Ln.) 

A0095o4 



~--, Marina Park (Beach at N. end of playground) 

A009oSb 



Peninsula Beach (aka Harbor Cove, N. ofS. Jetty) 

A0095SS 



South Jettv (Beach areaS. of the jetty) 

( 

A00s::;st 



Surfers' Knoll (Beach next to parking lot, 1/4th mile upcoast from Santa Clara River) 

Pe0€~S568 



McGrath State Beach (N. of Gonzales Rd.) 

A0095b9 



McGrath State Beach (end of Gonzales Road) 



/"""', McGrath State Beach (S. end McGrath Lake) 

( 

A€1095 r1 



Oxnard Beach (S. of 5111 Street drain) 

A009572 



-------· Oxnard Beach (S. of Channel Way drain) 

A008t)73 



Oxnard Beach (S. of drain, end of Outrigger Way) 

A009574 



Oxnard Beach (S. of drain, end of Amalfi Way) 

A009575 



Oxnard Beach Park (S. of drain, Falkirk Ave.) 

F-- ..... ------- -- - -.. 

~~'····. 

~·' ;'""' 



Oxnard Beach Park (S. of drain, Starfish Dr.) 

A009577 



Hollywood Beach (La Crescenta St.) 

A00957A 



-~,, Hollvwood Beach (Los Robles St.) 



Robie Beach (At the S. end of Victoria Ave.) 



/ 
\ 

C. I. Harbor Beach Park (aka Kiddie Beach, at the S. end of Victoria Ave.) 

A0095S1 



Silverstrand (S. of jetty, end of San Nicolas Ave.) 



Silverstrand (S. of drain, end of Santa Paula Ave.) 

/ 

( 
\ 



Silverstrand (S. of drain, end of Sawtelle Ave.) 

A009584 



Port Hueneme Beach Park (50 yds N. of pier) 
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Heal The Bay does not have Weeldy Report Card - Grade Maps for the following 
Ventura County Environmental Health Division sampling sites for bacteria: 

1) Promenade Park (S. ofdrain, at Figueroa Street); 

2) Promenade Park (S. of drain, at California Street); and 

3) Promenade Park (S. of drain, end of Oak Street). 
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SWAMP Stream Habitat Characterization Form FULL VERSION Original Issue Date: March 1, 2007 

Site Code: 
Date: I I 

------ ---_--- --- ------~---- --- ---1 
SLOPE and BEARING FORM (transect based - for Full PHAB only) 

CL-clionometer OT-other 
TR=autolevel MAIN SEGMENT SUPPLEMENTAL SEGMENT 
HL=handlevel 

Slope(%) or Segment Bearing Prop or-
Slope(%) or Segment Bearing 

Propor-Transect Method Elevation Length Elevation Length (0°-359° 
Difference (em) (m) (0°-359°) tion (%) Difference (em) (m) C) tion (%) 

K-J 
CL TR % % 

HL OT em em 

J-1 
CL TR % % 

HL OT em em 

1-H 
CL TR % % 

HL OT em em 

H-G 
CL TR % % 

HL OT em em 

G-F 
CL TR % % 

HL OT em em 

F-E 
CL TR % % 

HL OT em em 

E-D 
CL TR % % 

HL OT em em 

D-C 
CL TR % % 

HL OT em em 

C-8 
CL TR % % 

HL OT em em 

B~A 
CL TR % % 

HL OT em em 

REACH SLOPE (BASIC version only, use as many.segments ~s needed) _Ml!;THOD I CL I HL I TR I HL I 
SEGMENTl SEGMENT2 SEGMEN,T3 SEGMENT4 SEGMENTS SEGMENT6 

Slope (%) or Elevation Slope (%) or Elevation Slope(%) or Elevation Slope(%) or Elevation Slope (%) or Elevation Slope (%) or Elevation 
Difference (em) Difference (em) Difference (em) Difference (em) Difference (em) Difference (em) 

% % % % % % 

em em em em em em 

ADI>ITIONAL H~IrATCHARACTERIZATION 

:.:;.··_ ,,·;:~~~;~~~~~~---
·. :-::, ~· :;r: ~~, ·, , -:_,;:· -- : :b~trJ;~~~-;·::;~;~;,~~:0 -c.•"i")i:.~"_·:;s~bi, __ .;,-~'.i;;c;~~l~,i·\j~_'{;:' -l:~i::i:::.<-;):gm;~f:~~~i--;:;;£;,;;,:.~~i- 1.~\::',.·\,i·.·: .• k.::ri·~~f'ij[, .. ;.-~-;;·y:,: ,,_ -~< .. :.:;:.~r; :-_:,.~~ .. ;'\(L;-:)_ci--.-.t~.:- "''- •.·,•:•,,·-c•j!cc~ ";,;;:c.::.-;;<;l\-'~ "td • ;.;,;~-~~-f;:;;''~!.:>cc,,;;:;, 

Greater than 70% of substrate 
favorable for epifaunal 40-70% mix of stable habitat (30- 20-40% mix of stable habitat (1 0- Less than 20% stable habitat 

Epifaunal Substrate/ colonization and fish cover (50% 50% for low-gradient streams); 30% in low-gradient streams); (10% in low-gradient streams); 

Cover for low-gradient streams); mix of well-suited for full colonization substrate frequently disturbed or Jack ofhabitat is obvious; 
submerged Jogs, w1dercut banks, potential removed substrate w1stable or Jacking 

cobble or other stable habitat 

·. _ .. _. ·_ > ': "·· . s~~~#:. \',:.( ' :-: . 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 I 0 
Little or no enlargement of islands Some new increase in bar 

Moderate deposition of new gravel, 
Heavy deposits of fine material, 

or point bars and Jess than 5% of fommtion, mostly from gravel, increased bar development; more 
Sediment Deposition the bottom affected by sedin1ent sand, or fine sediment; 5-30% of 

sand, or fine sediment on bars; 30-
than 50% of the bottom changing 

deposition (>20% in low-gradient the bottom affected (20-50% in 
50% of the bottom affected (50-

frequently (>80% in low-gradient 
streams) low-gradient streams) 

80% in low-gradient streams) 
streams) 

~L> ·s~Q~e:: '.:'·:· :-,. 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 ,,,,. 

Some channelization present, (e.g., 
Channelization may be extensive: Banks shored with gabion ' 

Channelization or dredging absent bridge abutments); evidence of past cement; Over 80% of the st 
Channel Alteration or minimal; stream with normal channelization (> 20yrs) may be 

embankments or shoring structures 
reach channelized and disrup. 

present on both banks; 40 to 80% of pattern present but recent 
stream reach disrupted Instream habitat greatly altered or 

channelization not present removed entirely . (;: .. • s ., ~ . -_ . core •. , :_• .. . · 20 19 18 17 16 15 14 13 12 II 10 9 8 7 6 5 4 3 2 I 0 
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SWAMP Stream Habitat Characterization Form FULL VERSION Original Issue Date: March 1, 2007 

Site Code: I 
Wetted Width (m): Bankfull Width (m): Bankfull Height: Transect: 

TRANSECT SUBSTRATES 
0 =Not Present CH- Within Channel B =On Bank 

HUMAN 
INFLUENCE 

C =Between Bank and I 0 m from Channel P =>I 0 m and <50 m of Channel 

Position 

LBank·• p A 

LeftCtr· p A 

Center p A 

p A 

p A 

BANK STABILITY 5rn up and 5rn downstream of 
transect and from bankfull to wetted width 

eroded vulnerable stable 

eroded vulnerable stable 

RIPARIAN 
VEGETATION 
(downstream) 

0 =Absent (0%) 3 =Heavy (40-75%) 
1 =Sparse (<10%) 4 =Very Heavy>75%) 

2 =Moderate (10-40%) circle one 

Upper Canopy (>5 m high) 

0 2 3 4 0 1 2 3 4 

Lower Canopy (0.5 m-5 m high) 

0 

Ground Cover (<0.5 m high) 

0 1 2 3 4 0 

0 

Inter-transect: 
not needed for last transect 

2 3 4 0 

0 

indicate upper/ 
lower transects 

2 3 4 

2 3 4 

2 3 4 

2 3 4 

B C p CH 
0 B C p CH 
0 B C p 

0 B 

0 B 

0 B 

0 B 

0 B 

0 B 

0 B 

0 B 

B 

B 

B 

IN STREAM 

HABITAT 
COMPLE:Y..!TY 

c p CH 
c p CH 

c p CH 

c p 

c p 

c p 

c p 

c p 

c p 

c p 

c p 

0 =Absent (0%) 
I =Sparse (<10%) 
2 =Moderate (10-40%) 
3 =Heavy (40-75%) 
4 =Very Heavy (>75%) 

0 2 3 4 

0 2 3 4 

0 2 3 4 

0 2 3 4 

0 2 3 4 

0 2 3 4 

0 2 3 4 

0 2 3 4 

0 2 3 4 

FLOW HABITATS 
(%between transects, T=100%) 

INTER-TRANSECT SUBSTRATES 
(measure :in mm or use size classes) 

SUBSTRATE SIZE 
CLASS CODES 

I---C_h_a_n_n_e_I_T_yp_e __ +-_0_Yo_+_P_o_s_it_io_n_(0_Yo_)-!_m_m.::C0:::1;:::::s~::..iz_e-+-D-ep_t_h_(c_m_)--+-C-P_O_M--I RS =bedrock smooth (>car) 

Cascade/ Fall 1 Bank P A RR =bedrock rough (>car) 
1----------+---+--------l------+------+----1 RC =concrete/asphalt 

Rapid LeftCtr p A XB =large boulder (1-4m) 
1-----=------+---+--------!---___:--+------+----1 SB = sml blder (.25m-1m) 

Riffle Center P A CB =cobble (64-250 mm) 
1----------'-+---+--------l------+------+----1 GC =coarse gravel (16-64 mm) 

Run RightCtr P A GF = fine gravel (2-16 mm) 
---. -G-li-.d-e----1---1--_:::_---+------1-----+---l SA= sand (0.06-2 mm) 

R Bank P A FN =fines (<0.06 mm) 
----P-oo-1----+--+--N-ot_e_: S-u-b-stra-te"-s-iz-es_c_an_b_e -re..!co_r_d-ed-.e-it_h_er_a_s .J.di-re-ct---1 HP =hardpan (consol fines) 

WD=wood 
1----------+----1 measures of the median axis of each particle or one of the size OT =other 

Dry classes listed to right 

A0DiSt11 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 
0 

B C P 

B C P 

B C P 

B c p 

B c p 

B c p 

B c p 

B c p 

B c p 

B c p 

B c p 

B c p 
B c p 

B c p 

DENSIOMETER 
READINGS (0-17) 
couni covered- dots 

CPOM/ COBBLE 
EMBEDDED NESS 

CPOM: Record 
presence (P)/ absence 
(A) of coarse particulate 
organic matter(> 1.0 
mm) within 1 em of each 
particle. 

Cobble 
Embeddedness: visually 
estimate % embedded by 
fine particles (record to 
nearest 5%) 



SWAMP Stream Habitat Characterization Form FULL VERSION Original Issue Date: March 1, 2007 

Site Code: 
Date: I I 

.JiteMap: 

Field Notes/ Comments: 
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SWAMP SG 
GUIDANCE 

SWAMP GUIDANCE FOR MACROINVERTEBRATE FIELD PROTOCOLS 
FOR WADEABLE STREAMS 
Background: The SWAMP Bioassessment Committee met in December, 2004, and agreed 

that the SWAMP Quality Assurance Management Plan (QAMP) should be amended to provide 

greater consistency in bioassessment sampling protocols for wadeable streams. The Committee's 

recommendations were reviewed and accepted by the full SWAMP Roundtable1 in February, 2005 

(some of the key considerations are contained in Appendix A). 

The current guidance for macroinvertebrate sampling under the SWAMP program is as follows: 

1. For ambient bioassessment monitoring of wadeable streams in California, two methods are to be 

used at sites with riffle habitats (i.e., one "multihabitat" sample, and one sample that targets the 

"richest" habitat): 

• For sites with sufficient riffle habitat, the two samples shall be: (1) the reachwide benthos (RWB) method 

(also known as ''multihabitat" sampling.); and (2) the targeted-riffle composite (TRC) method. 

• For low-gradient sites that do not have sufficient riffle habitat, the RWB method is the standard method, 

but we also recommend the option of collecting a sample with (2) the "Margin-Center-Margin" (MCM) 

method until ongoing methods comparisons are completed (see Appendix A). 

• Notes: (1) The protocols for each method are provided in this document; (2) Other appropriate method(s) 

will be allowed ifthe specific monitoring objectives require use of alternative method(s). (See Item #2, 

below.); (3) The protocol recommendations specified above will be reevaluated as results become 

available from ongoing methods comparison studies. (See Appendix A for more information.) 

2. The SWAMP QAMP allows flexibility in sampling methods so that the most appropriate method(s) may 

be used to address hypothesis tests and project-specific objectives that differ from program objectives. 

Such situations may include, but are not necessarily limited to, special studies (e.g., evaluation of 

point source discharges, above/below comparisons where statistical replication is needed), stressor 

identification investigations, and long-term monitoring projects where consistent data comparability 

is desired and an alternative method is needed to achieve that comparability. In addition, in some rare 

cases where funding limitations would make it cost-prohibitive to complete a project in compliance with 

the protocols listed in #1, above, the project proponent may requestto complete laboratory analysis of 

only one sample, and "archive" one ofthe macroinvertebrate samples (i.e., the RWB 'sample in streams 

with riffles) to reduce lab costs. Deviations from the protocols specified in #1 above may be granted by 

the SWAMP Bioassessment Coordinator or the full SWAMP Roundtable. 

1. The SWAMP Roundtable is the coordinating entity for the program. Participants include staff from the State and Regional Water Boards, 
USEPA, the Department of Fish and Game, the Marine Pollution Studies Laboratory, Moss Landing Marine Laboratories, contractors, and 
other interested entities. 
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SEGTI DN I 
INTRDDUCTIDN 

This document describes two standard procedures (TRC and RWB) for sampling benthic 
niacroinvertebrate (BMI) assemblages for ambient bioassessments. This document also 
contains procedures for measuring instream and riparian habitats and ambient water chemistry 
associated with BMI samples. These sampling methods replace previous bioassessment 
protocols referred to as the California Stream Bioassessment Procedure (CSBP, Harrington 
1995, 1999, 2002). 

These procedures can produce quantitative and repeatable measures of a stream's physical/habitat condition 

and benthic invertebrate assemblages, but they require field training and implementation of QA measures 

throughout the field season. 

The sampling layout described here provides a framework for systematically collecting a variety of physical, 

chemical, and biological data. The biological sampling methods are designed to nest within the overall 

framework for assessing the biotic, physical, and chemical condition of a reach. The layout used in these 

procedures and most of the physical habitat methods are close modifications of those used in EPXs EMAP 

and developed by EPNs ORD (Peck et al. 2004). Data collected using this methodology are generally directly 

comparable to equivalent EMAP data, except for the difference in reach length. Other exceptions are noted 

in the text. 

The following steps are presented in an order suggested for efficient data collection. The specific order of 

collection for the physical parameters may be modified according to preferences of field crews, with the 

caveat that care must always be taken to not disturb the substrates within the streambed before BMI 

samples are collected. 

PHYSICAL HABITAT METHODS 

The physical habitat scoring methods described here can be used as a stand-alone evaluation or used in 

conjunction with a bioassessment sampling event. However, measurements of instream and riparian habitat 

and ambient water chemistry are essential to interpretation of bioassessment data and should always accompany 

bioassessment samples. This information can be used to classify stream reaches, associate physical and 

chemical condition with biotic condition, and explain patterns in the biological data. 

A~0971~J 



Because bioassessment samples can be collected to answer a variety of questions, this document describes 

the component measures of instream and riparian habitat as independent modules. Although individual 

modules can be added or subtracted from the procedure to reflect specific project objectives, a standard 

set of modules will normally accompany bioassessment samples. This document describes two standard 

groupings of modules that represent two different levels of intensity for characterizing the chemical and 

physical habitat data (Table 1). The BASIC physical habitat characterization represents a minimum amount 

of physical and chemical data that should be taken along with any ambient BMI sample, the FULL physical 

habitat characterization represents the suite of data that should be collected with most professional level 

bioassessment samples (e.g., SWAMP regional monitoring programs). In addition to these data, we also 

briefly introduce additional data modules (e.g., excess sediment, periphytGn) that can be collected as 

supplements to the full set (OPTIONAL). Table 1 lists the physical and chemical variables that should 

be measured under the different levels. 

Note: SWAMP intends to develop guidance for selecting appropriate physical habitat modules to the intended 

uses of data. Until this guidance is available, users of these protocols should consu!ty.Jith representatives of 

the Regional Water Quality Control Boards (Regional Boards) or the SWAMP Bioassessment Coordinator when 

selecting modules. 

FIElD CREW SIZE AND TIME ESTIMATES 

These methods are designed to be completed by either two or three (or more) person field crews. A very 

experienced field crew can expect to complete the full suite of physical habitat measurements and the two 

BMI sampling protocols in approximately two hours. Less experienced crews will probably take closer to 

three or four hours to complete the work depending on the complexity of the reach. Note that this estimate 

includes only time at the site, not travel time between sites. 

Equipment and Supplies 
Recommended equipment and supplies are listed in Table 2. 

A0097~0 



' , " . _ . · SWAMPBioassessmentRrocedulies, Drigina11ssue.Date::Eebruary'2007 

REACH DELINEATION Layout reach and mark Use 150-m reach length 
and WATER QUALITY transects, record GPS X X if wetted width s1 0 m; 

coordinates Use 250-m reach length 
[Conducted before entering if wetted width> 10m 
stream to sample BMis 
or conduct any habitat Temperature, pH, specific X X Multi-meter (e.g., YSI, 
surveys] conductance, DO, alkalinity Hydrolab, VWR Symphony) 

Turbidity, Silica X Use test kit or meter 

Notable field conditions X X Recent rainfall, fire events, dominant 
locallanduse 

CROSS-SECTIONAL Wetted width X Stadia rod is useful here 
TRANSECTS 

Record proportion of habitat classes in Flow habitat delineation X X each inter-transect zone 

BASIC Measurements at Depth and Pebble Count+ X 5 -point substrate size, depth and CPOM 
main ·11 transects only CPOM records at all 21 transects 

FULL Measurements at 11 All cobble-sized particles in pebble 

main transects (A, 8, C, Cobble embeddedness X count. Supplement with "random walk" 

D, E, F, G, H, I, J, K) or21. if needed for 25 

transects (11 main plus Average slope calculated from 
10 inter-transects) for 10 transect to transect slope 
substrate size classes only Slope(%) X measurements. Use autolevel 

for slopes s 1 %; clinometer is OK 
for steeper gradients 

Sinuosity· X Record compass readings between 
transect centers 

Four densiometer readings at center 
Canopy cover X X of channel (facing L bank R bank, 

u am +Downstream) 

Riparian Vegetation X 

lnstream Habitat X 

Eroding I Vulnerable I Stable 



DISCHARGE TRANSECT 

REACH SCALE MEASURE-
MENTS: 

FOOD RESOURCE 
QUANTIFICATION 

• GPS receiver 
• topographic maps 
• measuring tape (150-m) 

Discharge measurements X 

EPA-RBP visual scoring of .,. 
habitat features 

Selected RBP visuals: X 

Slope (%,not degrees) X 

Periphyton (3 replicates) 

CPOM &FPOM 
(3 replicates) 

• D-frame kick net (fitted with 500-IJ 
mesh bag) 

• standard# 35 sieve (500-IJ mesh) 
• small metric ruler or gravelometer 

for substrate measurements 
• wide-mouth 500-ml or 1000 ml 

plastic jars 

X 

X 

X 

• digital watch, random number table • white sorting pan (enamel or plastic) 
or ten-sided die 

• stadia rod 
• clinometer 
• autolevel (for slopes< 1 %) 
• handlevel (optional) 
• current velocity meter 
• stopwatch for velocity measurements 
• convex spherical densitometer 
• flags/ flagging tape 
• rangefinder 

• 95% EtOH 
• fine tipped forceps or soft forceps 
• waterproof paper and tape for 

attaching labels 
•10-20-L plastic bucket for sample 

elutriation 
• preprinted waterproof labels (e.g., 

Rite-in-the-Rain™) 
• disposable gloves/ elbow length 

insulated gloves 
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Velocity-Area Method or Neutrally 
Bu ect Method 

Channel alteration, sediment deposition, 
epifaunal substrate (redundant if doing 

EPA-RBP scoring) 

Single measurement for entire 
reach only for BASIC. Use autolevel 
for slopes s 1%, clinometer is OK 

for her gradients 

Upstream (A, F, K) Downstream (F) 

Qualitative characterization of diatom 
growth and filamentous algal growth, 

quantification of biomass (AFDM, chi-a) 

CPOM field measure of wet mass 
> 1 mm particles, FPO M as 0.25 -1 mm 

fraction (AFDM in lab) 

• sampling SOP (this document) 
• hip or chest waders, or wading 

boots/shoes 
• field forms printed on waterproof 

paper (e.g., Rite-in-the-Rain™) 
• clip board and pencils 
• digital camera 
• centigrade thermometer 
• pH meter 
• DO meter 
• conductivity meter 
• field alkalinity meter 
• water chemistry containers 
• calibration standards 
• spare batteries for meters 
• first aid kit 
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SECTIDN 2 
REACH DEUNEATIDN AND WATER DUALITY 

REACH LAYOUT AND GENERAl DOCUMENTATION 
The systematic positioning oftransects is essential to collecting representative samples and to 
the objective quantification of physical habitat measures. The standard sampling layout consi_sts 
of a 150-m reach (length measured along the bank) divided into 11 equidistant transects that 
are arranged perpendicular to the direction of flow (Figure l, Figure 2}. Ten additional transects 
(designated "inter-transects") located between the main transects give a total of 21 transects per 

reach. Main transects are designated A through K while inter-transects are designated by-their 
nearest upstream and downstream transects (e.g., AB, BC, etc.). In extreme circumstances, reach 

length can be shorter than 150m (e.g., if upstream and downstream barriers preclude a 150-m 
reach), but this should be avoided whenever possible. If the actual reach length is other than 150 
m or 250m this should be noted and explained on the field forms. 

Ndte 1: The standard reach length differs from that used in the EMAP design, in which reach length was 

defined as 40x stream width, with a minimum reach length of 150 m. The EMAP reach length approach is 

used to ensure that enough habitat is sampled to support accurate fish assemblage estimates and relatively 

precise characterization of channel characteristics (e.g., residual pool volumes and woody debris estimates;

which that are critical for relative bed stability estimates). Programs wishing to sample fish assemblages or 

produce relative bed stability estimates should strongly consider adopting the EMAP guidance for setting 

reach length. 

Note 2: Streams > 10m wetted width should use a reach length of 250m. Some very large streams (i.e., 

> 20-m wetted width) may not be adequately represented even by a 250-m reach. In these cases, field crews 

should define a reach length that is representative of the larger stream segment being studied (i.e., attempt to 

include two to three meander cycles, or four to six riffle-pool sequences when possible). 

Note 3: When the exact reach location is not restricted by the sampling design, attempt to position reaches 

upstream of bridges to avoid this influence. 

Step 1. Upon arrival at the sampling site, fill out the reach documentation section of the field forms (site and 

project identification, stream and watershed name, crew members, and date/time). If known at the time of 

sampling, record the Site Code following SWAMP site code formats. Determine the geographic coordinates of 

the downstream end of the reach (preferably in decimal degrees to at least four decimal places) with a GPS 

receiver and record the datum setting of the unit (preferably NAD83/ WGS84). 
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Figure 1. Reach layout geometry for physical habitat and biological sampling showing positions of 11 main transects (A- K) and the 10 supplemental 
inter-transects (AB- JK). The area highlighted in the figure is expanded in Figure 2. Note: reach length = 150m for streams s 10-m average wetted 
width, and reach length = 250 m for streams > 10-m average wetted width. 

Step 2. Once a site has been identified, make an initial survey of the reach froni the stream banks (being 

sure to not disturb the instream habitat). If TRC samples will be collected, identify all riffle habitats suitable 

for sampling (see Section IIIa for suitable habitat types) and note their positions so that a subset can be 

identified for sampling. 

Step 3. Determine if the average wetted width is greater or less than 10 m. If the average wetted width s 10 

m, use a 150-m reach length. If the average wetted width > 10m, use a 250-m reach length. 
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Step 4. Starting at one end of the reach, establish the position of the ll main transects (labeled A-K from 

downstream to upstream) by measuring 15 m (25 m for streams > 10 m wetted width) along the bank 

from the previous transect. The 10 inter-transects should be established equidistant from the adjacent main 

transects (i.e., 7.5 m from main transects for 150-m reaches, 12.5 m for 250-m reaches). Since the data 

collection will start at the downstream end, is often easiest to establish transects starting·fromthe upstream 

end. For easy setup and breakdown, mark the main transects with easily removable markers (e.g., large 

washers tied with strips of flagging, surveyor's flags). 

Note 1: While it is usually easiest to establish transect positions from the banks (this also reduces disturbance 

to the stream channel), this can result in uneven spacing of transects in complex stream reaches. To avoid 

this, estimate transect positions by projecting from the mid-channel to the banks. 

Note 2: Flagging of a single bank is recommended to reduce misrakes caused by missed markers. 

Step 5. Measure and record common ambient water chemistry measurements (pH, DO, specific conductance, 

alkalinity, water temperature) at the downstream end of the reach (near same location as the GPS coordinates 

were taken). These are typically taken with a handheld water quality meter (e.g., YSI, Hydrolab), but field 

test kits (e.g., Hach) can provide acceptable information if they are properly calibrated. For appropriate 

calibration methods and calibration frequency, consult the current SWAMP QAMP (Appendix F), or follow 

manufacturer's guidelines. 

Note 1: It characteristi~s of the site prohibit downstream entry, measurements may be taken at other points in 

the reach. In all cases, ambient chemistry measurements should be taken at the beginning of the reach survey. 

Note 2: Alkalinity test kits may not perform well in low ionic strength waters. Programs should consider 

collecting lab samples for these sites (see SWAMP QAMP for guidance on collecting water chemistry samples). 

Step 6. Take a minimum of four (4) photographs of the reach at the following locations: a) Transect A 

facing upstream, b) Transect F facing upstream, c) Transect F facing downstream, and d) Transect K facing 

downstream. It may also be desirable to take a photograph at Transect A facing downstream and Transect K 

facing upstream to document conditions immediately adjacent to the reach. Digital photographs should be 

used when possible. Record the image numbers on the fron~ page of the field form . 

. Note 1: When possible, photograph names should follow SWAMP coding conventions ("StationCode_yyyy_ 

mm_dd~uniquecode"). The unique code should include one of the following codes to indicate direction: RB 

(right bank), LB (left bank), BE (both banks), US (upstream), DS (downstream). SWAMP suggests using 

unique codes created by the camera to facilitate file organization. Example: 603WQLB02_2004_03_20_ 

RBDS1253. 
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Step 7. Record the dominant land use and land cover in the area surrounding the reach 

(evaluate land cover within 50 m of either side of the stream reach). 

Step 8. At the bottom of the form, record evidence of recent flooding, fire, or other disturbances 

that might influence bioassessment samples. Especially note if flow conditions have been affected 

by recent rainfall, which can cause significant under-sampling of BMI diversity (see note in the 

following section). If you are unaware of recent fire or rainfall events, select the "no" option 

on the forms. 
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SECTIDN 3 
COllECT BENTHIC MACRDINVERTEBRATES 

MUlTIPlE HABITAT AND TARGETED RIFFLE PROTOCOlS 
Note 1: BMI samples intended for ambient bioassessments are generally collected when streams 

are at or near base flow (i.e., not influenced by surface runoff) as sudden flow increases can 

dramatically alter local community composition. 

Note 2: Guidance for choosing among TRC sampling, RWB sampling or both will be provided in a 

separate document (see Appendix A for current guidance for sampling under SWAMP). 

Once the reach transects have been laid out, the biological samples (BMis and algae if included) should be 

collected before any other physical habitat measures so that substrates are not disturbed prior to sampling. 

Both TRC and RWB methods use 500-].l mesh D-frame nets (see list of BMI sampling equipment in Table 2). 

The two samples can. be collected at the same time by carrying two D-nets and compositing the material 

from the two samples in their respective nets. If a two person field crew is responsible for both the· 

physical habitat data and benthic invertebrate samples, it is generally best to collect the benthos at each 

transect, then immediately record the physical habitat data before moving to the next transect Obviously, 

this requires especially careful handling of the D-nets during the course of sampling to avoid loss or 

contamination of the samples. It can be helpful to clearly label the two D nets as RWB and TRC. Larger 

field crews may choose to split the sampling between biological team and a physical habitat team and have 

the biological team go through the reach first. The positions of the TRC and RWB subsampling locations 

are illustrated in Figure 2. 

SECTION Ill A. TARGETED RIFflE COMPOSITE PROCEDURE 

The TRC method is designed for sampling BMis in wadeable streams that contain fast-water (riffle/run) 

habitats and is not appropriate for waterbodies without fastwater habitats. The RWB protocol should be 

used in these situations. Riffles are often used for collecting biological samples (e.g., the old CSBP methods) 

bec_ause they often have the highest BMI diversity in wadeable streams. This method expands the 

definition to include other fast water habitats, however care should be taken when attempting to 

apply this method in low gradient streams. 

Note: Since all streams (even low gradient streams) have variation in flow habitats within'the channel, this 

guidance should not be interpreted as including areas within low gradient streams that are only marginally 

faster than the surrounding habitats. The RWB protocol should be applied in these situations. 
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The TRC was developed by the Western Center for Monitoring and Assessment of Freshwater Ecosystems 

(www.cnr.usu.edujwmc) in Logan, Utah (Hawkins et al. 2003) and slightly modified by the EPA program 

(Peck et al. 2004). The TRC has been widely.used in California (US Forest Service (USFS), the EMAP Western 

Pilot, and the California Monitoring and Assessment Program (CMAP)), and in the interest of methodological 

consistency between state and federal water resource agencies, has been adopted as the standard riffle 

protocol for bioassessment in California. The version described here is the EMAP modification, which 

distributes the sampling effort throughout the reach. 

Sampling locations -Acceptable Habitat Types 
Riffles are the preferred habitat for TRC sampling, but other fast water habitats are acceptable for sampling 

if riffles are sparse. Common flow-defined habitat types are listed in Table 3 in decreasing order of energy. 

Most streams contain some or all of the following fast water habitat types: 1) cascades/falls, 2) rapids, 3) 

riffles, 4) runs. All of these are acceptable for TRC sampling if riffles are not available. 

Note: Because the common habitat types are arranged on a continuum between high to low energy 

environments, the categories grade into each other continuously and are not discrete. Thus, determination 

of habitat types requires somewhat subjective decision-making. 

Rapids 

Riffles 

Step-Runs 

Runs 

Glides 

Pools 

Sections of stream with swiftly flowing water and considerable surface turbulence. Rapids tend to have 
·larger substrate sizes than riffles 

Shallow sections where the water flows over coarse stream bed particles that create mild to moderate 
surface turbulence;(< 0.5 m deep,> 0.3 m/s) 

A series of runs that are separated by short riffles or flow obstructions that cause discontinuous breaks in slope 

Long, relatively straight, low-gradient sections without flow obstructions. The stream bed is typically 
even and the water flows faster than it does in a pool; (> 0.5 m deep,> 0.3 m/s) 

A section of stream with little or no 

A reach of stream that is characterized by deep, low-velocity water and a smooth surface; 
(> 0.5 m deep,< 0.3 m/s) 
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Figure 2. Section of the standard reach expanded from Figure 1 showing the appropriate positions for collecting benthic macroinvertebrate samples, 
instream and riparian habitat measurements and flow habitat proportion measurements. 

Sampling locations- Selecting Habitat Units 
A TRC sample is a composite of eight individual kick samples of 1 ft2 (0.09 m2

) of substrate each. During 

your initial layout of the reach, take a mental note of the number and position of the main riffles in a reach 

(and other fast water habitats if needed). Randomly distribute the eight sub-samples among the fast water 

habitats in the reach, giving preference to riffles where possible. Unless you are sampling in small streams, 

try to avoid very small riffle units (i.e., < 5 ft2). If fewer than eight riffles are present in a reach, more than 

one sample may be taken from a single riffle, especially if the riffles are large. 

Sampling Procedure / 
Begin sampling at the downstream end of the reach at the first randomly selected riffle and work your 

way upstream. 
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TRC-Step 1. Determine net placement within each habitat unit by generating a pair of random numbers 

between 0 and 9. Examples of convenient random number generators include the hundredths place on 

the stopwatch feature of a digital watch, a 10 sided die and a random number chart. The first number 

in each pair (multiplied by 10) represents the percent upstream along the habitat unit's length. The second 

number in each pair represents the percent of the riffle width from right bank. For example, if the two 

generated random numbers are 4 and 7, you will walk upstream 40% of the distance of the riffle and then 

go 70% of the distance across the riffle (see Figure 3). This position is the center of the 1 ft 2 (0.09 m2
) 

sampling quadrat for that riffle. If you are unable to sample this location because it is too deep or it is 

occupied by a large boulder, select a new pair of random numbers and pick a new spot. 

TRC-Step 2. Position a 500-)1 D-net (with the net opening perpendicular to the flow and facing upstream) 

quickly and securely on the stream bottom to eliminate gaps under the frame. Avoid, and if necessary 

remove, large rocks that prevent the sampler from seating properly on the stream bottom. 

TRC-Step 3. Holding the net in position on the substrate, visually define a square quadrat that is one net 

width wide and one net width long upstream of the net opening. Since D-nets are 12 inches wide, the area 

within this quadrat is lft2 (0.09 m2). Restrict your sampling to within that area. If desired, a wire frame of 

the correct dimensions can be placed in front of the net to help delineate the quadrat to be sampled, but it is 

often sufficient to use the net dimensions. to keep the sampling area consistent. 

TRC-Step 4. Working backward from the upstream edge of the sampling plot, check the quadrat for heavy 

organisms such as mussels, snails, and stone-cased caddisflies. Remove these organisms from the substrat 

by hand and place them into the net. Carefully pick up and rub stones directly in front of the net to remove 

attached animals. Remove and clean all of the rocks larger than a golf ball ( rv 3 em) within your sampling 

quadrat such that all the organisms attached to them are washed downstream into your net. Set these rocks 

outside your sampling quadrat after you have cleaned them. If the substrate is consolidated or comprised 

of large, heavy rocks, use your feet to kick and dislodge the substrate to displace BMis into the net. If you 

cannot remove a rock from the stream bottom, rub it (concentrating on cracks or indentations) thereby 

loosening any attached insects. As you are disturbing the plot, let the water current carry all loosened 

material into the net. 

Note 1: Brushes are sometimes used in other bioassessment protocols to help loosen organisms, but in the 

interest of standardizing collections, do not use a brush when following this protocol. 

Note 2: In sandy-bottomed streams, kicking within run habitats can quickly fill the sampling net with sand. 

In these situations, follow the stand(Lrd procedures but use care to disturb the substrate gently and avoid kicking. 

TRC-Step 5. Once the coarser substrates have been removed from the quadrat, dig your fingers through the 

remaining underlying material to a depth of about 10 em (this material is often comprised of gravels and 

finer particles). Thoroughly manipulate the substrates in the quadrat.. 
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Note: The sampler may spend as much time as necessary to inspect and clean larger substrates, but should 

take a standard time of 30 seconds to perform Step 5. 

TRC-Step 6. Let the water run clear of any insects or organic material before carefully lifting the net. 

Immerse the net in the stream several times to remove fine sediments and to concentrate organisms at the 

end of the net, but be careful to avoid having any water or foreign material enter the mouth of the net 

during this operation. 

TRC-Step 7. Move upstream to the next randomly selected habitat unit and repeat steps one through six, 

taking care to keep the net wet but uncontaminated by foreign material when moving the net from riffle to 

riffle. Sometimes, the net will become so full of material from the streambed that it is no longer effective at 

capturing BMis. In these cases, the net should be emptied into sample jars as frequently as necessary, 

following guidelines described below in the "Preparation of BMI Sample Jars" section. Continue until 

you have sampled eight lft2 (0.09 m2
) of benthos. 

TRC-Step 8. PROCEED to Section IIIc. Filling and Labeling BMI Sample Jars. 

right bank 

SECTION Ill B. REACHWIDE BENTHOS 
(MUlTIHABHAT) PROCEDURE 

The RWB procedure employs an objective method for 

selecting subsampling locations that is built upon the 11 

transects used for physical habitat measurements. The 

RWB procedure can be used to sample any wadeable 

stream reach since it does not target specific habitats. 

Because sampling locations are defined by the transect 

layout, the position of individual sub-samples may fall in 

a variety of erosional or depositional habitats. 

Note: Sampling locations should be displaced one meter 

lett bank downstream of the transects to avoid disturbing substrates 

for subsequent physical habitat assessments. 

Figure 3. Example showing the method for selecting a subsampling 
position within a selected riffle under the TRC method. In this 
';._xample, th~ random numbers 4 and 7 were selected 

RWB -Step 1. The sampling position within each transect 

is alternated between the left,. center and right positions 

along a transect (25%, 50% and 75% of wetted width, 

respectively) as you move upstream from transect to 

transect. Starting with the downstream transect (Transect 
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A), identify a point that is 25% of the stream width from the right bank (note that the right bank will .be 011 

your left as you face upstream). If you cannot collect a sample at the designated point because of deep water 

obstacles or unsafe conditions, relocate the point as close as possible to the designated position. 

Note: A modification to this procedure is currently being investigated by SWAMP. This "margin-center-margin" 

(MCM) modification replaces the samples at 25% and 75% of wetted width with samples of the marginal 

habitats (including emergent and submergent vegetation). 

RWB -Step 2. Place a 500-]1 D-net in the water so the mouth of the net is perpendicular to and facing into 

the flow of the water. If there is sufficient current in the area at the sampling point to fully extend the net, 

use the normal D-net collection technique to collect the sub-sample (TRC-Step 3 through TRC-Step 6 

above). If flow volume and velocity is not sufficient to use the normal collection technique, use the 

sampling procedure for "slack water" habitats (RWB-Step 3 through RWB-Step 7 below). 

RWB -Step 3. Visually define a 1 ft2 (0.09 m2
) quadrat that is one net-width wide and one net-width long 

at the sampling point. 

RWB -Step 4. Working backward from the upstream edge of the sampling plot, check the quadrat for 

heavy organisms such as mussels and snails. Remove these organisms from the substrate by hand and place 

them into the net. Carefully pick up and rub stones directly in front of the net to remove attached animals. 

Remove and clean all of the rocks larger than a golf ball within your sampling quadrat such that all the 

organisms attached to them are washed downstream into your net. Set these rocks outside your sampling 

quadrat after you have cleaned them. Large rocks that are less than halfway into the sampling area should 

be pushed aside. If the substrate is consolidated or comprised of large, heavy rocks, use your feet to kick and 

dislodge the substrate to displace BMis into the net. If you cannot remove a rock from the stream bottom, 

rub it (concentrating on cracks or indentations) thereby loosening any attached insects. 

RWB -Step 5. Vigorously kick the remaining finer substrate within the quadrat with your feet while dragging 

the net repeatedly through the disturbed area just above the bottom. Keep moving the net all the time so 

that the organisms trapped in the net will not escape. Continue k1cking the substrate and moving the net 

for 30 seconds. For vegetation-choked sampling points, sweep the net through the vegetation within a 

lft2 (0.09 m2) quadrat for 30 seconds. 

Note: If flow volume is insufficient to use aD- net, spend 30 seconds hand picking a sample from I W of 

substrate at the sampling point, then stir up the substrate with your gloved hands and use a sieve with 500-p. 

mesh size to collect the organisms from the water in the same way the net is used in larger pools. 

RWB -Step 6. After 30 seconds, remove the net from the water with a quicl< upstream motion to wash the 

organisms to the bottom of the net. 
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RWB -Step 7. PROCEED to Section Illc: Filling and Labeling BMI Sample Jars 

SECTION m C. FilliNG AND LABEliNG BENTHIC MACROINVERTEBRATE SAMPlE JARS 

Step l. Once all sub-samples (eight for TRC, ll for RWB) have been collected, transfer benthos to a 500-mL 

or 1000-mL wide-mouth plastic sample jar using one of the following methods. 

Note: Field elutriation should only be used by well-trained field crews who are proficient at removing all 

benthic organisms from the discarded inorganic material. Training in the recognition of aquatic invertebrates 

is highly recommended. 

Step la. Complete Transfer of all Sampled Material - Invert the contents of the kick net into the sample 

jar. Perform this operation over a white enameled tray to avoid loss of any sampled material and make 

recovery of spilled organisms easier. If possible, remove the larger twigs and rocks by hand after carefully 

inspecting for clinging organisms, but be sure not to lose any organisms. Use forceps to remove any 

organisms clinging to the net and place these in the sample jar. 

Step lb. Field Elutriation of Samples- Empty the contents of the net into a large plastic bucket (10-20 L 

is sufficient). Use forceps to remove any organisms clinging to the net and place these in the bucket. Add 

stream water to the bucket and gently swirl the contents of the bucket in order to suspend the organic material 

(being certain to not introduce entrained organisms from the source water). Pour the organic matter from the 

bucket through a 500-p sieve (or use the 500-p net). Repeat this process until no additional material can be 

elutriated (i.e., only inorganic material is left in the bucket). If possible, remove the larger twigs and rocks by 

hand after carefully inspecting for clinging organisms, but be sure not to lose any organisms. Transfer all of 

the material in the sieve (invertebrates and organic matter) into the sample jar. Carefully inspect the gravel 

and debris remaining in the bottom of the bucket for any cased caddisflies, clams, snails, or other dense 

animals that might remain. Remove any remaining animals by hand and place them in the sample jar. 

Step 2. Place a completed date/locality label (see 
circle one: 

Latitude: N 

Longitude: N .. 

Stream Name: 

w 
W. 

NAD27 

NAD83 

Figure 4) on the inside of the jar (use pencil only as most 
'\ 

"permanent" inks dissolve in ethanol) and completely fill 

with 9 5% ethanol. Place a second label on the outside 

Site Name/ Code: 

County: Jar#: of 
Date: Time: 

Collector: 
circle one: 

BMI Method: TRC RWB: 

Figure 4. Example date - locality label for all BMJ samples. 

of the jar. Note that the target concentration of ethanol is 

70%, but 9 5 % ethanol is used in the field to account for 

dilution from water in the sample. If organic and inorganic 

material does not accumulate in the net quickly, it may be 

possible to transfer all the material in the net into one jar. 

Otherwise, divide the material evenly among several jars 
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(being careful to clearly label them as part of a set). To ensure proper preservation of benthic macroinvertebrates 

it is critical that the ethanol is in contact with the BMis in the sample jar. Never fill a jar more than 2/3 full 

with sampled material, and gently rotate jars that contain mostly mud or sand to ensure that the ethanol is 

well distributed. If jars will be stored for longer than a month prior to processing, jars should not contain 

more than 50% sample material. 
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SECTION 4 
MAIN CROSS-SECTIONAl TRANSECT MEASURES 

SECTION IVA. PHYSICAL MEASURES . 
The majority of physical habitat measurements in this protocol are made relative to the main 

cross-sectional transects (Figure 5). All the measures taken relative to each transect are recorded 

on forms specific to that transect. Start with the downstream transect (Transect A) ~d repeat 

steps 6-15 for allll main transects. 

Module A. Transect Dimensions: Wetted Width ami Bankfull Dimensions 

Wetted Width - The wetted channel is the zone that is inundated with water and the wetted width is the 

distance between the sides of the channel at the point where substrates are no longer surrounded by surface 

water. Measure the wetted stream width and record this in the box at the top of the transect form. 

Bankfull Width and Depth - The bankfull channel is the zone of maximum water inundation in a normal 

. flow year (one to two year flood events). Since most channel formation proces_ses are believed to act when 

·flows are within this zone (Mount 1995), bankfull dimensions provide a valuable indication of relative size 

of the w-a.terbody. 

Note: Bankfull dimensions are notoriously diffimlt to assess, even by experienced field crews (see Heiland 

.Johnson 1995). It is often useful to discilss the interpretation of bankfzllllocations among the field crew members 

to reach a consensus. The USFS Stream Team provides a good set of instmctional videos for improving 

consistency in accurate bankfull measurements (http:jjwww.stream. fs. fed.nsjpublicationsjvideos. html). 

Step 1. Scout along the stream margins to identify the location of the bankfull margins on either bank by 

looking for evidence of annual or semi-annual flood events. Examples of useful evidence includes topographic, 

vegetative, or geologic cues (changes in bank slope, changes from annual to perennial vegetation, changes in 

the size distribution of surface sediments). While the position of drift material caug~t in vegetation may be a 

helpful aid, this can lead to very misleading measurements. 

Note: The exact nature of this evidence varies widely across a range of stream types and geomorphic 

characteristics. It is helpfulto investigate the entire reach when attempting to interpret this evidence because 

the true bankfull margin may be obscured at various points along the reach. Often the bankfull position is 

easier to interpret from one bank than the other; in these cases, it is easiest to infer the opposite bank position 

by projecting across the channel. Additionally, height can be verified by measuring the height from both edges 

ofthe wetted channel to the bankfull height (these heights should be equal). 
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Figure 5. Cross sectional diagram of a typical stream channel showing locations of substrate measurements, wetted and bankfull width measurements, 
and bank stability visual estimates. · 

Step 2. Stretch a tape from bank to bank at the bankfull position. Measure the width of the bankfull channel 

from bank to bank at bankfull height and perpendicular to the direction of stream flow. 

Step 3 .. Measure bankfull height (the vertical distance between the water height of the water and the height 

of the bank, Figure 5) and record. 

Module B. Transect Substrate Measurements 
Particle size frequency distributions often provi~e valuable information about instream habitat conditions 

that affect BMI distributions. The Wolman pebble count technique (Wolman 1954) is a widely used and 

cost-effective method for estimating the particle size distribution and produces data that correlates with 

costly, but more quantitative bulk sediment samples. The method described here follows the EMAP protocol, 

which records sizes of 105 particles in a reach (five particles from each of 11 main transects and 10 inter-transects). 

Note: The size cutoff for the finest particle sizes in the EMAP protocol ( < 0.06 mm) differs from that used by 

the Sierra Nevada Aquatic Research Laboratory (SNARL) program (0.25 mm), although the narrative description 

for this cutoff is the, same (the point at which f'ine particles rubbed between one's fingers no longer feel gritty). 

Coarse particulate organic matter (CPOM, particles of decaying organic material such as leaves that are 

greater than 1.0 mm in diameter) is a general indicator of the amount of allochthonous organic matter 

available at a site, and its measurement can provide valuable information about the basis of the food web 

in a stream reach. The presence of CPOM asspciated with each particle is quantified at the same time that 

particles are measured for the pebble counts. 
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Step 1. Transect substrate measurements are taken at five equidistant points along each transect (Figure 5). 

Divide the wetted stream width by four to get the distance between the five points (Left Bank,-Left Center, 

Center, Right Center and Right Bank) and use a measuring device to locate the positions of these points (a 

stadia rod is especially helpful here). Once the positions are identified, lower a graduated rod (e.g., a marked 

ski pole) though the water column perpendicular to both the flow and the transect to objectively select the 

particle located at the tip of the rod. 

Step 2. Measure the depth from the water surface to the top of the particle with the graduated rod and 

record to the nearest em. 

Step 3. Record the presence or absence of CPOM > 1mm within 1 em of the particle. 

Step 4. If the particle is cobble-sized (64-250 mm), record the percent of the cobble that is embedded by fine 

particles ( < 2 mm) to the nearest 5% (see cobble embeddedness text below). 

Step 5. Remove the particle from the streambed, then measure and record the length of its intermediate axis 

to the nearest mm (see Figure 6). Alternatively, assign the particle to one of the size classes listed in the bottom 

of the transect form. Particle sizes classes can be estimated visually or with a quantitative measuring device 

(e.g., pass/ no-pass template, "gravelometer"). Regardless of the metho·d, all particles less than 0.06 mm 

should be recorded as fines, all particles betweep 0.06mm and 2.0 mm recorded as sand. Field crews may 

want to carry vials containing sediment particles with these size ranges until they are familiar with 

these particles. 

long axis 

intermediate axis 
short axis 

Front Side 
-----·---------------------------------------------

Figure 6. Diagram of three major perpendicular axes of .substrate 
particles. The intermediate axis is recorded for pebble counts. 

Module C. Cobble Embeddedness 
The quantification of substrate embeddedness has long 

been a challenge to stream geomorphologists and 

ecologists (Klamt 1976, Kelley and Dettman 1980). It is 

generally agreed that the degree to which fine particles fill 

interstitial spaces has a significant impact on the ecology 

of benthic organisms and fish, but techniques for measuring 

this impact vary greatly (this is summarized well by 

Sylte and Fischenich 2002, http:/ /stream.fs.fed.usjnews/ 

streamnt/pdf/Stream0CT4.pdf ). Here we define 

embeddedness as the volume of cobble-sized particles 

(64-250 mm) that is buried by fine particles 

( < 2.0 mm diameter). 

Note: This method differs from the EMAP method for mea

suring embeddedness, which measures embeddedness of 

all particles larger than 2 mm. 
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Step 1. Every time a cobble-sized particle is encountered during the pebble count, remove the cobble from 

the stream bed and visually estimate the percentage of the cobble's volume that has been buried by fine 

particles. Since visual estimates of volume and surface area are subject to large amounts of observer error, 

field crews should routinely calibrate their estimates with each other and with other field crews. 

Step 2. In the spaces to the right of the pebble count data, record the embeddedness of all cobble-sized 

particles encountered during the pebble count. 

Note: The cobble embeddedness scores do not correspond with the specific particles in the pebble count cells to 

the left, but are merely a convenient place to record the data. 

Step 3. If 25 cobbles are not encountered during the pebble count, supplement the cobbles by conducting 

a "random walk" through the reach. Starting at a random point in the reach, follow a transect from one bank 

to the other at a randomly chosen angle. Once at the other bank reverse the process with a new randomly 

chosen angle. Record embeddedness of cobble~sized particles in the cobble embeddedness boxes on the 

transect forms until you reach 25 cobbles. If 25 cobble-sized' particles are not present in the entire reach, 

then record the values for cobbles that are present. 
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Module D. Canopy Cover 
This method uses the Strickler (1959) modification of a convex spherical densiometer to correct for over

estimation of canopy density that occurs with unmodified readings. Read the densiometer by counting the 

number of line intersections that are obscured by overhanging vegetation (see Figure 7). Taping off the lower 

left and right portions of the mirror emphasizes overhead vegetation over foreground vegetation (the main 

source of bias in canopy density measurements). All densiometer readings should be taken with the bubble 

leveled and 0.3 m (1 ft) above the water surface. 

Step 1. Using a modified convex spherical densitometer, take and record four 17-point readings all taken 

from the center of each transect: a) facing upstream, b) facing downstream, c) facing the left bank, d) facing 

the right bank. 

Note: This method deviates slightly from that of EMAP (in which two additional readings are taken at the left 

and right wetted edges to increase representation of bank vegetation). 

® 

bubble level 
ode 2006 

Figure 7. Representation of the mirrored surface of a convex spherical densiometer showing the position for taping the mirror and the 
intersection points used for the densiometer reading. The score. for the hypothetical condition in (b) is 10 covered intersection points out of 17 
possible. Note the position of the bubble level in (b) when the densiometer is leveled. · 
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Module E. Gradient and Sinuosity 
The gradient of a stream reach is one of the major stream classification variables, giving an indication of 

potential water velocities and stream power, which are in turn important controls on aquatic habitat and 

sediment transport within the reach. The gradient (slope) of a stream reach is often strongly correlated with 

many BMI metrics and other physical habitat measures and is therefore very useful when interpreting BMI data. 

The "full" physical habitat method uses 10 transect to transect measurements to calculate the average slope 

through a reach. Although this is a little more time intensive than the reach-scale transect measures used 

in the "basic" protocol, it results in more precise slope determination and the ability to quantify slope 

variability within a reach. Sinuosity (calculated as the ratio of the length of the flow path between the ends 

of the reach and the straight line distance between the ends of the reach, Kaufmann et al. 1999) is measured 

at the same time as slope. These two measurements work best with two people, one taking the readings at 

the upstream transect ("backsighting") and the other holding a stadia rod at the downstream transect. If you 

cannot see the mid point of the next transect from the starting point, use the supplemental sections (indicating 

the proportion of the total length represented by each section). Otherwise, leave these blank. 

Note 1: An auto level should be used for reaches with a percent slope of less than or equal to 1%. All methods 

(clinometer, hand level, or auto level) may be used for reaches with a percent slope of greater than 1 %. The 

following description is for clinometer-based slope measurements, but the same principles apply to use of an 

auto or hand level. 

Note 2: In reaches that are close to 1 %, you will not know whether you are above or below the 1 % slope 

cutoff before taking readings. In these cases, default to use of an autolevel. 

Step l. Beginning with the upper transect (Transect K), one person (the measurer) should stand at the water 

margin with a clinometer held at eye level. A second person should stand at the margin of the next downstream 

transect (Transect J) with a stadia rod flagged at the eye level of the person taking the clinometer readings. 

Be sure you mark your eye level while standing on level ground! Adjust for water depth by measuring frorp. 

the same height above the water surface at both transects. This is most easily accomplished by holding the 

base of the pole at water level. 

Note: An alternative technique is to use two stadia rods pre-flagged at the eye-height of the person taking 

the readings. 

Step 2. Use a clinometer to measure the percent slope of the water surface (not the streambed) between 

the upstream transect and the downstream transect by sighting to the flagged position on the stadia rod. 

The clinometer reads both percent slope and degree of the slope. Be careful to read and record percent slope 

rather than degrees slope (these measurements differ by a factor of N 2.2). Percent slope is the scale on the 

right hand side as you look through most clinometers (e.g., Suunto models). 
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Note: If an auto level or hand level is used, record the elevation difference (rise) between transects and the 

segment length (run) instead of the percent slope. 

Step 3. If the stream reach geometry makes it difficult to sight a line between transects, divide the distance 

into two or three sections and record the slope and the proportion of the total segment length between 

transects for each of these sections in the appropriate boxes on the slope form (supplemental segments). 

Note: Never measure slope across dry land (e.g, across a meander bend)_ 

Step 4. Take a compass reading from the center of each main transect to the center of the next main transect 

downstream and record this bearing to the nearest degree on the slope and bearing section of the form. 

Bearing measurements should always be taken from the upstream to downstream transect. 

Step 5. Proceed downstream to the next transect pair (I-J) and continue to record slope and bearing between 

each pair of transects until measurements have been recorded for all transects. 

SECTION IVB. VISUAl ESTIMATES Of HUMAN INflUENCE, INSTREAM HABITAT, 
AND RIPARIAN VEGETATION 

The transect-based approach used here permits semi-quantitative calculations from visual estimates even 

though most are categorical data (i.e., either presence; absence or size classes) because we can calculate 

the percentage of transects that fall into different categories. These modules are adapted directly from EMAP 

protocols with some modifications as noted. 

Module F. Human influence 
The influence of human activities on stream biota is of critical concern in bioassessment analyses. Quantification 

of human activities for these analyses is often performed with GIS techniques, which are very useful but are 

not cap'able of accounting for human activities occurring at the reach scale. Reach scale observations are 

often critical for explaining results that might seem anomalous on the basis ofonly remote mapping tools. 

Step 1. For the left and right banks, estimate a lO x lO m riparian area centered on the edges of the transect 

(see Figure 2). Record the presence of 11 human influence categories in three spatial zones relative to this 10 

x 10 m square (between the wetted edge and bankfull margin, between the bankfull margin and lO m from 

the stream, and between lO m and 50 m beyond the stream margins): 1) walls/rip-rap/dams, 2) buildings, 

3) pavement/cleared lots, 4) roads/railroads, 5) pipes (inlets or outlets), 6) landfills or trash, 7) parks or 

lawns (e.g., golf courses), 8) row crops, 9) pasture/ rangelands, 10) logging/ timber harvest activities, 11) 

mining activities, 12) vegetative management (herbicides, brush removal, mowing), 13) bridges/ abutments, 

14) orchards or vineyards. Circle all combinations of impacts and locations that apply, but be careful 

to not double-count any human influence observations. 
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Step 2. Record the presence of any of the 11 human influence categories in the stream channel within a zm~~ 

5 m upstream and 5 m downstream of the transect. 

Module G. Riparian Vegetation 
Riparian vegetation (vegetation in the region beyond the bankfull margins) has a strong influence on 

the composition of stream communities through its direct and indirect roles in controlling the food base, 

moderating sediment inputs and acting as a buffer between the stream channel and the surrounding 

environment. These methods provide a cursory survey of the condition of the riparian corridor. Observations 

are made in the same 10 x 10m riparian area used for assessing human influence (see Figure 2). 

Note: Riparian vegetation measurements should only include living or recently dead vegetation. 

The riparian vegetation categories used here were condensed from the EMAP version, w~ich further breaks 

the canopy classes into different components. Howev~r, because we have consolidated EMAP categories 

into fewer categories rather than creating new categories, existing EMAP data can be easily converted to 

this format simply by combining the appropriate categories. 

Step 1. Divide the riparian zone into three elevation zones: 1) ground cover ( < 0.5 m), 2) lower canopy 

(0.5 m- 5 m), and 3) upper canopy ( > 5 m). Record the density of the following riparian classes: 1) Upper 

Canopy-Trees and Saplings, 2) Lower Canopy-Woody Shrubs and Saplings, 3) Woody Ground Cover-Shrubs, 

Saplings, 4) Herbaceous Ground Cover-Herbs and Grasses, and 5) Ground Cover-Barren, Bare Soil and Duff. 

Artificial banks (e.g., rip-rap, concrete, asphalt) should be recorded as barren. 

Step 2. Indicate the areal cover (i.e., shading) by each riparian vegetative class as either: 1) absent, 2) sparse 

( < 10%), 3) moderate (10-40%), 4) heavy (40-75%), or 5) very heavy(> 75%). 

Module H. lnstream Habitat Complexity 
Instream habitat complexity was developed by the EMAP program to quantify fish concealment features in 

the stream channel, but it also provides good information about the general condition and complexity of 

the stream channel. Estimates should include features within the banks and outside the wetted margins 

of the stream. 

Step 1. Record the amount of nine different channel features within a zone 5m upstream and 5m down

stream of the transect (see Figure 2): 1) filamentous algae (long-stranded algal forms that are large enough 

to see with the naked eye), 2) aquatic macrophytes (include mosses and vascular plants), 3) bo.ulders ( > 25 

em), 4 and 5) woody debris (break into two classes- larger and smaller than 30 em diameter), 6) undercut 

banks, 7) overhanging vegetation, 8) live tree roots and 9) artificial structures (includes any anthropogenic 

objects including large trash objects like tires and shopping carts). Indicate the areal cover of each feature as 

either: 1) absent, 2) sparse ( < 10%), 3) moderate (10-40%), 4) heavy (40-75%), or 5) very heavy(> 75%). 
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SEGTIDN 5 
INTER-TRANSECT MEASURES 

While most measures are taken at or relative to the main transects, a few measures are recorded at 

transects located at the midpoint between main transects. These are called "inter-transects". 

Module B (Part 2) Pebble Counts (same as for transects, but ru11 cobble 
embeddedness measures) 
Step 1. Divide the wetted stream width by four to get the distance between the five points (Left Bank, Left 

Center, Center, Right Center and Right Bank) and use a measuring device to locate the positions of these 

points (a stadia rod is especially help:lul here, see Figure 5). Once the positions are identified, lower a 

graduated rod through the water column perpendicular to both the flow and the transect to objectively 

select the particle located at its tip. 

Step 2. With the graduated rod, measure the depth from the water surface to the top of the particle and 

record to the nearest ern. 

Step 3. Remove the particle from the streambed, then measure and record the length of its intermediate 

axis to the nearest rnrn (see Figure 6). Alternatively, assign the particle to one of the size classes listed in 

the bottom of the transect form (see Table 3 for a list of size classes). Particle size classes may be estimated 

visually or with a quantitative measuring device (e.g., pass/ no-pass template, gravelorneter). Regardless of 

the method, all particles less than 0.06 rnrn should be recorded as fines, while all particles between 0.06 rnrn 

and 2.0 rnrn should be recorded as sand. Field crews may want to carry vials containing sediment particles 
' with these size ranges until they are familiar with these particle size classes. 

Step 4. Record the presence (P) or absence (A) ofany CPOM within 1 ern of each particle. 

Module J. Flow Habitats 
Because many benthic macroinvertebrates prefer specific flow and substrate microhabitats, the proportional 

representation of these habitats in a reach is often of interest in bioassessments. There are many different 

ways to quantify the proportions of different flow habitats (for example, see text on EMAP's "thalweg profile" 

below). Like the riparian and instrearn measures listed above, this procedure produces a semi-quantitative 

measure consisting of 10 transect-based visual estimates. 

Note: The categories used here are based on those used in the EMAP protocol, with pools combined into one 

class and cascades and falls combined into another class. 
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Step 1. At each inter-transect, identify the proportion of six different habitat types in the region between 

the upstream transect and downstream transect: 1) cascades/falls, 2) rapids, 3) riffles, 4) runs, 5) glides, 

6) pools, 7) dry areas. Record percentages to the nearest 5% - the total percentage of surface area for 
each section must total 100%. 

/ 
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SEGTIDN G 
DISCHARGE 

Stream discharge is the volume of water that moves past a point in a given amount of time and is 

generally reported as either cubic meters per second (ems) or cubic feet per second (cfs). Because 

discharge is directly related to water volume, discharge affects the concentration of nutrients, fine 

sediments and pollutants; and discharge measurements are critical for understanding impacts of 

disturbances such as impoundments, water withdrawals and water augmentation. Discharge is 

also closely related to many habitat characteristics including temperature regimes, physical habitat 

diversity, and habitat connectivity. As a direct result of these relationships, stream discharge is 

often also a strong predictor of biotic community composition. Since stream volume can vary 

significantly on many different temporal scales (diurnal, seasonal, inter-annually), it can also be 

very useful for understanding variation in stream condition. 

This procedure (modified from the EMAP protocol) provides for two different methods for calculating 

discharge. It is preferable to take ,discharge measurements in sections where flow velocities are greater than 

0.15 m/s and most depths are greater than 15 em, but slower velocities and shallower depths can be used. 

If flow volume is sufficient for a transect-based "velocity-area" dis~harge calculation, this is by far the 

preferred method. If flow volume is too low to permit this procedure or if your flow meter fails, use the 

"neutrally buoyant object/ timed flow" method. 

Note: Programs that sample fixed sites repeatedly may want to consider installing permanent discharge esti

mation structures (e.g., stage gauges, wiers). 

Module K. Discharge: Velocity Area Method 
The layout for discharge measurements under the velocity-area (VA) method is illustrated in Figure 8. 

Flow velocity should be measured with either a Swoffer Instruments propeller-type flow meter or a Marsh

McBirney inductive probe flow meter. Refer to the manufacturers' instrument manuals for calibration procedures. 

VA-Step 1. Select the best location in the reach for measuring discharge. To maximize the repeatability of 

the discharge measurement, choose a transect with the most uniform flow (select hydraulically smooth flow 

whenever possible) and simplest cross-sectional geometry. It is acceptable to move substrates or other 

obstacles to create a more uniform cross-section before beginning the discharge measurements. 

VA-Step 2. Measure the wetted width of the discharge transect and divide this into 10 to 20 equal segments. 

The use of more segments gives a better discharge calculation, but is impractical in small channels. A 

minimum of 10 intervals should be used when stream width permits, but interval width should not be 

less than 15 em. 
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VA-Step 3. Record the distance from the bank to the end of the first intervaL Using the top-setting rod that 

comes with the flow velocity meter, measure the median depth of the first intervaL 

VA-Step 4. Standing downstream of the transect to avoid interfering with the flow, use the top-setting rod to 

set the probe of the flow meter (either the propeller or the electromagnetic probe) at the midpoint of each 

interval, at 0.6 of the interval depth (this position generally approximates average velocity in the water 

column), and at right angles to the transect (facing upstream). See Figure 8 for positioning detaiL 

VA-Step 5. Allow the flow velocity meter to equilibrate for 10-20 seconds then record velocity to the nearest 

mjs. If the option is available, use the flow averaging setting on the flow meter. 

Note: Under very low flow conditions, flow velocity meters may register readings a( zero even when there 

is noticeable flow. In these situations, record a velocity of O.Sx the minimum flow detection capabilities 

of the instrument. 
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Figure 8. Diagram of layout for discharge measurements under the velocity-area method showing proper positions for velocity probe (black dots). 
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VA-Step 6. Complete Steps 3 through 5 on the remaining intervals. 

Note: The first and last intervals usually have depths and velocities of zero. 

Module l. Discharge: Neutrally Buoyant Object Method 
If streams are too shallow to use a flow velocity meter, the neutrally buoyant object (NBO) method should 

be used to measure flow velocity. However, since this method is less precise than the flow velocity meter 

it should only be used if absolutely necessary. A neutrally buoyant object (one whose density allows it to 

just balance between sinking and floating) will act as if ~t were nearly weightless, thus it's movement will 

approximate that of the water it floats in better than a light object To estimate the flow velocity through a 

reach, three transects are used to measure the cross-sectional areas within the test section sub-reach and 

three flow velocity estimates are used to measure average velocity through the test reach. To improve 

precision in velocity measurements, the reach segment should be long enough for the float time to 

last at least 10-15 seconds. 

NBO-Step l. The position of the discharge sub-reach is not as critical as it is for the velocity-area method, 

but the same criteria for selection of a discharge reach apply to the neutraily buoyant object method. Identify 

a section that has relatively uniform flow and a uniform cross sectional shape. 

NBO-Step 2. The cross sectional area is estimated in a manner that is similar but less precise thah that used 

in the velocity area method. Measure the cross sectional area in one to three places in the section designated 

for the discharge measurement (three evenly-spaced cross sections are preferred, but one may be used if the 

cross section through the reach is very uniform). Record the width once for each cross section and measure 

depth at five equally-spaced positions along each transect 

NBO-Step 3. Record the length of the discharge reach. 

NBO-Step 4. Place a neutrally buoyant object (e.g., orange, rubber ball, heavy piece of wood, etc.) in the 

water upstream of the discharge reach and record the lengili. of time in seconds that it takes for the object to 

pass between the upstream and downstream boundaries of the reach. Repeat this timed float three times. 
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SECTION 7 
PDST-SAMPUNG OBSERVATIONS 

Module M. Rapid Bioassessment Procedures Visual Assessment Scores 
(for Basic Physical Habitat, or optional supplement) 
EPA's Rapid Bioassessment Procedures (RBPs, Barbour et al. 1999) include a set of 10 visual 

criteria for assessing instream and riparian habitat. The RBP has been used in the CSBP since its 

first edition (1995) and thus, this information is often valuable for comparison to legacy datasets. 

The criteria also have a useful didactic role since they help force the user to quantify key features 

of the physical environment where bioassessment samples are collected. 

Module N. Additional Habitat Characterization (Full Physica~ Habitat only) 
The RBP stream habitat visual estimates described in Step 1 are not included in the Full Physical Habitat 

version because they are generally replaced by more quantitative measurements of similar variables. 

However, we have found that three of the RBP measures are reasonably repeatable and include them 

in the reachwide assessment portion of the Full Physical Habitat version. 

Note: This is the only case in which a measurement included in the basic procedure is not included in 

the full. 

Module 0. Reach Slope (for Basic Physical Habitat only) 
Reach slope should be recorded as percent slope as opposed to degrees slope to avoid confusion. Slope 

measurements work best with two people, one taking the readings at the upstream transect and the other 

holding a stadia rod at the downstream transect. If you cannot see the mid point of the next transect from 

the starting point, use the supplemental sections (indicating the proportion of the total length represented 

by each section). 

An auto level (with a tripod) should be used for reaches with a percent slope of less than or equal to 1%. 

All methods (clinometer, hand level, or auto level) may be used for reaches with a percent slope of greater 

than 1%. In reaches that are close to 1%, you will not know whether you are above or below the 1% slope 

cutoff. In these cases, default to use of an autolevel. 

Step 1. Divide the reach into multiple segments such that stadia rod markings can be easily read with the 

measuring device to be employed (this is especially a factor for clinometer and hand level readings). 
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Step 2. Use a clinometer, hand level, or auto level to measure the percent slope of the water surface 

(not the streambed} between the top and bottom of each segment. Be sure to adjust for water depth by 

measuring from the same height above the water surface at both transects. Also be sure to record percent 

slope, not degrees slope. Record the segment length for each of these sections in the appropriate boxes 

on the BASIC slope form. 
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SEGTIDN 8 
OPTIONAl EXCESS SEDIMENT MEASURES 

Future editions of these protocols will include supplemental modules, including a full discussion 

of the measurements used for calculating the excess sediment index (sometimes referred to as 

log relative bed stability, LRBS). However, since several of the measurements in EMAP's physical 

habitat protocols are interwoven into the layout of this protocol, a brief overview of the additional 

measurements collected for the LRBS calculations is included here for information purposes only. 

For detailed explanations of these measurements, consult Peck et al. 2004. 

Woody Debris Tallies 
Large woody debris (logs, snags, branches, etc.) that is capable of obstructing flow when the channel is at 

bankfull condition (just short of flood stage) contributes to the "roughness" of a channel. The effect of this 

variable is to reduce water velocity and thereby reduce the stream's competence to move substrate particles. 

The EMAP protocol tallies all woody debris with a diameter greater than 10 em ( N 4 ") into one of 12 size 

classes based on the length and width of each object. Tallies are conducted in the zone between the 

main transects. 

Thalweg Measurements 
A stream's thalweg is a longitudinal profile that connects the deepest points of successive cross-sections of 

the stream. The thalweg defines the primary path of water flow through the reach. Thalweg measurements 

perform many functions in the EMAP protocols, producing measurements for the excess sediment 

calculations (residual pool volume, stream size, channel complexity) and flow habitat variability. 



· , · SWAMP Biaassessment 'Procedures, Ori!Jinallssue Date: F~bruary:2007 

SEGTIDN 9 
DPTIDNAL PERIPHYTON llUANTIFICATIDN 

Periphyton O.uantification 
Characterization of periphyton has a dual role in bioassessments, as periphyton is both a food and 

habitat resource for benthic macroinvertebrates and fish and an effective bioindicator on its own. 

Quantification of periphytic resources will be covered under a separate SWAMP bioassessment 

protocol, but will include procedures for qualitative characterization of diatom assemblages, 

documentation of filamentous algal growth, and biomass quantification (e.g., ash-free dry mass 

and chlorophyll a). 
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SEGTIUN I 0 
llUAUTY ASSURANCE & CONTROL PROCEDURES 

The SWAMP bioassessment group is currently developing guidelines for quality assurance and 

quality control for bioassessment procedures. Future revisions to this document will include 

guidance covering personnel qualifications, training and field audit procedures, procedures for 

field calibration, procedures for chain of custody documentation, requirements for measurement 

precision, health and safety warnings, cautions (actions that would result in instrument damage or 

compromised samples), and interferences (consequences of not following the standard operating 

procedure, SOP). 
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ABL 

Allocthonous 

Ambient Bioassessment 

Bankfull 

BMI 

Cobble Embeddedness 

CPOM 

CSBP 

DFG 

EMAP 

EPA 

Fines 

Inter-transects 

MCM 

ORD 

QAMP 

RBP 

Reach 

Riparian 

RWB 

SCCWRP 

SNARL 

Substrate 

SWAMP 

Thalweg 

DEFINITIONS OF TERMS USED IN SOP D 
California Department of Fish and Game's Aquatic Bioassessment Laboratory 

Derived from a source external to the stream channel (e.g., riparian vegetation) as opposed to 
autochthonous, which indicates a source inside the stream channel (e.g., periphyton). 

Biological monitoring that is intended to describe general biotic condition as opposed to a 
diagnosis of sources of impairment 

The bankfull channel is the zone of maximum water inundation in a normal flow year (one to two 
year flood events) 

Benthic macroinvertebrates: bottom-dwelling invertebrates large enough to be seen with the 
unaided eye 

The volume of cobble-sized particles (64-250 mm) that is buried by fine particles 
(<2.0 mm diameter) 

Coarse particulate organic matter (CPOM, particles of decaying organic material such as leaves 
that are greater than 1.0 mm in diameter) 

California State Bioassessment Procedures 

California Department of Fish and Game 

The U.S. Environmental Protection Agency's Environmental Monitoring and Assessment Program 

The U.S. Environmental Protection Agency 

Substrate particles less than 0.06 mm diameter (not gritty to touch) 

Transects established at points equidistant between the main transects 

Margin-Center-Margin alternative procedure for sampling low gradient habitats 

EPA's Office of Research and Development 

Quality assurance management plan 

EPA's Rapid Bioassessment Procedures 

A segment of the stream channel 

An area of land and vegetation adjacent to a stream that has a direct effect on the stream. 

Reach-wide benthos composite sampling method for benthic macroinvertebrates, also referred 
to as multi-habitat method 

Southern Coastal California Water Research Project 

Sierra Nevada Aquatic Research Laboratory 

The composition of a streambed, including both inorganic and organic particles 

The State Water Resources Control Board's Surface Water Ambient Monitoring Program 

A longitudinal profile that connects the deepest points at successive cross-sections of the 
stream. The thalweg defines the primary path of water flow through the reach 
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Wadeable Streams 

,SWAMP Bioassessment Procedures, Original ·Issue Date: !Ffi&w3ryq.oo7 

Streams that can be sampled by field crews wearing chest waders (generally less that 0.5 m • 1.0 
meters deep) 
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FACTORS TO CONSIDER WHEN RECOMMENDING/ 
CHANGING BIOASSESSMENT METHODS 

APPENDIX AA 

Beyond the primary considerations of precision and accuracy, there are at least five other key 

issues that SWAMP has considered and should consider in the future, when recommending or 

changing its official methods for bioassessment. These issues include: 

1. Costs of Collecting Samples via Multiple Protocols - Collecting, processing, and interpreting samples using 

more than one method for each indicator (e.g., algae, macroinvertebrates, fish) per site adds significant costs 

to bioassessment monitoring programs. SWAMP should strive to identify the minimum set of protocols 

necessary for each indicator. However, this should not come at the expense of sound monitoring. If more 

than one method is needed to interpret the biological response, then this decision should be based on a 

cost-benefit assessment. 

2. Costs of Maintaining Multiple SWAMP Protocols - While multiple methods for monitoring a given 

indicator may provide additional accuracy in specific habitats, there are significant costs to maintaining 

multiple protocols: 

a. Need to maintain method-specific infrastructure (e.g., separate reference samples, separate indices of 

biotic integrity (IBis), separate 0/E models, etc.). 

b. May lose or impair ability to compare across sites if different methods are used (see Issue 5 below). 

c. Guidance on when to use methods becomes more complex. For example, we need to define very 

specifically which methods to use at each water body type; and thus, which tools can be used to 

interpret them. 

Recommendation: SWAMP should maintain as few protocols as necessary. If we elect to add new or modified 

protocols it. should be because we have determined that the added value is worth all of the costs listed above. 

3. Separating Physical Impairment from Water Quality Impairment - One of the original reasons for 

adding a multihabitat component to SWAMP bioassessment programs was the potential for distinguishing 

physical and water quality impairment sources (see recommendations in Barbour and Hill 2002). In regards 

to macroinvertebrate indicators, the conventional wisdom has been that reachwide (RW, sometimes referred 

to as multihabitat or MH) samples should be relatively more responsive to physical habitat alteration (i.e., 

fine sediment inputs) than targeted-riffle (TR) samples because it is believed that erosional habitats take longer 
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to respond to sediment stresses, and because pockets of riffle habitat are thought to act as refugia from habitat 

loss. To the extent that this is true, RW and TR samples may offer complementary information that allows us 

to separate these sources of impairment. 

While very few studies have addressed this conventional wisdom directly, recent studies suggest that this 

may not be as much a factor as previously believed. In a recent comparison of TR and RW samples at nearly 

200 sites statewide, the ABL found at most weak evidence to support this notion (Rehn et al. 2007). Gerth 

and Herlihy (2006) came to the same conclusion in their analysis of rv 500 sites in the eastern and western 

. United States. However, this issue is far from resolved and SWAMP scientists currently are not in agreement 

regarding this issue. Since the majority of bioassessment programs in California have emphasized targeted 

riffle sampling, SWAMP will undoubtedly want to evaluate this question further before milking any policy 

decision to discontinue TR sampling. 

Recommendation: Until this issue can be evaluated further and resolved to SWAMP's satisfaction, ambient 

macroinvertebrate sampling should include collection of both RW samples and richest targeted habitat (TR or 

MCM) samples at every site. (The TR method should be used where sufficient riffles are present, and the MCM 

method should be used at low-gradient sites where sufficient riffle habitat is not available.) 

4. Compatibility with Previous Data - To address this issue, at least three sets of macroinvertebrate sam

pling method comparisons have been conducted in California. 

a. Targeted Riffle Methods - Comparisons are complete. Samples collected under the current TR 

protocols are considered interchangeable with both CSBP and SNARL samples (Ode et al. 2005, 

Herbst and Silldorff 2006). 

b. Low Gradient Sand-Dominated Streams - Collaborative studies are currently underway between 

Water Board.Regions 3 and 5, the Southern California Coastal Water Research Project (SCCWRP), 

and ABL to compare the performance of: (1) the "low-gradient" CSBP; (2) RW samples; and 

(3) a modification of the RW method designed to emphasize habitats along stream margins (MCM). 

The results of these low-gradient methods comparisons are not yet available. 

c. Targeted Riffle vs. Reachwide Methods - A recent comparison of RW and TR samples 

collected from nearly 200 EMAP 1 CMAP sites is in peer review press (Rehn et al. 2007). 

Results demonstrate remarkably similar performance of the methods across a wide range of 

habitats. Gerth and Herlihy (2006) recently published a similar analysis with the same conclusions. 

However, -the bioassessment committee has yet to carefully review and discuss these analyses 

and their implications for SWAMP biomonitoring. 

5. Comparability Among Sites- The ability to compare biological condition across sites is a common 

requirement of most ambient bioassessment programs. This type of analysis is confounded if different 

methods are used at these sites. One of the big advantages of reachwide (i.e., multihabitat) methods is 

that they can be applied anywhere because they don't require a specific habitat for sampling. Statewide 
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bioassessments and most regional programs will require the ability to compare their bioassessment results 

among multiple sites (e.g., within a watershed, within a region, statewide). 

INTERIM RECOMMENDATIONS FOR MACROINVERTEBRATE SAMPLING 
(UPDATED DECEMBER 2006): 

1. Until we can reach consensus on the outstanding issues (i.e., whether a single method for macroinvertebrate 

sampling will meet our needs, and the outcome of RW vs. MCM comparison studies for low-gradient 

wadeable streams/rivers), SWAMP recommends collecting both a reachwide (i.e., multihabitat) and a 

targeted habitat sample at each site. In high gradient streams, this means using both the RW and TR 

methods. In low-gradient streams, we recommend collecting both RW and MCM samples until the results are 

available from the low-gradient ("non-riffle") comparison. In rare cases where monitoring objectives cannot 

be met following these recommendations, the SWAMP Bioassessment Coordinator may authorize deviations. 

For example, where project-specific objectives differ from ambient monitoring, the SWAMP Bioassessment 

Coordinator may authorize alternate methods. In rare cases where funding is extremely limited and the cost 

of following the above recommendations would be prohibitive, the SWAMP Bioassessment Coordinator may 

authorize cost-saving options such as collecting both samples, but archiving one of the samples for later 

lab analysis. 

2. SWAMP should develop guidance specifying when and where different methods should be used. For 

example, at "low gradient" sites, what is the slope cut-off (or other channel feature criteria to use) when 

deciding whether to apply TR or MCM? In addition, while SWAMP may eventually choose to adopt a singll 

method (such as RW) at most sites, some regions may determine that the value of targeted habitat sampling 

merits continued sampling with supplemental protocols. In the latter case, or if SWAMP determines that 

distinct methods are needed for different habitat types, the guidance should specify the types of waterbodies 

or classes of waterbodies that require different methods. 
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Comparisons of targeted-riffle and reach-wide benthic 
macroinvertebrate samples: implications for data sharing in 

stream-condition assessments 
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Game, 2005 Nimbus Road, Rancho Cordova, California 95670 USA 

Charles P. Hawkins3 

Western Center for Monitoring and Assessment of Freshwater Ecosystems, Department of Watershed 
Sciences, Utah State University, Logan, Utah 84322-5210 USA 

Abstract. Recent comparisons of benthic macroinvertebrate (BMI) sampling protocols have shown that 
samples collected from different habitat types generally produce consistent stream classifications and 
assessments. However, these comparisons usually have not included biological endpoints used by 
monitoring agencies, such as mult1metric indi'ces (e.g., benthic index of biotic integrity [B-IBI]) or observed
to-expected (0/E) indices of taxonomic completeness, as target variables, and estimates of method 
precision are rarely provided. Targeted-riffle (TR) and reach-wide (RW) benthic samples have been collected 
at thousands of sites across the western USA, but little guidance is available for understanding 1) the extent 
to which raw data sets can be combined in regional or large-scale analyses, 2) the degree of precision 
afforded by each method, or 3) the efficacy of cross-application of biological indicators derived from one 
sample type to the other. To address these issues, we used data from 193 sites in California where the 
Environmental Monitoring and Assessment Program (EMAP) collected the 2 samples side by side. We also 
conducted a separate study wherein 3 replicates of each sample type were collected from 15 streams to 
estimate minimum detectable difference (MDD) as a measure of each method's precision. Metrics calculated 
from TR and RW samples showed similar dose-response relationships to stressors gradients and similar 
raw scoring ranges. Biological indices (B-IBI, 0/E0, and 0/E50) derived from RW samples were more 
precise than those derived from TR samples, but precision differences were not substantial. On average, 
pairwise differences in any index between TR and RW sample types were much less. than the MDD 
associated with either sampling method. We observed a weak but consistent bias toward higher 0 /E50 

scores from TR samples than from RW samples at the highest elevations and in the largest watersheds. 
Broad-scale condition assessments were nearly identical when B-IBI and 0/Eo were used as endpoints, and 
assessments based on O/E50 were only slightly less similar. Our analyses indicate that raw data sets and 
biological indicators derived from TR and RW samples may be generally interchangeable when used in 
ambient biomonitoring programs. 

Key words: benthic macroinvertebrates, bioassessment, sample habitat, index of biotic integrity, pre
dictive models, EMAP, California. 

Benthic macroinvertebrates (BMis) are the most 
commonly used organisms in freshwater biomonitor
ing programs (Bonada et al. 2006). Numerous multi
metric indices (e.g., benthic index of biotic integrity [B
IBI]), observed-to-expected (0/E) indices of taxonomic 
completeness, and various other tools have been 

J E-mail addresses: arehn@ospr.dfg.ca.gov 
2 pode@ospr.dfg.ca.gov 
3 chuck.hawkins@usu.edu 
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developed in many parts of the world, including 
North America (Klemm et al. 2003, Hawkins 2006), 
Australia (Simpson and Norris 2000), Europe (Moss et 
al. 1987, De Pauw et aL 1992), New Zealand (Stark 
1993), South Africa (Chutter 1972), and Indonesia 
(Sudaryanti et al. 2001). These biological indicators aid 
in the interpretation of complex BMI assemblage data 
and help classify the ecological condition of test sites 
relative to regional reference conditions (Hughes 1994). 
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Recently, B-IBI- and 0/E-based assessments have been 
used in conjunction with probability survey designs to 
estimate the ecological condition of entire resource 
populations, such as all mapped wadeable stream 
lengths within large geographic regions (Herlihy et al. 
2000, Stevens and Olsen 2004, Stoddard et al. 2005). 

Despite their popular use in biomonitoring, there is 
no commonly agreed upon method for sampling BMis · 
or for prc;cessing samples (Carter and Resh 2001, 
Houston et al. 2002). Debates continue regarding 
which habitat is best to sample (Parsons and Norris 
1996), what subsample size of organisms is best 
(Ostermiller and Hawkins 2004, Cao and Hawkins 
2006), and what taxonomic resolution is sufficient to 
detect anthropogenic impairment (Lenat and Resh 
2001, Waite et al. 2004). Decisions about where to 
sample frequently have been driven by the assumption 
that index values obtained at sites will be influenced 
by the types or mixture of habitats sampled rather than 
by water-quality differences among sites (Chessman 
1995), or that certain disturbances (e.g., sedimentation) 
may have a more pronounced effect on biota in certain 
habitats and might go undetected if only a single 
habitat were sampled (Kerans et al. 1992, Parsons and 
Norris 1996). These assumptions seem to be supported 
by observations that like habitats can have more 
similar BMI assemblages among streams than different 
habitats within a stream (e.g., McCulloch 1986, 
Parsons and Norris 1996). Nonetheless, growing 
evidence suggests that BMI samples collected from 
different habitat types generally produce similar 
stream classifications and assessments (Hewlett 2000, 
Ostermiller and Hawkins 2004, Gerth and Herlihy 
2006). 

Thorough comparison of sampling methods requires 
evaluation of multiple performance characteristics, 
including precision, accuracy, bias, and sensitivity 
(Diamond et al. 1996). Quantitative performance 
characteristics aid in determinations of whether raw 
data sets derived from independent programs with 
different sampling techniques can be combined for 
larger analyses, and whether biological endpoints (i.e., 
B-IBI or 0/E scores) derived from those programs can 
be compared directly. To date~ comparisons of sam
pling methods that target different habitats usually 
have not included estimates of method precision (but 
see Stark 1993, Houston et al. 2002). Replicate samples 
are required to estimate the variance associated with 
sampling error in biological assessments (Barbour et al. 
1996, Fore et al. 2001), and documentation of precision 
has been advocated as an essential component of any 
performance-based monitoring system (PBMS; Dia
mond et al. 1996). 

We compared the 2 sampling methods (targeted-

riffle [TR] and reach-wide [RW]) used by the US 
Environmental Protection Agency's Environmental 
Monitoring and Assessment Program (EMAP) survey 
of wadeable streams in the western USA. First, we 
evaluated whether the responses of several BMI 
metrics to gradients of anthropogenic stressors varied 
if the metrics were calculated from different sample 
types. Second, we determined whether within-site 
precision of B-IBI and 0/E indices varied with 
sampling method, and we used within-method preci
sion as a context for evaluating between-method 
differences in index scores. Third, we assessed whether 
systematic biases in B-IBI or 0/E in relation to several 
natural gradients (elevation, watershed area, etc.) 
occurred between sampling methods. Last, we as
sessed whether sampling method affected site-specific 
and regional condition assessments based on B-IBI and 
0/E. If the 2 sampling methods prbduce comparable 
data and biological endpoints, raw TR and RW 
samples could be combined for large-scale analyses, 
and indicators developed from one sample type could 
be applied with reasonable confidence to data sets 
collected with the other. 

Methods 

Data sets 

Data for pairwise comparisons of TR and RW 
sample types were obtained from 193 sites sampled 
in California (Fig. 1) during 2000 to 2003 by the 
western EMAP probability stream survey (Stoddard et 
al. 2005). Sampling sites were selected randomly from 
the digitized stream network depicted on 1:100,000-
scale US Geological Survey topographic maps to 
ensure a spatially balanced, representative survey 
(Herlihy et al. 2000, Stevens and Olsen 2004). At each 
site, a sampling reach was defined as 40X the average 
stream width at the center of the reach, with a 
minimum reach length of 150 m and maximum length 
of 500 m. Eleven equidistant transects were estab
lished, and an RW sample was taken by sampling 0.09 
m2 of substrate with a kick net at each transect. 
Sampling points alternated among 25%, 50%, and 75% 
of stream width (thus, RW samples often contained at 
least some riffle components), and all11 kick samples 
were cmnposited into a single sample (Peck et al. 
2004). A TR sample was taken from within the same 
reach by sampling 0.09 m2 of substrate with a kick net 
from each of 8 randomly chosen riffle or fastest-water 
habitat units (Peck et al. 2004). All 8 kick samples were 
composited into a single sample. 

Data for estimates bf within-site precision, or 
sampling error, associated with each method were 
obtained from 29 streams in northern coastal Califor-
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Frc. 1. Map of 193 sampling locations in California where targeted-riffle and reach-wide samples were collected for pairwise\ 
comparisons (Environmental Monitoring and Assessment Program [EMAP] sites) and 29 locations· where replicate samples were 
collected for precision estimates .. 

nia (Fig. 1). Sites were sampled in September 2004 and 
were selected to represent the range of stream 
conditions found in the region. Four of the sites had 
been sampled in previous years by EMAP. At each site, 
a 150-m sampling reach was established. At 15 sites, 3 
TR replicates were collected following the protocol 
described above after randomly assigning each fastest
water habitat unit in the reach to 1 of 3 bins (Rep 1, 2, 
or 3). At 15 other sites (except Mark West Creek, where 
the 2 methods were replicated in adjacent sampling 
reaches), 3 RW replicates were collected from within 
the sampling reach following the protocols described 
above by alternating the sampling position along each 
transect for each replicate. 

In the laboratory, each BMI sample was rinsed 
carefully in a 0.5-mm-mesh sieve before being trans-

£erred to a 20 X 25-cm tray subdivided into a grid of 20 
,squares. Organisms were subsampled from randomly 
chosen squares until 500 individuals were picked from 
each sample. Insects were identified to genus with 
standards of taxonomic effort defined by the California 
Aquatic Macroinvertebrate Laboratory Network 
(www.dfg.ca.gov I cabw I camlnetste.pdf). Chironomid 
genera were lumped at the subfamily level for 
analyses described below. 

Data analyses 

Metrics comparisons.-Dose-response relationships 
of 11 biological metrics to 5 anthropogenic or 
human-influenced stressors (% sand and fines, con
ductivity, total N, qualitative cha1mel alteration, and 
local road density) known to be associated with 
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biological degradation were examined to determine 
whether the relationships differed for TR and RW 
sample types. The evaluated metrics were chosen 
because they are used currently in California B-IBis 
that were developed from TR sample data (Ode et al. 
2005, Rehn et al. 2005). Percent sand and fines, 
qualitative channel alteration, conductivity, and total 
N were measured at study reaches with EMAP 
protocols (Klemm and Lazorchak 1994, Peck et al. 
2004). Local road densities were obtained through 
geographical information system (GIS) analyses. First, 
a polygon delineating the area drained within a 1-km 
radius upstream of each study reach was defined. 
Then the ArcView® (version 3.2; Environmental 
Systems Research Institute, Redlands, California) 
extension ATtiLA (version 3.0; US Environmental 
Protection Agency, Washington, DC) was used to 
calculate road densities within polygons witl1 a road 
network obtained from the US Forest Service Remote 
Sensing Lab (http:/ /fsweb/gis/gis_data/calcovs/fs/ 
nwctran03_2.html). 

Linear regression was used to quantify the strength 
of each metric-stressor relationship for each sample 
type. In cases where relationships were clearly wedge 
shaped (i.e., had distinct ceilings or floors), upper
bound (or lower-bound) regression was used to 
quantify the limiting slope of the relationship (Black
burn et al. 1992). For this analysis, the stressor axis was 
divided into 10 equal-interval bins and either the 3 
highest or 3 lowest metric values were selected from 
each bin. Ordinary least-squares regressions were then 
calculated for the subsets of data to estimate the upper
or lower-bound slopes of wedge-shaped polygons. As 
an approximate Bonferroni correction for a large 
number of correlations, only relationships with a p
value ::::; 0.0001 were considered significant. Box plots 
and Mann-Whitney U tests were used to evaluate 
whether raw metrics differed between TR and RW 
samples and might require different scaling in a B-IBI. 

Minimum detectable difference (MDD).-Replicate 
samples allow estimation of the variance in metric or 
composite indicator values associated with sampling 
error. We were interested in the variance of actual 
endpoint indicators used by water-quality managers in 
California. Northern coastal California B-IBI scores 
(Relu1 et al. 2005) were calculated for each TR and RW 
replicate from the 29 replication sites. The replicate 
samples also were assessed with a recently developed 
California 0/E index (CPH, unpublished data). The 
index was based on TR samples and generates 2 0 /E 
taxa ratios, one based on taxa with modeled site
specific probabilities of capture >0 (0/Eo) and another 
based on taxa with site-specific probabilities of capture 
~0.5 (0 /E50; see Ostermiller and Hawkins 2004 for 

further explanation). Nested analyses of variance 
(ANOVAs) with replicate samples nested within sites 
were used to estimate the average within-site variance 
(as mean squared error [MSE] with 30 df) for both B
IBI and 0/E values. These estimates of MSE were then 
applied in 2-sample t-tests (a. = 0.05, p = 0.10) to 
calculate the MDD for each indicator (Zar 1999, Fore et 
al. 2001). The MDD provides a measure of how 
different B-IBI or 0/E values must be before they are 
considered significantly different. . 

Pairwise comparisons of B-IBI and 0/E scores.-Pair
wise differences were evaluated between recently 
developed California B-IBI (Ode et al. 2005, Rehn et 
al. 2005) scores calculated from TR and RW sample 
types. Two sites were eliminated from B-IBI compar
isons because of low sample counts ( <450). Pairwise 
differences between 0/E scores were evaluated for a 
subset of 187 statewide sites where sample counts 
were sufficiently large (n ~ 300) after taxon lists were 
reduced to those operational taxonomic units (OTUs) 
used in the index. 

Average pairwise differences in B-IBI and 0/E 
scores between TR and RW sample types and the 
number of cases where the pairwise differences in 
these 2 indicator values exceeded the MDD for each 
sampling method were calculated. The degree to 
which B-IBI and 0/E discriminated between reference 
and test sites depending on whether they were 
calculated from TR or RW samples was also evaluated. 
A principal components analysis (PCA) of the 5 
stressors used in metrics comparisons was done, and 
the responsiveness of B-IBI and 0/E to the first PCA 
axis (PCAl) was plotted. Our purpose was not to 
compare responsiveness between indicators, but rather 
to evaluate whether each indicator showed different 
responses when calculated from TR and RW sample 
types. Last, to determine whether the effect of 
sampling method on indicator values was influenced 
by natural gradients or by the extent of human 
influence, pairwise differences in TR- and RW-derived 
indicator values were plotted against watershed area, 
elevation, mean channel slope, % fast-water habitat in 
the sample reach, and PCA1. 

Condition assessments.-Use of a spatially balanced 
probability process for site selection in regional stream 
surveys is well documented (Herlihy et al. 2000, 
Stevens and Olsen 2004). In short, each EMAP site in 
California represented a portion of the total perennial 
wadeable stream length in the state, and the status of 
the total stream population was inferred from the 
sample data. Our purpose here was not to report on 
the condition of wadeable streams in California per se, 
but rather to present a comparison of condition 
assessments based on TR and RW sample types and 
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to evaluate how robustly TR-derived indicators could 
be used to assess RW-derived samples. The R statistical 
program (R Foundation for Statistical Computing, 
Vienna, Austria; http:/ /www.R-project.org) and an R 
contributed library (psurvey.analysis, www.epa.gov I 
nheerl/ arm) were used to plot the cumulative distri
bution of B-IBI and 0/E scores in the population of 
wadeable streams in California. Cumulative distribu
tion functions (CDFs) and their 95% confidence 
intervals were used to evaluate whether assessments 
derived from different combinations of sample type 
and indicator produced similar stream-condition as
sessments in California. 

Results 

Metrics comparisons 

Metrics showed similar responses to stressor gradi
ents regardless of whether they were calculated from 
TR or RW samples (Table 1, Fig. 2). In most cases, 
relationships were slightly tighter (r2

) when metrics 
were calculated from RW samples. Interquartile ranges 
of TR and RW samples were strongly overlapping (Fig. 
3). Of the 4 metrics for which medians differed 
significantly different between sample types (Mann
Whitney U, p < 0.05), adjustments in scoring ranges to 
account for sample-type differences had little or no 
effect on resulting B-IBI scores. For example, predator 
richness was most different between TR and RW 
sample types (p < 0.0001; Fig. 3). This metric is used in 
the southern coastal California B~IBI where scoring 
ceilings were set as the soth percentile of the reference
site distribution (Ode et al. 2005). The 8oth percentile of 
reference-site predator richness was 13 for TR samples 
and 15 for RW samples. Therefore, consequent 
adjustments in overall metric and B-IBI scoring were 
minute. Current California B-IBis were used as tl1e 
biological endpoints in within-site precision compari
sons even though the B-IBis were developed with data 
from TR samples because of the similar responses of 
TR- and RW-derived metrics to stressors and similar 
ranges of raw metric values. 

MDD 

The MDD for B-IBI values adjusted to a 100-point 
scale was 15.5 for the RW sampling method and 19.7 
for the TR sampling method (Figs 4A, B). Thus, we 
have a 90% chance of detecting a 15.5-point difference 
between RW-based B-IBI scores or a 19.7-point 
difference between TR-based B-IBI scores at a p-value 
<0.05. The RW method was slightly more precise than 
the TR method, but the difference in MDD between the 
2 methods was small. 
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Six sites were excluded from MDD estimates for 0 I 
E scores because of low sample counts in at least one of 
the replicates after reduction of taxon lists to OTUs 
used by the index, so our estimate of average within
site variance in 0/E scores was slightly less robust 
than for B-ffii. The 0/E MDD ranged from 0.19 to 0.31, 
depending on sample type and probability-of-capture 
threshold (0/E0 vs O/E50; Figs SA-D). 

Pairwise comparisons of B-IBI and 0/E scores 

B-ffii scores calculated from TR and RW sample 
types were highly correlated (Fig. 6A), as were 0 IE 
values (Figs 6B, C). Pairwise differences between TR 
and RW B-IBI and 0 IE scores were usually less than 
the corresponding within-method MDD (~83-92% 
agreement depending on the indicator and sampling~ 
method; Table 2). When pairwise differences exceeded 
MDD, values for TR samples were more often higher 
than those for RW samples when B-IBI and 0/E50 

were used as biological endpoints, but this pattern was 
not observed when 0/Eo was used as the endpoint 
(Table 2, Fig. 7). 

TR- and RW-derived indices discriminated equally 
between reference and test sites (Fig. 8). Discrimination 
between reference and test sites was illustrated 
separately for northern and southern coastal California 
because the large number of high-quality EMAP test 
sites in the north coast obscured otherwise good 
discrimination observed in the south coast when all 
data were plotted together. TR- and RW-derived 
indices also showed similar responses (sensitivity) to 
a multivariate stressor axis (PCA1; Table 3, Fig. 9). 

In general, little or no systematic bias was observed 
in pairwise differences between indicator scores in 
relation to watershed area, elevation, mean slope, % 
fast-water habitat in the sample reach, or PCAl (Fig. 
7). At the highest elevations, at sites with the largest 
watersheds, and where the sampling reach was 
predominantly slow water (>80%), 0 IE 50 scores 
usually were higher if calculated from TR samples 
rather than RW samples (see ellipses in Fig. 7). 
However, many of these pairwise differences did not 
exceed the MDD for each combination of indicator and 
sampling method, and the trends were based on few 

FrG. 2. Example dose-response relationships of benthic 
macroinvert~brate (BMI) metrics to stressor gradients. 
Metrics calculated from targeted-riffle (TR) samples are 
shown on the left, and the same metrics calculated from 
reach-wide (RW) samples are shown on the right. r2 values 
are from ordinary linear and upper-bound (UB) regressions. 
TN = total N, EPT = Ephemeroptera, Plecoptera, and 
Trichoptera taxa. 

data points. In no case was the pairwise difference in 
B-IBI or OlEo scores related to the natural or 
disturbance gradients we tested. 

Condition assessments 

Condition assessments for perennial streams in 
California based on TR and RW sample types collected 
at probability-survey sites were nearly identical for B
IBI and 0/Eo (Figs lOA, B). CDFs of indicator scores 
derived from each sample type were strongly over
Tapping, and each sampling method's CDF was within 
the 95% confidence interval of the other. Agreement in 
condition assessments based on TR and RW sample 
types was 'lower when O/E50 was used as the 
biological indicator, but the RW curve was still almost 
always within the 95% confidence interval of the TR 
curve (Fig. lOC). This greater difference implies that it 
may be less appropriate to apply a TR-derived 0/E50 

index than a B-IB I or an 0 !Eo index to RW samples 
because only the most common riffle taxa (i.e., taxa 
with site-specific probabilities of capture ;::::0.5) are 
included. 

Discussion 

As the popularity of BMI -based bioassessment has 
grown, interest also has grown in comparability 
between benthic data sets collected with different 
sampling protocols and in the precision associated 
with these protocols. Targeted-riffle and reach-wide 
BMI samples have been collected .at thousands of sites 
across tl1e western USA, but little guidance is available 
for understanding 1) the extent to which raw data sets 
can be combined in regional or large-scale analyses, 2) 
the degree of precision afforded by each method, or 3) 
the efficacy of cross-application of biological indicators 
derived from one sample type to the other. We used 
several approaches to address these issues and noted 
only minor systematic differences in indicator values 
between sample types across a range of stream types 
and levels of impairment. In addition, our documen
tation of performance characteristics for TR and RW 
sampling may help agencies establish assessment 
(condition) criteria that reflect true differences in 
assessment scores. 

Sensitivity to stressor gradients 

Few studies have compared the responses of metrics 
calculated from different sample types to stressor 
gradients. Klemm et al. (2003) found that riffle metrics 
were significantly correlated with more stressors than 
were pool metrics in the EMAP survey of Mid-Atlantic 
Highland streams. Even so, Klemm et al. (2003) were 
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FIG. 4. Replicate benthic index of biotic integrity (B-IBI) 
scores calculated for 3 reach-wide (RW) samples collected at 
15 sites (A) and 3 targeted-riffle (TR) samples collected at 15 
sites (B). Replicates were used in estimation of minimum 
detectable difference (MDD) for each method. 

able to use identical metrics for separate riffle and pool 
samples to develop a regional B-IBI, and had to adjust 
only the metric scoring scales to account for habitat 
differences. Using the same data set, Gerth and 
Herlihy (2006) found considerable differences between 
BMI assemblages in riffle and pool samples and found 
that Ephemeroptera, Plecoptera, and Trichoptera (EPT) 
richness and taxon richness were higher in riffles than 
in pools. Despite these overall differences, assessments 
(i.e., percentages of sites in either good or poor 
biological condition based on EPT richness) were not 
substantially influenced by sample type. 

In our study, metrics calculated from TR and RW 
showed similar responsiveness to various stressors 
and similar scoring ranges, indicating that raw data 
from these 2 sample types can be combined in 
development of regional B-IBis. We presented only a 
few examples of individual metric responses to 
stressors, but we conducted similar comparisons for 
>70 BMI metrics and found no consistent differences 
in metric sensitivity to stressor gradients depending on 
whether they were derived from TR or RW samples. 
Parsons and Norris (1996) did not evaluate metric 
responsiveness, but found considerable data redun
dancy between riffle and edge samples collected in 
wadeable streams in the Australian Capital Territory, 
and that 0 IE indices based on either sample type (or 
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FIG. 5. Replicate observed-to-expected (0/E) index of 
taxonomic completeness scores calculated as O/E0 (A, C) 
and O/E50 (B, D) for 3 reach-wide (RW) samples collected at 
12 sites (A, B) and 3 targeted-riffle (TR) samples collected at 
12 sites (C, D). Replicates were used in estimation of 
minimum detectable difference (MDD) for each method. 
Subscripts on 0 IE ratios indicate site-specific probabilities of 
capture >0 or 2::0.5 (0/Eo and O/E50, respectively). 

combined samples) were equally capable of detecting 
biological impairment. Together, these results do not 
support the hypothesis that certain disturbances have 
a more pronounced effect on biota in certain habitats 
that might go undetected were only a single habitat 
sampled. However, these results might not extend 
beyond wadeable streams. For example, Blocksom and 
Flotemersch (2005) found that metrics significantly 
correlated with stressor gradients varied among 5 
sampling methods for nonwadeable streams in Ken-
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100 tucky and Ohio and concluded that raw data were not 

1=0.73 interchangeable. 

80 n = 191 Method precision 
~ (i) Indicators derived from different sampling methods 0 
(.) 60 may have equal precision, but may not necessarily en 

C) produce identical site assessments (Cao and Hawkins 
I 2006, Hawkins 2006). We chose MDD as the measure 

C) 40 of method precision because it provided a statistical , 

~ (i) criterion to evaluate whether indicators calculated 
Q from TR and RW samples produced equivalent site 

20 ll> 0 
0 assessments. Classification strength (Van Sickle 1997) 0 <b A 

0 or sampling-method comparability (Cao et al. 2005) 
(iO can be used to quantify the comparability of raw taxa 0 

0 20 40 60 80 100 lists collected with different sampling methods, but 

TR 8-181 score 
similarity analyses provide no statistical criterion to 
determine whether assessment endpoints differ be-

1.6 
tween sampling methods. Moreover, low taxonomic 

., similarity does not necessarily result il1 disagreement 
0 between metric or B-IBI scores derived from different 

1=0.58 " sample types. The coefficient of variation (CV) of 

~ 
1.2 n = 187 i11dicator values among reference sites also has been 

0 used to estimate sampling-method precision, but has 
(.) 0 the disadvantage that it incorporates among-site en 

0 variation in addition to sampling error. 
w 0.8 
0 Estimates of all indicator v;;~lues (B-IBI, O/E0, 0/ 

0 E50) derived from RW samples were slightly more 
~ e Oil precise than those derived from TR samples (Figs 4, 5). 0 

~ 0.4 Between-method differences in MDD were usually 

8 small, but RW-derived indicators (B-IBI, O/E0, or 0/ 
E50) were capable of detecting -1 more condition 

0;0 
category than TR-derived indicators (as determined by 

0.0 0.4 0.8 1.2 1.6 
dividing the indicator scoring range by MDD). 
Contrary to bioassessment dogma, targeted-habitat 

TR 0/E 0 score samplil1g did not reduce within-site sampling error 
relative to multil1abitat sampling, and thus, RW 

1.6 sampling may provide water-resource agencies with 

r=o.61 
slightly more sensitive i11dicators. We suggest the 
following potential explanations for this observation: 

Q) 1.2 n.= 187 1) the RW protocol sampled an additional 0.27 m2 of 
.... 0 substrate compared to the TR protocol, and the added 
0 
(j sampling effort may have been sufficient to produce en 

0 slightly more precise indicators; 2) the RW protocol, in 
"' w 0.8 which sampling was more systematic and spatially 

-... balanced, may have reduced sampling error compared 0 

~ 
0 Cl 

0.4 +-
o G e 

0.~0 e FIG. 6. Correlations between benthic index of biotic 
0 c integrity (B-IBI) scores (A), observed-to-expected (0 /E) 

index of taxonomic completeness O/E0 (B) and O/E50 (C) 
0.0 scores calculated from targeted-riffle (TR) and reach-wide 

0.0 0.4 0.8 1.2 1.6 (RW) sample types. Subscripts on 0/E ratios indicate site-

TR 0/E 50 score 
specific probabilities of capture >0 or :;:::0.5 (0/E0 and O/E50, 

respeCtively). 12 values are from ordinary linear regressions. 
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TABLE 2. Sununary of pairwise differences in biological indicator scores calculated from targeted-riffle (TR) and reach-wide (RW) 
sample types, and the percentage (number) of sites where pairwise differences exceeded minimum detectable difference (MDD); n = 
191 for benthic index of biotic integrity (B-IBI) comparisons, n = 187 for observed-to-expected (0/E) index of taxonomic 
completeness comparisons. Subscripts on 0/E ratios indicate site-specific probabilities of capture >0 or 2::0.5 (0/Eo and O/E50, 

respectively). 

Summary of pairwise differences in indicator scores 

Range in absolute differences 
Mean absolute difference 
% of sites exceeding TR MDD: 

RW scored higher 
TR scored higher 

%.of sites exceeding RW MDD: 
RW scored higher 
TR scored higher 

to the TR protocol, in which eligible sample habitats 
were chosen by field crews; 3) riffle taxa may have had 
patchier distributions than taxa in other habitats in the 
streams, making TR-derived indicators more suscepti-

Q) 
'-
0 

'(.) rn 
0::: 

O,St··--···::2-~~~:=;:;··--······ .. 
:;: 0 0 --... ..-~.--:::,. ...... . . ··~~ .... .. 

0
!:!::! ........•. !_. ...... ,;.~:~:-~-~--~~;:'lL .... 

• ·: •• ! 

-0.5] .. 

·1.0+--..,.....--,.-..,---,-..., 

0.5. .. .. •:., . . 

~ 
.. 
~~.;;:-;_ -~_···;······=~······ .. ··· .. -----...... ,. ..•.. , .. _ ..... . 
:;~."" .~... ·. /. ·• \ 
'•··:·····: .... ·:-:y_···L;·/·•····•· 

• ••· • , __ ;.<" 

]· 
. . 

B-IBI OlEo 0/Eso 

0-31.4 0-0.93 0-0.75 
7.8 0.13 0.1 

1.5% (3) 3.7% (7) 2.7% (5) 
6.8% (13) 4.3% (8) 11.2% (21) 

2.6% (5) 9.1% (17) 3.7% (7) 
8.9% (17) 6.9% (13) 13.4% (25) 

ble to sampling error and, therefore, less precise. In 
any case, TR and' RW sample types may have 
sufficiently similar precision from a PBMS perspective 
(Diamond et al. 1996) for comparable assessment 
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FIG. 7. Pairwise differences in benthic index of biotic integrity (B-IBI) and observed-to-expected (0/E) index of taxonomic 
completeness scores calculated from targeted-riffle (TR) and reach-wide (RW) sample types in relation to selected natural and 
disturbance gradients. Subscripts on 0/E ratios indicate site-specific probabilities of capture >0 or 2::0.5 (0/E0 and 0/E50, 

respectively). Horizontal dashed lines show the lowest minimum detectable difference (MDD) for each biological indicator. 
Pairwise differences between 0 and either the lower or upper MDD lines are not statistically significant. Ellipses were drawn 
subjectively and show potential conditions where indicator scores fron:t TR samples are consistently higher than scores from RW 

, samples, although many points in the ellipses do not represent statistically significant pairwise differences. PCA1 = principal 
components analysis axis 1. 
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FIG. 8. Discrimination of benthic index of biotic integrity 
(B-IB!) and observed-to-expected (0/E) index of taxonomic 
completeness scores between reference (ref) and test sites 
based on reach-wide (RW) and targeted-riffle (TR) sample 
types. Subscripts on 0 /E ratios indicate site-specific proba
bilities of capture >0 or 2::0.5 (0/E0 and 0/E50, respectively). 
Discrimination is illustrated by region because of the high 
frequency of good-quality test sites in nor.thern coastal 
California. Symbols are as in Fig. 3. 

results derived from either method (but see Cao and 
Hawkins 2006 for a fuller treatment of comparability 
issues). 

Pairwise comparisons 

On average, pairwise differences between TR and 
RW sample types for any indicator were much less 
than either method's MDD (Table 2). Our preliminary 
evaluations of raw metrics and the relatively high 
assemblage similarity between TR and RW sample 
types (Gerth and Herlihy 2006) indicated that riffle 
biases may not be present. The slight tendency for TR
derived indicators to 'overestimate impairment if 

TABLE 3. Loadings of stressor variables on the first 
principal components axis (PCA1; 55% of total variance 
explained). 

Variable 

% sand and fines 
Conductivity 
Log10 total N 
Qualitative channel alteration 
Local road density 

Axis1 

0.45 
0.46 
0.53 

-0.43 
0.36 

applied to RW samples (Fig. 7) may be because riffles 
tend to have more taxa than other habitats. Given 
equal sampling effort, taxa should accrue more rapidly 
in TR samples than in RW samples. However, in the 
western EMAP survey, EPT richness did not differ 
between riffle and reach-wide samples and taxon 
richness was higher, on average, in reach-wide 
samples than in riffle samples (Gerth and Herlihy 
2006). Therefore, the small riffle bias we observed may 
be partly because we used TR-derived indicators for 
comparisons. 

Gerth and Herlihy (2006) observed decreasing Bray
Curtis similarity between TR and RW sample types as 
% fast-water habitat in the sampling reach decreased. 
However, we did not observe substantial increases in 
pairwise differences in indicator scores as% fast-water 
habitat decreased, even for 0/E (which is more akin to 
Bray-Curtis similarity than B-IBI). At the highest 
elevations, at sites with the largest upstream water
sheds, and at sites with the most human influence, 0 I 
E50 scores were almost always higher when calculated 
from TR samples than from RW samples, but the 
pairwise differences usually did not exceed within
method sampling error (MDD). Therefore, evidence for 
systematic biases in relation to natural and disturbance 
gradients is not strong. 

Condition assessments 

Condition assessments were nearly identical when 
based on B-IBI and 0/Eo (Figs lOA, B), but were less 
similar when based on O/E50 (Fig. lOC). Therefore, 

FIG. 9. Responsiveness of benthic index of biotic integrity 
(B-IBI) and observed-to-expected (0/E) index of taxonomic 
completeness based on targeted-riffle (TR) and reach-wide 
(RW) sample types to a composite stressor axis from 
principal components analysis (PCA1). Composite axis 
includes 5 stressor gradients: % sand and fines, conductivity, 
total N, qualitative channel alteration, and local road density. 
r2 values are from ordinary linear regressions. Subscripts on 
0/E ratios indicate site-specific probabilities of capture >0 
or 2::0.5 (O/E0 and 0/E50, respectively). 
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cross-application of indicators may be most appropri
ate when analyses are based on entire taxa lists. 
Winnowing taxonomic data sets to include only the 
most common taxa from a single habitat (riffles) may 
exaggerate differences between sample types, al
though it does produce more precise models. There
fore, a tradeoff may exist between greater accuracy 
and precision in models that exclude rare taxa and 
greater sample-type comparability in models that 
include rare taxa. Compromise models (e.g., models 
in which taxa with a predicted probability of occur
rence 2:25% define expected conditions) may balance 
the tradeoff between model precision and cross
application of biological indicators. 

Our results also are generally consistent with the 
results of other studies, including those of Hewlett 
(2000) who found that riffle, edge, and combined
habitat samples produced similar classifications of 165 
sites in Victoria, Australia, and that taxonomic 
resolution was the most influential feahtre affecting 
patterns in reference-site data. Ostermiller and Haw
kins (2004) found that 0 IE indices generated from 
targeted-riffle cf. timed multihabitat samples collected 
from wadeable streams in western Oregon and 
Washington were approximately equally precise. 
Ostermiller and Hawkins (2004) did show that 
assessments based on different habitat types some
times resulted in different site-specific inferences of 
impairment, but that agreement improved as subsam
ple size increased. For example, the percentage of test 
sites classified as impaired differed by only 1% when 
sample counts were 2:400 individuals. 

In sum, broad-scale methods comparisons have 
consistently shown that analyses of BMI assemblages 
are robust to habitat differences and generally produce 
consistent stream-condition assessments and classifi
cations. Therefore, the potential advantages of com
bining TR and RW samples for large-scale analyses, or 
of directly comparing assessment results based on 
either sample type, may greatly outweigh the appar
ently small problems associated with data compatibil
ity. Development of accurate method-specific 

<-

FIG. 10. Estimated cumulative distributions of benthic 
index of biotic integrity (B-IBI) scores (A), observed-to
expected (OlE) index of taxonomic completeness 0/Eo (B), 
and 0 /E50 (C) scores in perennial wadeable streams in 
California. Subscripts on 0/E ratios indicate site-specific 
probabilities of capture >0 or 2::0.5 (0/E0 and O/E50, 

respectively). Biological indicators were calculated from both 
targeted-riffle (TR) and reach-wide (RW) sample types. 95% 
confidence intervals of the TR curves are shown for 
comparison. 

performance characteristics requires substantial data, 
but agencies may wish to conduct within-site repeat
ability analyses in ecoregions other than northern 
coastal California before they determine that combined 
data sets are appropriate for their program-specific 
needs. 
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Executive Su111111ary 
Biological communities integrate the effects of different pollutant stressors such as excess 
nutrients, toxic chemicals, increased temperature, and excessive sediment loading and thus 
provide an overall measure of the aggregate impact ofthe stressors. Biological communities 
respond to stresses of all degrees over time and, therefore, offer information on perturbations not 
always obtained with episodic water chemical measurements or discrete toxicity tests. The 
central purpose of assessing the biological condition of aquatic communities is to determine how 
well a water body supports aquatic life. waterauaJity 

The diversity and condition of 
biological communities reflect overall 
ecological integrity (i.e., chemical, 
physical, and biological integrity). 
Therefore, bioassessment results 
directly assess the status of a 
waterbody relative to the primary goal 
ofthe Clean Water Act (CWA). 
Biological assessments are cmcial to 
evaluating ecosystem health and 
provide crucial water quality planning 
information for managing more 
complex water quality problems (see 

graphic listing uses in water quality 
programs). 

Point Source 
Discharge Permitting 

(CWA§402) 

Wet Weather 
Discharge (CSOs, 

Stormwater) 

Listing of Impaired 
Waters 

(CWA §303d) 

Standards and 
Criteria 

(CWA§303c) 

Hazardous 
Waste Site 

Assessments 
(CWA§104e) 

No;~:~~!~~~;c.J'le ~? l~ Evaluation and 
(CWA §319) Permitting of Habitat 

Modifications 
(CWA§404) 

Marine Point ,---~=~~=---'----1 
Source Sewage 

Discharge Treatment 
Permitting Plant 

(CWA §403c) Discharges 
In Marine 
Waters 

(CWA§301h) 

Marine 
Protection and 

Sanctuaries 
Act- Ocean 

Dumping 
(MPRSA) 

Use ofBioassessmentin State Water Quality Programs 

The purpose of this report is to document the salient inforn1ation on the variety ofbioassessment 
programs in California for streams, and to provide recommendations for a universal movement 
toward a standardized bioassessment program that will serve several entities, especially the 
SWRCB and R WQCBs. Key findings of this study and report are: 

• California has over 200,000 miles of streams and rivers throughout its vast network of 
mountains and valleys. 

• Ranked as the second state in number of stream/river miles (Alaska having the highest 
number), California is in its infancy in terms of viable biological assessment and monitoring 
to assess ecological condition. 

• The State Water Resource Control Board (SWRCB) and the nine Regional Water Quality· 
Control Boards (RWQCB), who are responsible for implementing water quality standards for 
California=s surface waters, have only recently begun to apply biological assessment 
principles to their monitoring programs. 

• To date, only a few selected instances in regulatory actions have occmTed where biological 
information was used to support management decisions. 

• The broader regulatory initiatives, such as measuring the attainment of Aquatic Life Use 
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designations as mandated by Section 305(b) of the CWA, has not relied on biological 
assessments in California. 

• The last decade has been an important period of advancement and refmement of stream 
biological assessment for California. 

• As a general data-gathering tool used for problem identification (i.e., not used for regulatory 
purposes), bioassessments have been conducted at over 3000 sites by a multitude of 
agencies, universities, and other entities. 

• Dissimilarities in techniques and purposes for the bioassessments have precluded a universal 
comparability and data integration effort. 

• Five candidate programs exist in California that have scientifically valid and robust methods, 
and have similar purposes and scope, which could provide the framework for the 
implementation of a statewide bioassessment approach. 

• This reports documents 36 bioassessment programs, representing 22 government agencies 
(including tribes), 4 universities, 2 municipalities, and 8 environmental interest groups. 

• The method developed by the California Department ofFish and Game (CDFG), known as 
the California Stream Bioassessment Procedure (CSBP) is the most widely used throughout 
the state, with more than 2500 sites sampled. 

o Lahontan RWQCB Sites 
* DFG ABL Sites 
t:. USGS NAWQA sites 
• Central Valley REMAP sites 
® USFS sites 

El 

Stream Bioassessment Sites Sampled by Candidate Programs 
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Recommendations include: 
• consideration of multihabitat methods to improve detection of non-chemical perturbations 
• continuing to collect replicate bioassessment samples for the purpose of precision estimates, 

and possibly reducing the number of replicates to two or three as a compromise between 
statistical power and cost. 

• closer interaction between the SWRCB and DFG-ABL and SNARL to consider evaluating 
its extensive ecological database for proceeding with characterizing reference conditions. 

• creating a statewide database ofbioassessment data that can accommodate the large quantity 
of data that will be produced in California. 

• combining the resources of a statewide database and CAMLnet in order to provide California 
with a consistent and standard framework for calibrating biological indicators for use on a 
statewide basis. 

• appointing a full-time SWRCB employee to manage the statewide database and provide 
technical support to database users throughout California. 

• developing viable biological indicators and endpoints for assessing biological condition 
• incorporating bioassessment into California's water quality regulatory programs 
• making funding available for a concerted, statewide bioassessment program. 
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STREAM BIOASSESSMENT: 

Chapter 1 A FRAMEwoRK FoR MoNITORING 

Biological assessments of aquatic communities, also referred to as bioassessments, are rapidly 
becoming a critical tool for water quality monitoring and are gaining popularity among 
scientists, resource managers, and decision makers alike. To fully understand the concept of 
bioassessments, it is important to know not only what they are, but also to understand the 
rationale for conducting them and how they can be used as a decision-making tool. The 
following text describes the rationale for conducting bioassessments including; 1) definitions of 
bioassessment and biocriteria, 2) utility ofbioassessment as a decision-making tool, 3) success 
ofbioassessment programs in other states, and 4) limitations. The application ofbioassessment 
in California as well as the objectives ofthis report are described in this chapter. 

1.1 The Role of Bioassessment in Water Quality Determination 

State and tribal water resource agencies in the U.S. have developed bioassessment approaches 
that have added an important dimension of ecological understanding to their already over
burdened and under-funded monitoring programs (Barbour 1997). The central purpose of 
assessing the biological condition of aquatic communities is to detern1ine how well a water body 
supports aquatic life (Barbour et al. 1996a). Biological communities integrate the effects of 
different pollutant stressors such as excess nutrients, toxic chemicals, increased temperature, and 
excessive sedi111ent loading, and thus provide an overall measure of the aggregate impact of the 
stressors. Use of information about ambient biological communities, assemblages, and 
populations to protect, manage, and even exploit water resources has been developing and 
evolving for the past 150 years (Davis 1995). Despite this long history, it has only been in the 
last decade that a widely accepted technical framework has evolved for using biological 
assemblage data for assessment of the water resource (Barbour et al. 1996a). 

1.1.1 Definition of Bioassessment and Biocriteria 

Biocriteria are narrative descriptions or numerical values adopted into state or tribal water 
quality standards that can be used to factually and quantitatively describe a desired condition for 
the aquatic life in waters with a designated aquatic life use. The purpose ofbiocriteria is to 
establish standards based on biological characteristics that will protect the designated aquatic life 
use that can be used to direct water quality management. Biocriteria are developed by biologists 
and other natural resource scientists using accepted scientific principles to characterize the 
regional reference conditions for the different water bodies found within a state or tribal nation. 
Biocriteria depend on bioassessments as the scientific basis for making informed decisions 
regarding the aquatic resource. Bioassessment, on the other hand, is an evaluation of the 
condition of a waterbody using biological surveys and other direct measurements of the resident 
biota (i.e., fish, macroinvertebrates, periphyton). This report will focus primarily on 
bioassessments using benthic macroinv.ertebrates. 

Chapter 1: Stream Bioassessment: A Framework for Monitoring 
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Bioassessments -
directly measure the response of a biological 
community to disturbance and restoration actions. 
establish a benchmark of expected conditions. 
provide indication of impairment from multiple 
and cumulative stressors. 

Biocriteria-
assist in setting state water quality standards. 
help shift the emphasis of preservation and 
restoration goals from performance-based 
standards to impact-based standards. 

• assist in setting restoration goals. 

1.1.2 Utility of Bioassessment as a Decision-making Tool 

Biological assessment provides crucial water quality planning infonnation for managing 
complex water quality problems. Biological assessment serves four primary functions or uses: 

1. Screening or initial assessment of conditions 
2. Characterizing the magnitude of impairment 
3. Assisting in the diagnosis of causes to impairment 
4. Monitoring of temporal trends to evaluate improvements or further degradation 

States and tribes are faced with the challenge of developing monitoring tools that are both 
appropriate and cost-effective, and that will provide comprehensive survey coverage of their 
water resources (Barbour 1997). The purpose for a water resource agency to establish an 
effective assessment and monitoring program is fourfold: 

I. Assess attainment ofwater quality standards (per CWA §305[b]) and listing of 
impaired waters (per CWA §303[d]). 

2. Identify causes and sources of impairments to support control strategy development 
including Total Maximum Daily Loads, or TMDLs, (e.g., use of biological response 
signatures- see Yoder and Rankin 1995, Simon 2002). 

3. Evaluate changes in water quality in response to ongoing management actions to 
gauge level of success and guide strategy revisions. 

4. Involve the public to increase their understanding of the environment, build working 
relationships and trust, and increase infonnati_on available on water quality and 
stressors. 

The advent ofbioassessment in regulatory programs has provided a more comprehensive and 
effective monitoring and assessment strategy, which is described in detail in USEPA's Clean 
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Water Action Plan (USEPA 1998). In many instances of impairment, biological measures are 
better than chemical measures at reflecting the condition of the aquatic ecosystem (NRC 2001). 
Consequently, the use ofbioassessments and biocriertia in state and tribal water quality 
standards programs has become a top priority of the U.S. Environmental Protection Agency 
(USEPA 2000). As such, one ofthe agency's objectives is to ensure that all states and tribes 
develop water quality standards and programs that use bioassessment infonnation to evaluate the 
condition of aquatic life in all waterbodies (USEPA 2000). Furthermore, the development .of 
biological criteria (biocriteria) within regulatory programs to serve as thresholds by which to 
judge the attainment of designated aquatic life conditions of surface waters is a major focus of 
states and tribes within the US (Barbour et al. 2000). 

1.1.3 Success of Bioassessment Programs in other States 

The last decade has been a period of progressive advancement in the development and 
implementation ofbioassessment in the US. In 1989 when the Rapid Bioassessment Protocols 
were first introduced to state programs (Plafkin 1989), very few states and no tribes had viable 
bioassessment programs in place. In 1994, twenty states were beginning a biological monitoring 
program for streams and rivers, and fourteen states had biological programs in place (Davis et al. 
1996). However, only eleven were developing or had developed biocriteriabased on their 
monitoring programs. In contrast, by the year 2000, most states had established biological 

~ Bioassessment program is implemented on a statewide basis 

[EJ Bioassessment program focuses primarily on specific basins throughout the state 

0 Statewide bioassessment program is still under development 

Figure 1. Current status of bioassessment programs (USEPA 2002, Draft). 
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monitoring programs for streams and rivers, and were developing or had developed quantitative 
biocriteria. As of 2001, only three states, including Califomia, have yet to establish a concerted 
bioassessment program (Figure 1), and halfofthe states have at least 10% oftheir 
streams/rivers assessed for biology (Figure 2). The states and tribes that have been the most 
progressive in developing biocriteria based on biological assessment include Idaho, Ft. Peck 
Affiliated Tribes, Maine, Vennont, Maryland, Ohio, Florida, Arizona, and Oregon. The 
development ofbioassessment and biocriteria for bodies of water other than streams or rivers is a 
more recent phenomenon. 

ll!l >50% 

IJll 26-50% 

~ 10-25% 

[] < 10% 

D Unknown 

Figure 2. Percent of stream/river miles assessed using bioassessments (USEPA 2002, Draft). 

Biocriteria programs begin with the development of a bioassessment framework. Expertise in 
ecological principles and resource investment by the agency is required to develop this 
framework and to implement biocriteria. State agencies vary in their investment of resources 
and effort in this process. In addition, the time frame for development, calibration of a biological 
indicator for assessment, and implementation is dependent upon resource investment and the 
ability to gather and compile data. Most states are able to develop the technical framework for 
bioassessment in less than five years (e.g., Arizona, Florida, Maryland, Wyoming). 
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1.2 Application of Bioassessment and Biocriteria in California 

Historically, the use ofbioassessment data in California water regulations and decision-making 
has not been a high priority. One of the first management actions was in 1993 when the 
Lahontan Regional Water Quality Control Board (RWQCB 6) required the use ofEPA's Rapid 
Bioassessment Protocols in a fish hatchery permit. Furthermore, in 1993 the California 
Department ofFish and Game's Water Pollution Control Laboratory in Rancho Cordova began 
building the infrastructure necessary to develop biocriteria, includh1g an Aquatic Bioassessment 
Laboratory (ABL) with field and laboratory capabilities large enough to support the 
bioassessment needs of the State and Regional Boards and other water resource management 
agencies. In addition, they developed and promoted standardized field and laboratory protocols 
(California Stream Bioassessment Procedure (CSBP)) for assessing biological integrity in 
wadeable streams and rivers. Since that time, bioassessment has steadily increased in use in 
water resource decision-making. Presently, bioassessment is used as an additional tool to 
NPDES and stormwater permitting to supplement the chemical and toxicological information 
obtained to address chemical standards. The recent organization of California's Surface Water 
Ambient Monitoring Program (SWAMP) is providing the impetus to implement a better 
organized and standardized biological assessment and monitoring program throughout the state. 
Current concerns over hydroaugmentation and use attainability analyses of targeted waterbodies 
will foster a greater dependence upon bioassessment information in making informed decisions 
regarding the protection and restoration of California's streams. 

This project is an extension of the SWAMP program and is an attempt to identify and 
characterize viable bioassessment programs in California's streams. As such, five objectives 
were articulated for directing this project and resulting report. They are as follows: 

1. Summarize the historical significance of stream bioassessment in California (1992-
2000). Bioassessment development is historically varied and diverse in California. 
During this period, application of biological survey and assessment techniques was 
highly oriented toward watersheds and differed among regions of California. 

2. Provide an overview of current statewide bioassessment efforts (2000-present). With the 
advent of improved technological advances in bioassessment, certain methods and 
procedures have come to the forefront as methods of choice for broad-scale assessments. 

3. Highlight candidate programs that can serve as foundations for bioassessment in 
California. A few candidate programs encompass the concept and purposes of 
bioassessment, such that they are viable models for developing a statewide bioassessment 
approach. 

4. Discuss the future direction of stream bioassessment in California. Ideally, a single 
bioassessment approach will emerge that best represents a method that can be used by 
various agencies and other entities to judge the biological condition, and thus ecological 
health, of California's streams. 

Chapter 1: Stream Bioassessment: A Framework/or Monitoring 
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5. Assist in guidance for database development. A uniform database to compile and house 
the multitude ofbioassessment data provides a mechanism for integrating ecological data 
for statewide assessments. The database becomes a central repository where quality 
control of data integrity and taxonomic standardization can be conducted to ensure 
comparability. 
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STATUS OF STREAM BIOASSESSMENT 

Chapter 2 AcTIVITIEs IN CALIFORNIA 

The information presented herein does not constitute a comprehensive overview of all 
bioassessment activities conducted in California. The inforn1ation required to complete this 
section was requested on a volunteer basis; however, only a small fraction of the entities and 
agencies conducting bioassessments in California responded with sufficient information. On the 
other hand, the information we collected is indeed representative of a wide range of rigor and 
interdisciplinary programs, and consequently, it provides a good overall picture of the nature of 
bioassessment programs throughout California. For more detailed information on specific 
programs summarized in this section, see Appendix A. 

Prior to the 1990's, bioassessment programs were few and far between in California. The only 
well established long-term bioassessment program in California at this time was that designed 
and implemented by the California Department of Water Resources (DWR) Northern District. 
The DWR began collecting bioassessment data circa 1975 and has sampled approximately 100 
sites per year. Other than the DWR program, there has been little or no documented information 
about broad-scale bioassessment programs in California prior to 1992. Historically, the use of 
bioassessment data in water quality program decisions and management actions has been 
virtually non-existent. California's State Water Resource Control Board (SWRCB) and 
RWQCBs have relied primarily on chemical and toxicological information to support 
man?~gement actions. 

In the early- to mid-nineties, however, California saw a handful of new bioassessment programs 
develop across the state. In 1992, the United States Geologic Survey (USGS) began 
implementation of the first of a series of three broad-scale bioassessment programs in California 
as part of the National Water Quality Assessment (NA WQA) Program. Also in 1992, the 
California Department ofFish and Game's Aquatic Bioassessment Laboratory (ABL) began 
conducting projects covering many different applications ofbioassessment throughout the state. 
Then in 1993, ABL distributed a set of standard protocols for assessing biological and physical 
conditions of wadeable streams, the California Stream Bioassessment Procedure (CSBP), which 
is a regional adaptation of the USEPA Rapid Bioassessment Protocols. In 1994, the United 
States Environmental Protection Agency (USEP A) initiated a broad-scale Regional 
Environmental Monitoring and Assessment Program (REMAP) bioassessment project in the 
Central Valley to test the applicability of the national Environmental Monitoring and Assessment 
Program (EMAP) approach to answer questions about ecological conditions at regional and local 
scales. In 1995, the Lahontan Regional Water Quality Control Board (RWQCB) began a 
bioassessment program to monitor the success of remediation efforts at the abandoned Leviathan 
Mine. 

By the year 2000, many had discovered the benefits of conducting bioassessments, and 
bioassessment programs began sprouting up all over the state, ranging from state agencies to 
watershed organizations and even volunteer monitoring groups. Coordination among the 
various groups and agencies collecting bioassessment data began in earnest over the past two 
years. Consequently, a statewide approach to bioassessment has identified a need, so that 
differences in results reflect ecological differences, not just differences in methodologies. 

Chapter 2: Stream Bioassessment in California 
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2.1 The California Aquatic Bioassessment Workgroup (CABW) 

In 1994, DFG, in cooperation with the State Water Resources Control Board and with funding 
from the U.S. EPA, established the California Aquatic Bioassessment Workgroup (CABW) as a 
forum for researchers, agency personnel and private consultants working in the field of 
freshwater biological assessment to communicate and exchange information regarding their 
work. The three-day meetings provided an opportunity for various state and federal agencies 
conducting bioassessments in California to update the group on their activities. The State and 
Regional Boards also discussed ways that they envisioned using bioassessment data in their 
regulation of water quality. At the first meeting, held in September of 1994, DFG set up a 
workgroup to review the 1993 edition of the California Stream Bioassessment Procedure 
(CSBP), assembled a steering committee to produce a Statement of Purpose for the CABW and 
established an on-going workgroup for defining reference stream criteria. 

By the second meeting in 1995, the revisions to the CSBP for wadeable streams and the 
Statement of Purpose formulated by the steering committee were finalized. The Statement of 
Purpose outlined four specific objectives of the CABW: 

1. Develop consistent, sound methodological approaches to aquatic bioassessment by (a) 
defining and testing sets of procedures for sampling aquatic communities; (b) establishing 
reference conditions; (c) developing quality assurance and quality control procedures; and 
(d) advancing analytical procedures, such as effective use of appropriate metrics and 
indices. 

2. Provide a mentoring and support network concerning technical and professional issues for 
workgroup participants. The workgroup members envisioned frequent bioassessment 
workshop where techniques and issues could be presented and participants could network 
with each other.. 

3. Facilitate communication by (a) enhancing interagency cooperation; (b) providing an 
electronics communication platform; (c) disseminating pertinent technical literature; and 
(d) promoting discussion of findings and bioassessment issues. 

4. Promote the incorporation of usable data gathered by volunteer monitoring groups into 
agency bioa,ssessment programs. 

The California Aquatic Macroinvertebrate Laboratory Network (CAMLnet) was forn1ed in 1995 
as a workgroup of the CABW with two missions: 1) to provide a fmum for sharing technical 
expertise and experience among laboratories perfonning bioassessments in California and 2) to 
serve as .a technical advisory body to the CABW and the California State Bioassessment 
Procedure (CSBP). Although CAMLnet was created as an advisory group to the CABW, its 
coverage includes all issues related to freshwater macroinvertebrate taxonomy and laboratory 
procedures. CAMLnet membership consists of private laboratories, tribal, state and federal 
agencies and universitypersonnel. 
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One of CAMLnet' s major roles is to standardize the levels of standard taxonomic effort used in 
bioassessments using the CSBP. CAMLnet produced the first edition of the CAMLnet List of 
Standard Taxonomic Effort (LSTE) in 1999. CAMLnet also sponsors taxonomic workshops to 
exchange taxonomic expertise, improve taxonomic precision and increase standardization for 
difficult taxonomic groups. 

The objective of the 1996 meeting was to formulate the process for developing biocriteria in 
California. A workgroup was formed to address the regulatory need for California to have a 
biocriteria program and at the end of the meeting, an informal discussion concluded that 
implementation ofbiocriteria would probably be long in coming and that it most certainly would 
come after all the supporting science was in place. Also at that meeting, DFG distributed the 
1996 version of CSBP, introduced, for review, the CSBP for Citizen Monitors and announced 
that the CABW web site was up and running. 

The CABW continued its annual meetings from 1997 through 1999 providing a forum for 
updating the attendees on the status ofbioassessment in California and presenting examples of 
bioassessment projects throughout the United States and even Australia. New workgroups were 
established and others were terminated. The reference stream criteria workgroup ended after 
three years because the work was dependent on volunteer efforts that were too difficult to 
support. Many other workgroups met for one or two years to review or gather input for the 
following issues: 

• Identification of funding sources and programs which could promote biocriteria 
development; 

• Review and finalization of revisions ofLaboratory and QA/QC Procedures for the 1999. 
version ofthe CSBP; 

• Formulation of an electronic data processing and storage platform; 
• Technical support to citizen monitors and a bioassessment procedure for educational 

purposes; 
• Use ofbioassessment in water regulation and PERC re-licensing; 
• Use ofbioassessment in the California's Stormwater Management Program; 
• Use ofbioassessment in TMDL development and implementation; 
• Assessment of the potential for applying the Rivers Invertebrate Prediction and Classification 

System (RJVP ACS) model to California bioassessment data. 

By the year 2000, many bioassessment programs supported by the State and Regional Boards 
and other water resource agencies needed a forum to present and gather input on their data and 
interpretation of the results. To accommodate this, DFG changed the seventh and eighth CABW 
meeting from a three-day workgroup session to two-day platform presentation and panel 
discussion format. This format was successful in bringing more state and national bioassessment 
programs to the attention of an expanding audience and providing examples of how 
bioassessment data was being used in various programs. For the 2002 CABW meeting, DFG 
returned to the three-day workgroup format consisting of the following sessions: 

• The EPA's Environmental Monitoring Program (EMAP) in California and How Water 
Resource Managers Can Use the Information 
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• The Use ofBioassessment in Developing and Implementing Total Maximum Daily 
Loads (TMDLs) 

• Developing Biocriteria and How Water Resource Managers Can Use an Index of 
Biological Integrity (IBI) 

• Diagnosil1g Aquatic Resource Impainnent Using Chemical, Toxicological, Physical and 
Biological Tools 

Early in the history of the CABW, the Steering Committee identified the need for professional 
training in bioassessment. In response, the Sustainable Land Stewardship Institute International 
(SLSII) adapted a very successf1Il training program for citizen monitors into two three-day 
workshops aimed at a professional audience. Since 1996, more than three hundred water 
resource professionals and monitoring coordinators have had extensive training on the concepts 
ofbioassessment in California, use of the CSBP, how to contract public and private laboratories 
to process bioassessment samples, and how to interpret bioassessment data. The annual CABW 
meetings and the SLSII bioassessment trainings have been the core elements responsible for 
introducing the concepts ofbiocriteria and standardized bioassessment procedures in California. 

2.2 Federal Programs 

Several federal agencies are cunently collecting bioassessment data throughout the State, most 
of which are large-scale programs. Federal agencies currently collecting bioassessment data are 
the US Geologic Survey (USGS), the US Environmental Protection Agency (USEPA), the US 
Forest Service (USFS), and the Bureau of Land Management (BLM). Since all of the agencies 
collect bioassessment data using candidate methods and are covered more thoroughly in Chapter 
3, limited discussion will be afforded to those programs in this section. 

Beginning in 1992, USGS has conducted two basin-scale bioassessment projects, and is in the 
process of conducting a third, as part of the National Water Quality (NAWQA) Program. The 
San Joaquin-Tulare Basin project was completed in 1995 and the Sacramento Basin Project was 
completed in 1998. The Santa Ana Basin Project began in 1998 and was not yet completed at 
the time this report was written (2002). 

The US Environmental Protection Agency (USEPA) has conducted a broad-scale bioassessment 
project throughout the Central Valley as part of their Regional Environmental Monitoring and 
Assessment Program (REMAP). Biological data were collected for two years (1994-1995) at 
approximately 87 sites in the Sacramento-San Joaquin River Valley to test the applicability of 

· the nationwide Environmental Monitoring and Assessment Program (EMAP) approach to 
answering questions about ecological conditions at regional and local scales. USEPA is also 
collecting bioassessment data in California as part of the EMAP Western Surface Water pilot 
study, which is a five-year research and monitoring project to assess the ecological condition of 
streams and rivers throughout the Western U.S. However, because this project has only recently 
begun and is still several years away from completion, more effort was focused on the completed 
REMAP study in this report. 

The. US Forest Service (USFS) has conducted numerous small-scale bioassessment studies 
throughout the State in the past; however, virtually all bioassessment monitoring has been for 
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specific projects, with little regional perspective or application. Furthermore, different regional 
branches often conducted bioassessments using different sampling methods and were not 
coordinated with other branches. It was not until 2000 that they began a more consistent, 
standardized, scientifically credible, region-wide effort to address region-wide issues, such as 
watershed restoration. 

2.3 State Agency Programs 

Several state agencies have begun to utilize macroinvertebrate bioassessments for a variety of 
purposes. The California Department ofFish and Game's (CDFG) Aquatic Bioassessment 
Laboratory (ABL) utilizes bioassessment data in their Enforcement Case Program to measure 
deleterious effects to biological communities resulting from pollution events. Furthermore, ABL 
initiates bioassessments for numerous reasons when conducting special studies, such as the 
Consumnes River Watershed study and the Martinez Creek study. This program will be 
discussed in much greater detail in Chapter 3. 

The State Water Resources Control Board utilizes bioassessment as part of their Federal Energy 
Regulatory Commission (PERC) Hydroelectric Relicensing and Repair Program to help 
determine compliance with the Clean Water Act and to assess water quality impacts. Under this 
program, licensees are requested to use rapid bioassessment to help determine impacts to water 
quality and beneficial uses~ Furthermore, they use bioassessments in conjunction with water 
quality monitoring to determine the impacts of hydroelectric repair projects. 

The California Department of Parks and Recreation has implemented bioassessment as part of 
their Natural Resources Inventory, Monitoring, and AsE:essment Program (IMAP) to assess water 
quality and the condition of aquatic ecosystems in state parks. Additionally, the project aims to 
assess the bioassessment findings in relation to steelhead and other aquatic organisms inhabiting 
these streams. 

The Department of Water Resources (DWR) has been conducting bioassessments since 1975 as 
part of their responsibility per the California Water Code to determine the quality of the waters 
of the State. The primary objectives of their program are to provide long-term background 
information, to determine water quality based on types and abundance of individual species, and 
to monitor impact assessment and PERC relicensing of major DWR hydroelectric facilities. 

2.4 State and Regional Water Quality Control Board Programs 

Several Regional Water Quality Control Boards (RWQCB) have recently implemented 
bioassessment programs to assess the condition of streams within their jurisdiction. 
Only in its second year, the San Francisco Bay RWQCB (Region 2) has already collected 
bioassessment data from 72 sites throughout six watersheds. The primary purpose of this 
program is to establish screening-level ambient biological and physical monitoring in the 
region's streams along with chemical and toxicity monitoring, as well as establish reference 
conditions. Secondary purposes include impact characterization, pre- and post-project 
characterization, and support of regional efforts at habitat classification. 
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Since 1998, the Central Coast RWQCB (Region 3) has been using bioassessment as part of their 
Central Coast Ambient Monitoring Program (CCAMP). In this program, bioassessment is used 
in conjunction with other water quality monitoring approaches to characterize all watersheds 
throughout the region and to evaluate the effectiveness of best management practices (BMPs) in 
the Morro Bay Watershed. 

The Los Angeles RWQCB (Region 4) is currently funding a bioassessment project to detennine 
the biological health of streams relative to land use in three watersheds (Malibu, Calleguas, and 
Santa Clara). The University of California Los Angeles (UCLA) is conducting the project, 
which began in the Fall 2001 sampling season. Furthermore, Region 4 recently initiated a 
bioassessment program as part oftl1e Surface Water Ambient Monitoring Program (SWAMP), 
whereby both site-specific monitoring goals and tl1e regional monitoring goals have been 
integrated into one ambient monitoring program. The information gathered will be used to 
identify impaired beneficial uses, as well as potentially in the development of an index of 
biological integrity. 

The Central Valley RWQCB- Sacramento (Region 5) began their stream bioassessment program 
in Fall2000. The goal oftl1is project is to provide a first step at identification of aquatic life 
stressors and associated development of ecological indicators in agriculturally dominated and 
effluent dominated waterbodies in the Central Valley. 

Starting in 1995, the Lahontan RWQCB (Region 6) began collecting stream bioassessment data 
in order to monitor the success of the remediation efforts at the abandoned Leviathan Mine. In 
1999, a more concerted, region-wide bioassessment program was implemented: 1) to establish 
regional reference conditions, 2) to assess the impacts of human activities on the biological 
integrity of streams and rivers, 3) to evaluate the effectiveness of restoration eff01is, BMP 
implementation, and pern1it conditions, and 4) to develop narrative and numeric biocriteria. The 
primary objective of this program is to incorporate consideration ofbiological integrity into the 
many regulatory and watershed management functions of the Lahontan RWQCB. This program 
will be discussed in much further detail in Chapter 3. 

The San Diego RWQCB (Region 9) initiated a bioassessment program in 1998 to support the 
ambient monitoring program and to provide baseline data on the benthic macroinvertebrate 
community in regional streams. The bioassessment program will evaluate the biological and 
physical integrity of targeted inland surface waters, and is designed to meet an obligation to 
assess the condition of the Region's waters relative to the attainment of water quality standards. 

It should be noted that the North Coast RWQCB (Region 1) have also been conducting stream 
bioassessments throughout their region. However, since they chose not to pmiicipate in our 
report, we are unable to provide any details about their program. 

2.5 Countywide Programs 

Many counties have also begun utilizing bioassessments in their Clean Water Plans. The 
Alameda Countywide Clean Water Program (ACCWP) began using bioassessments in 1998 to 
support stonnwater management activities in Alameda County creeks. The Alameda County 
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Flood Control and Water Conservation District sponsors the program, which focuses on 
providing watershed characterization, assessment, and trend monitoring data, and on ensuring 
compliance with NPDES permit requirements. 

The Contra Costa Monitoring and Assessment Plan (CCMAP) began using bioassessment in 
2001 as part of a long-term strategy that builds on previous special studies and data collection 
efforts. CCMAP is designed to assess the conditions of watersheds, water bodies, and water 
quality within Contra Costa County. CCMAP entails further characterization of watersheds and 
sub-watersheds, and the development of strategically placed monitoring stations where rapid 
bioassessment data can provide a valuable screening device to determine where water quality 
and watershed health are degraded or have the potential for degradation. 

The Marin County Department of Public Works incorporated bioassessment in the form of a 
macroinvertebrate survey into the Marin County Stormwater Pollution Prevention Program in 

., 1999. The primary focus of this survey is to provide data on watershed characterization, 
assessment, and trend monitoring. 

The Ventura County Flood Control Department (VCFCD) began conducting bioassessment after 
the Regional Board inserted the requirement in the NPDES MS4 permit during the permit 
renewal. The County has created a program under consultation with CDFG and has conducted 
bioassessment at 12-14 stations throughout the Ventura River Watershed, which is much more 
extensive than the requirements placed in the MS4 permit. The main purpose ofthis program is 
to assess the biological condition of the Ventura County Watershed and to ensure compliance 
with NPDES permit requirements. 

2.6 Municipal Programs 

Both the City of San Jose and the City of San Diego began conducting stream bioassessments to 
assess water quality. The City of San Jose uses bioassessment data to establish a baseline 
condition of the benthic macroinvertebrate community prior to the release of recycled water into 
streams. The City of San Diego uses bioassessment data to assist the city's Metropolitan 
Wastewater and Storm Water Departments in assessing water quality. Furthermore, they also 
use bioassessment data to determine biological recovery after toxic events, such as sewage spills, 
and to assist other agencies with their bioassessment needs. 

2. 7 Watershed Organization Programs 

There are over 100 watershed organizations located throughout the state of California, many of 
which incorporate bioassessments into their watershed protection/restoration strategies. While 
summarizing each individual program is not possible, we chose to include a few representative 
examples to indicate how and why bioassessments are being used by watershed organizations. 

The Feather River Watershed Monitoring Program (FRWMP) began conducting bioassessments 
in 1999 with the purpose of obtaining and making available baseline and continuing data from 
which trends in watershed health can be measured. The FRWMP is a project of the Feather 
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River Coordinated Resource Management Group, which is a consortium of21 public and private 
agencies and land management entities. 

The Friends of Deer Creek began collecting bioassessment data in 2000 as part ofthe Deer Creek 
Watershed Bioassessment Program. The primary focus of this program is to assess the ambient 
condition of the watershed and to evaluate stream restoration efforts. Additionally, they provide 
data to community members and decision makers in order to support watershed protection and 
restoration. 

The McCloud River Preserve began collecting bioassessment data in 1998 at the citizen level, 
and then in 1999 at the professional level. The primary focus of the program is to document and 
analyze the aquatic macroinvertebrate community in the McCloud River and to use the 
information in conjunction with on-going water quality research to provide a baseline review of 
the state of aquatic resources within the watershed. 

The Reeds Creek/Red Bank Creek Watershed Program is a citizen-based bioassessment program 
overseen by the Tehama County Resource Conservation District. The program focuses on 
detem1ining the lorig-tem trends in watershed conditions for Reeds and Red Ban1c Creeks 
through volunteer collected mabroinvertebrate data. Both volunteers and students have been 
collecting bioassessment data since 2001. 

The Upper Putah Creek Watershed Management Program began collecting bioassessment data in 
2000, which is funded by a 319(h) grant administered by the Placer County Resource 
Conservation District. The program focuses on training and supervising citizen volunteers to 
monitor impacts to Upper Putah Creek and its tributaries and translate findings into restoration 
projects for the Stewardship to implement. 

The South Yuba River Citizens' League began collecting bioassessment data in2001 in order to 
assess ambient water quality throughout the Yuba River Watershed. The program trains 
volunteers to collect bioassessment data, which are used to educate community members and to 
provide data to decision makers for supporting watershed protection and restoration. 

2.8 Tribal Programs 

Several Native American Tribes across the State have recently begun conducting their own 
bioassessement programs to monitor water quality on Tribal lands. Both the Hoopa Tribe and 
the Yurok Tribe utilize rapid bioassessments as part of their ambient water quality monitoring 
programs. The Pit River Tribe, Smith River Rancheria, and several other tribes are still in the 
development phase of their water quality programs but plan to include bioassessment as part of 
their monitoring strategies in the near future. 

2.9 Other Programs 

There are various other programs/projects throughout California that utilize bioassessments, 
most of which are research oriented. For example, the Santa Clara Valley Project collected 
macroinvertebrate data from 14 streams in the Santa Clara Valley from May 1997 to October 
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1998. The primary focus of the project was to establish the relationships between benthic 
macroinvertcbrate assemblage composition and physical and chemical factors associated with an 
urban environmental setting. Furthermore, the project aimed to develop a baseline data set 
representing the distribution ofbenthic macroinvertebrates in the Santa Clara Valley, which can 
also be used for evaluating the level of field and laboratory effort needed to conduct 
bioassessments. 

Additionally, several universities (i.e., UC Davis, UC Berkeley, UC Santa Ba,rbara, UC Los 
Angeles) have all been involved in conducting various bioassessment projects. The scope of 
these projects ranges from students' theses to private consulting projects for Regional Boards. 
For example, the Tahoe Research Group, which is a cooperative between UC Davis and The 
Tahoe Conservancy, is conducting a research project to quantify the effects of anthropogenic 
habitat degradation and restoration on stream insects in the Tahoe basin. The results of the study 
will provide necessary information for adaptive management land use decisions and for 
determining the feasibility of using benthic macroinvertebrates as biological indicators in sub
alpine streams. 

Some industries, such timber harvesting, have also discovered the utility ofbioassessments and 
began using them to monitor their impacts on the environment For example, Scotia Pacific 
Company has been conducting extensive bioassessments over several years as part of their 
Habitat Conservation Plan requirements. 
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STATUS OF STREAM BIOASSESSMENT 

Chapter 3 AcTIVITIEs IN CALIFORNIA 

A few key programs in California encompass the concept and purposes ofbioassessment, such 
that they are viable models for developing a statewide bioassessment approach. Five candidate 
stream bioassessment programs were identified in California based on the rigor of their scientific 
methods and the extent and relevancy of the data collected thus far. To qualify as a candidate 
program, each bioassessment program must: 1) utilize scientifically credible methods for data 
collection and processing, and 2) have collected a relatively large set of reliable data across a 
broad spatial and/or temporal scale. The following bioassessment programs in Califomia meet 
these criteria: 1) California Department ofFish and Game (CDFG) Aquatic Bioassessment 
Laboratory (ABL) Program, 2) Lahontan Regional Water Quality Control Board Bioassessment 
Program, 3) U.S. Forest Service's Pacific Southwest Region Bioassessment Program, 4) U.S. 
Geological Survey's National Water Quality Assessment (NA WQA) Program, and 5) U.S. 
Environmental Protection Agency's Environmental Monitoring and Assessment Program 
(EMAP)/Regional Environmental Monitoring and Assessment Program (REMAP). However, it 
should be mentioned that the CDFG ABL provides a bioassessment support service to the state 
and regional boards, as well as other programs and agencies. The ABL provides sampling, 
taxonomic identification, and training support on a regular basis. The method developed by the 
ABL, the California Stream Bioassessment Procedure (CSBP) is currently the most widely used 
stream bioassessment method in California. 

3.1 Summary of Candidate Programs 

Each of the five candidate programs is summarized based on six major attributes: contact person, 
sampling method, timeline of sampling, data availability, purpose, and a brief desc1iption. More 
comprehensive summaries outlining key program elements such as habitat selection, sampling 
gear, sampling method, area sampled, replication, subsampling and enumeration, taxonomic 
identification, quality assurance procedures, data analysis/metrics, habitat assessment, and 
purpose for monitoring can be found in section 3.2- Comparison of Key Elements of Candidate 
Programs. 

3.1.1 California Department of Fish and Game (CDFG) Aquatic 
Bioassessment Laboratory- California Stream Bioassessment 

. Procedure (CSBP) 

The program of the California D'epartment ofFish and Game, Aquatic 
Bioassessment Laboratory is designed to both investigate pollution events and 
to support other studies, particularly those of the R WQCBs. CDFG has been 
instrumental in developing technical resources and conducting numerous 
bioassessment studies, and in assisting with the design and collection of data 
for various otherbioassessment programs throughout California since 1993. 
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Contact Person: James Harrington, State Water Quality Biologist, DFG Water Pollution 
Control Laboratory, 2005 Nimbus Road, Rancho Cordova, Ca 95670 (916) 358-2862 FAX (916) 
985-4301 jharring@ospr.dfg.ca.gov 

Sampling Method: California Stream Bioassessment Procedure (CSBP) Rapid Bioassessment 
Protocol (RBP) 

Timeline ofSampling: 1992 -present 

Data Availability: Approximately 2500 sites statewide. 

Purpose of Bioassessment: 
• Enforcement and resource damage assessment 
• Use attainability 
• Ambient monitoring 
• Special studies and research 

Description: DFG was the first water resource agency to be asked to assess the condition of a 
freshwater stream using the U.S. EPA's Rapid Bioassessment Procedure (RBPs) (Plafkin et al. 
1989). The Lahontan Board requested the assessment in 1993 as part of the NPDES requirement 
of the DFG Hot Creek Hatchery in Mono County. The request necessitated the need to adapt the 
RBPs to California and the resulting protocol became the California Stream Bioassessment 
Procedure (CSBP). Because the CSBP was developed for a point-source assessrmmt, it 
incorpora.ted the use of replicated sampling of a single, richest habitat. Although not consistent 
with the RBP, DFG decided on 'this procedure for the following reasom': a) the immediate need 
for bioassessment was for point-source assessments, enforcements and diagnosis of known, but 
undocumented water quality impairment; b) there was no interest, at that time, in using 
bioassessment as an ambient monitoring tool; and c) the ability to produce a measure of 
biological metric variability at every monitoring site was deemed necessary to convince water 
resource managers of the robustness of biological assessments. 

The CSBP is a regional adaptation ofthe U.S. Environmental Protection Agency (EPA) Rapid 
Bioassessment Protocols (Barbour et al. 1999). The CSBP was reviewed and refined by a 
CABW workgroup in 1994 and 1995 resulting in an updated version in 1996. The CSBP for 
wadeable streams and rivers has remained consistent over the years and is recognized by the U.S. 
EPA as California's standardized bioassessment procedure (Davis et al. 1996). Since 1993, the 
ABL has processed nearly 9000 samples collected using the CSBP at more than 2500 sites 
throughout California. Thousands of additional CSBP samples have been collected and 
processed by other entities. In addition to the CSBP for wadeable streams and rivers, as of 2002, 
there are versions of the CSBP for non-wadeable streams (draft), citizen monitors, lentic 
environments (California Lentic Bioassessment Procedure), and there is a modification of the 
CSBP in which samples are composited for sites that are part of an ambient bioassessment 
program (this CSBP modification has been adopted by the Nevada DEQ). 
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In addition to the numerous special studies they conduct, CDFG investigates situations where 
reports of activities or pollution events in the surrounding watershed may have adversely 
impacted stream integrity and/or stability. 

3.1.2 Lahontan Regional Water Quality Control Board Biological 
Assessment Program - Sierra Nevada Aquatic Research Laboratory 
(SNARL) Method 

The primary objective of this program is to incorporate consideration of 
biological integrity into the many regulatory and watershed management 
functions ofthe Lahontan RWQCB. 

Contact Person: Thomas J. Suk, Regional Monitoring Coordinator, 
California Regional Water Quality Control Board, Lahontan Region, 2501 
Lake Tahoe Blvd., South Lake Tahoe, CA 96150. Phone: (530) 542-5419; 
Email: <tsuk@rb6s.swrcb.ca.gov> 

Sampling Methods: Prior to 2000, all samples were collected following protocols developed by 
Dr. David Herbst at the University of California's Sierra Nevada Aquatic Research Laboratory 
(SNARL). Starting in 2000, the Lahontan RWQCB began using and evaluating three different 
bioassessment sampling methods: (1) benthic macroinvertebrates, periphyton, and physical 
habitat assessments following SNARL protocols; (2) California Stream Bioassessment 
Procedures (CSBP) developed by CDFG; and (3) RIVPACS protocols being used in the Sierra 
Nevada by the U.S. Forest Service 

Timeline of Sampling: 1995- present 

Data Availability: Approximately 350 surveys have been conducted at 200 sites in the Lahontan 
Region using the SNARL method. At 40 of those 200 sites, sampling was conducted using three 
methods (e.g., SNARL, CSBP, RIVPACS) to facilitate quantitative comparison ofthe results 
provided by each of those three methods. At approximately 30 other sites (throughout the eastern 
Sierra Nevada) samples were collected using both the SNARL and RIVPACS methods, and at 20 
other sites (all in the Walker River drainage) samples were collected using both the SNARL and 
USEPA-REMAP methods. Most of this data is not yet available, and lab identification and 
quality assurance procedures are still underway. 

Purpose of Bioassessment: 
• To establish regional "reference conditions" for benthic macroinvertebrates and 

periphyton in streams and rivers 
• To assess the impacts of human activities on the biological integrity of streams and rivers 
• To evaluate the effectiveness of stream & wetland restoration efforts, BMP 

implementation, and permit conditions 
• To develop numeric targets for TMDLs 
• To develop narrative and numeric biocriteria 
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Description: The Lahontan RWQCB began using bioassessment in 1995, in order to monitor the 
success of remediation efforts at the abandoned Leviathan Mine. A more concerted (i.e., region
wide) bioassessment program was begun in 1999, for the multiple purposes outlined above. 

The current regional-scale effort is focused on developing reference conditions (based on benthic 
macroinvertebrates and periphyton) for the eastern Sierra "ecoregion," which covers six major 
watershed basins (e.g., Truckee River, Tahoe Basin, Carson River, Walker River, Mono Basin, 
Upper Owens River). Streams in this ecoregion were stratified based on stream order, and · 
minimally impaired sites were selected from each class of streams. Sampling has been conducted 
during the summer reference period (i.e., late June to early September), using protocols 
developed by Dr. David Herbst of the University of California's Sierra Nevada Aquatic Research 
Laboratory. As of this writing (i.e., 2001 ), the effort has focused on data collection and lab 
identifications; analyses of the data for biocriteria are pending. Several project-specific reports 
have also been generated (Upper Truckee, Leviathan, Squaw sediment TMDL)(Herbst 2002a, 
Herbst 2002b, Herbst 2002c). 

The Lahontan.RWQCB, via contract with the University of California (SNARL), is also using 
bioassessment data to: (I) evaluate the effectiveness of several stream & wetland restoration 
projects (e.g., Upper Truckee River, Bagley Valley); (2) evaluate the effectiveness ofBMP 
implementation (e.g., Upper West Walker River, Bridgeport Valley); (3) monitor the success of 
remediation efforts at Leviathan Mine; ( 4) verify and/or assess the effectiveness of regulatory 
permits (e.g., fish hatcheries, Grover Hot Springs State Park); and (5) develop targets based on 
benthic macroinvertebrates for sediment TMDLs (e.g., Squaw Creek, Heavenly Valley Creek). 

3.1.3 U.S. Forest Service- Pacific Southwest Region (California) 
Bioassessment Program 

The focus ofthis program is on establishing reference conditions by collecting 
macroinvertebrates from a network ofboth perennial and intermittent 
wadeable streams throughout the ent:lre state of CA, mainly on Forest Service 
lands. There are 18 national forests in the region (Angeles, Cleveland, 
Eldorado, Inyo, Klamath, Lassen, Lake Tahoe Basin Management Unit, 
Mendocino, Modoc, Plumas, San Bernardino, Sequoia, Shasta-Trinity, Sierra, 
Six Rivers, Stanislaus and Tahoe) 

Contact Person: Joseph Furnish, Ecosystem Conservation Division, 1323 Club Drive, Vallejo, 
CA 94592 

Sampling Method: Hawkins, Ostermiller, and Vinson (1998) 

Timeline of Sampling: 2000 -present 

Data Availability: Approximately 176 sites in 2000 and 85 sites in 20011ocated in the following 
watersheds: Klamath- North Coastal; Sacramento; Tulare-Buena Vista; San Joaquin; Central 
Lahontan; Central California Coastal; South California Coastal; North Mojave- Mono Lake. 
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Plllpose of Bioassessment: 
• Development ofbiocriteria and bioassessment protocol 
• Monitoring of impacts from timber harvest, grazing and mining activities 
• Ensure compliance with the Clean Water Act 
• TMDL implementation 
• Reference site characterization 

Description: The primary effort has been on establishing reference conditions by collecting 
macroinvertebrates from a network of both perennial and intermittent wadeable streams, which 
can serve as the basis for monitoring biological condition and determining whether water quality 
has been degraded compared to reference conditions. Reference conditions will be based on 
development of a predictive RIVPACS (River In Vertebrate Prediction And Classification 
System) model. Standard EPA metrics will also be considered for use if it is determined that 
they are sensitive to disturbances at the site and watershed (approximately 10,000-50,000 acre) 
scale. 

3.1.4 U.S. Geological Survey: National Water Quality Assessment 
(NAWQA) Program 

The U.S. Geological Survey (USGS) implemented the National Water
Quality Assessment (NA WQA) Program to describe the status of and trends 
in the quality of the nation's surface water and ground water and to provide 
scientific understanding of the natural and human-induced factors that affect 
water quality. · 

Contact Person: Larry Brown, Placer Hall, 6000 J St, Sacramento, CA 
95819-6129 

Sampling Method: USGS NA WQA 

Timeline of Sampling: San Joaquin-Tulare Basins 1992-95; Sacramento Basin 1995-98; Santa 
Ana Basin 1998-Present. 

Data Availability: 17 sites in San Joaquin-Tulare Basins; 23 sites in Sacramento Basin; and 4 
sites in Santa Ana Basin. 

Purpose of Bioassessment: 

• Describe current water-quality conditions for a large part of the Nation's freshwater 
streams 

• Describe how water quality is changing over time 

• Improve our understanding of the primary natural and human factors affecting water 
quality 
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Description: Since 1991, the NAWQA program has been collecting and analyzing data and 
information in more than 50 major river basins and aquifers across the nation. The goal is to 
develop long-term consistent and comparable information on streams, ground water, and aquatic 
ecosystems to support sound management and policy decisions. Three major river basins in 
California were assessed as part ofthis program: 1) Sacramento Basin, 2) San Joaquin-Tulare 
Basins, and 3) Santa Ana Basin. 

3.1.5 U.S. Environmental Protection Agency Central Valley Regional 
Environmental Monitoring and Assessment Program (REMAP) 

The Central Valley REMAP project focuses on assessing the biological 
integrity of agriculture-dominated waterbodies located throughout 
California's Central Valley, which comprises more than 48,000 miles of 
surface water and 16 percent of the land area of California. 

Contact Person: Peter Husby, USEPA Region 9 Laboratory, 1337 S. 46th 
St.; Bldg. 201, Richmond, CA 94804 

Sampling Method: USEPA EMAP, Lazorchak :md Klemm (1994) 

Timeline of Sampling: 1994-1995 

Data Availability: Approximately 87 sites in the Sacramento-San Joaquin Valley, covering 
approximately 24,000 square miles. 

Purpose of Bioassessment: 
• Support State of CA bioassessment and monitoring 
• Assess the biotic condition of surface waters in a highly modified agriculturally 

influenced ecosystem. 
• Determine variability of aquatic organisms in natural and man-made conveyances within 

the Central Valley. 

Description: REMAP was initiated to test the applicability of the EMAP approach to answer 
questions about ecological conditions at regional and local scales. Using EMAP's statistical 
design and indicator concepts, REMAP conducts projects at smaller geographic scales and in 
shorter time frames than the national EMAP program. EMAP is a research program to develop 
the tools necessary to monitor and assess the status and trends ofnationa1 ecological resources. 
EMAP's goal is to develop the scientific understanding for translating environmental monitoring 
data from multiple spatial and temporal scales into assessments of ecological condition and 
forecasts of the future risks to the sustainability of our natural resources. The objectives of 
REMAP are to: 1) evaluate and improve EMAP concepts for state and local use, 2) assess the 
applicability ofEMAP indicators at differing spatial scales, and 3) demonstrate the utility of 
EMAP for resolving issues of importance to EPA Regions and States. 
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3.2 Comparison of Key Elements of Candidate Programs 

A series of key elements were identified and compared among the five candidate programs. 
More specifically, a comparison matrix was assembled and the following elements were listed 
and compared: habitat selection, sampling gear, sampling method, area sampled, replication, 
replication as quality assurance/quality control (QA/QC), subsampling and enumeration, 
taxonomic level of identification, QA procedures, data analysis/metrics, and habitat assessment 
(Table I). Data availability/mode of storage, written protocol availability, purpose of 
monitoring, and additional comments were also included but not compared in any detail as they 
provide very little useful information for what we are trying to accomplish in this section. 
Furthermore, wherever possible, the precision of each method was calculated for comparison. 

3.2.1 Major Similarities and Differences Among Methods 

Although all of the programs collect benthic macroinvertebrate samples to measure water 
quality, each has a unique goal, or question, that they are trying to address. Therefore, these 
differences in program goals often translate into differences in program methods. Conversely, 
similarities in program goals often lead to similarities in the methods. The following section 
briefly describes the similarities and dissimilarities of eight bioassessment method elements: 
habitat selection, sampling gear, collection method, area sampled, replication, subsampling and 
enumeration, taxonomic identification, and habitat assessment. 

Habitat Selection 

Most of the candidate programs focus the majority, if not all, oftheir sampling effort on riffle or 
fast-water habitats. Both CSBP and SNARL methods focus all of their sampling effort on riffle 
habitat. In addition to the riffle (or richest-targeted) habitat sample, USGS NA WQA also takes a 
separate multi-habitat sample whereby all habitats present in the reach are sampled with a 
proportional amount of effort going to each habitat based on occurrence in the reach. The USFS 
takes a similar approach in that, in addition to fast-water habitat sampling, it also collects a 10-
minute qualitative sample whereby the 1 0-minute sampling period is apportioned so that each of 
the habitat types is sampled roughly in proportion to their occurrence. 

The USEP A EMAP approach is slightly different from all other programs in that the amount of 
sampling effort is not subdivided based on habitat type, but rather the entire reach is subdivided 
by a number of cross-sectional transects and a sampling location is selected for each transect. 
Therefore, whatever habitat type is present at the selected point will be sampled. Samples 
collected from riffle and run habitats are composited into one sample and samples collected from 
pool and glide habitats are composited into another. 
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f( lit< s B. p ro grams 
USEPA Central Valley R- US Forest Service Dept. Fish & Game (CSBP) SNARL/Lahontan 
EMAP 

Habitat . Reach determined as 40 . Fast-water (Almost always . Stream reach selected Riffles within 150m study 
Selection times the wetted width ri files, runs may also be which contains at least 5 reach. 

with a minimum reach sampled}, four riffles within the same 
length of 150 meters and consecutive areas within order and relative 
maximum length of500 the sample reach. gradient. 
meters. . Reach length may vary . If no riffles are present, or 

from about 200-500 less than five within a 

meters reasonable distance, 
EMAP selection method 
is used as default. 

Sampling Rectangular net 50 em wide, Surber sampler (0.09 m'), 500 30 em wide 0-shaped kick net 30 em wide 0-frame net (250 
Gear 500 (.1111 mesh. (.1111 mesh, !-meter long net to (500 (.lm mesh) 1-1m mesh) 

prevent backwashing 

Collection . Samples collected at 9 . Fixed area sample is One composite of 3 samples is Each sample is a composite of 
Method evenly spaced transects composed of 8 Surber collected from the upstream 3 samples taken from each of 5 

within reach. samples (4 riffles x 2 third of 3 randomly chosen randomly selected riffles. . Com posited as riffle/run samples from each riffle} riffles. 
or glide/pool, 0-9 samples . l 0-minute qualitative 
per composite. sample from all major 

habitats present. 

Area . Area per sample is- 0.5 . Total area sampled per Total area sampled per Total area sampled per 
Sampled l112 fixed area composite= composite= 0.54 m2 composite= 0.27 m2 . Area per composite is 0.72 m2 Total area sampled per site= Total area sampled per site= 

variable depending on . Total area sampled for 1.62 m2 1.28 m2 

proportion of habitat type fixed time samples 
sampled. variable. 

Replication . No site replicates. . No site replication using 3 randomly-selected samples 5 randomly-selected riffles 
the same methods. taken at each site from each site 

Replication as . Same season, different 
QAIQC team revisits (2 sites) . Next year revisits (I 0 

sites). 

-
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USGS (NA WQA) 
I . All habitats in selected 

reach (QMH sample) . "Richest-targeted sample" 
(RTH sample) with riffles 
being the priority habitat 
and woody debris 
sampled when riffles not 
available. 

. RTH: .5 m x .25m net 
with 425 (.1111 mesh. . QMH: standard d-frame 
net with 210 (.lm mesh. . RTH: composite of 
samples from 5 locations 
within rimes. . QMH: equal effort in all 
habitats present in entire 
reach. Time variable 
(usually I hr). . RTH: Total area sampled 
per composite = I .25 m2 . QMH: Total area sampled 
variable 

Limited replication . 

. Replication limited to a 
subset of 4-6 sites . 3 samples are collected at 
each site 
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Table 1. C fK, 
J 

El for Calif< St B. tP ( f d) ro grams, , 
USEPA Central Valley R- US Forest Sen•ice Dept. Fish & Game (CSBP) SNARL/Lahontan 
EMAP 

Subsampling . Random subsampling to . Composite samples are divided . 300 organisms for ID. . Subsampling using 
And 300 organism into equal-sized proportions and . All organisms in grid are rotating drum splitter 
Enumeration count/identification all organisms are removed from counted for abundance . Minimum count of entire 

each sub-sample until a split= 250 organisms, 
minimum of 500 specimens (actual range= 300-
(early data was 300) have been 500) 
obtained from a complete sort of . Big/rare organisms are 
I or more subsamples. also removed . Big/rare specimens are also 
removed from the entire 
remaining sample during a I 0-
minute examination . 

Taxonomic • .Lowest taxon possible . Insects are primarily identified to . Insects are primarily . Lowest taxon possible 
Level ofiD . Genus, species, or the genus level. identified to the genus . Genus, species, or species 

species group (including . Chironoinidae are identified to the level. group (including 
Chironomids and Mites). sub-family level. . Chironomidae are identified Chironomids and . Non-insect invertebrates identified to the sub-family leveL Mites). 

to various levels depending on . Non-insect invertebrates 
available keys. identified to various levels 

depending on available 
keys. 

QA . Field: revisit by different . Field: instrument calibration. . Field: crew members . Field: instrument 
Procedures team - same year (2 . National Aquatic Monitoring trained for sampling calibration, crew 

sites) and second year Center (NAMC) procedures for consistency, and audits training. 
revisit on I 0 sites sample processing. . Lab: sorting checks 1 00%; . Vouchers and reference . Vouchers and reference . Vouchers and reference collection ID checks 10-20%, collection maintained 
collection maintained maintained at NAMC. bioassessment validation . Lab: sorting checks . Lab: sorting checks 10-20% 20%; lD checks I 00%. 
10%; ID checks 100%. . Internal and external QC, . Lab training and 

10% each corrective actions. 
Data Various including many No standard procedure has been Developed own multimetric and Various including many 
Analysis/ alternatives for use in designated. RIVPACS will be utilized multivariate approach. alternatives for use in 
Metrics screening environmental to develop a model to determine the screening and environmental 

correlation. level of impact to the biological correlation. 
assemblage at a: site. Benthic-IBI may 
also be used depending on 
performance. 

Habitat Quantitative surveys of II I) Densiometer shade measurements, EPA method and additional: Quantitative surveys of 15 
Assessment transects (intensive) and full 2) wetted width, 3) mean depth (n=3 . Canopy transects (intensive) and full 

reach (water and sediment measures x I 0 transects= 30), 4) . Quantitative substrate reach (chemistry, width, 
chemistry, thalweg, width, substrate- Wolman pebble count, 5) . Pebble count depth, velocity, substrate, 
depth, velocity, substrate, etc. conductivity, 6) alkalinity, 7) . Substrate consolidation etc.) 

Gradient, 8) Habitat Types . Depth & width 
(Montgomery-Buffington channel . Velocity 
classes) 

Chapter 3: Candidate Stream Bioassessment Programs 

USGS (NA WQA) 
• . Field splits conducted 

when sample volume is 
>0.75 L. . Field processing can result 
in 4 sample components: 
large-rare, main-body, 
elutriate, and split-sample. . Samples are split until 
composite volume is !> 
0.75 L. 

. Most insects to species or 
genus . . Other organisms variable . 

. All identifications by 
qualified experts . 10 % internal QC . External vouchers 

No established metrics or 
endpoints used. Analysis 
emphasizes multivariate gradient 
analyses. 

Detailed habitat measurements at 
various scales (basin, segment, 
reach, transect). Protocols now 
call for II habitat transects 
within each reach. 
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Table 1. C fK El ts for Califc St B. tP ( d) - --·~-- ~- ---"Y - - J ·~ .._._...._..__..u ' 
j 

USEPA Central Valley R~ US Forest Service Dept. Fish & Game (CSBP) SNARL/Lahontan 
EMAP 

Data Obtained Excel spreadsheets for Data are available from the NAMC Access database (Cal EDAS). Obtained 4 Excel spreadsheets: 
Availability Central Valley 1994 & 1995 and eventually will be deposited Much data still in Excel. Upper Truckee River I 998-
and Mode macroinvertebrate data (no into the USFS corporate database 2000, Leviathan Mine 
of Storage habitat data) system of the Natural Resource Watershed 1999, Leviathan 

Information System (NRIS). Spring !99511997, Leviathan 
Fall 1998) 

Written Lazorchak and Klemm, 1994. Hawkins et al. 1998 Yes 
Protocols http://www.swrcb.ca.gov/rwqcb 
Availability 6/QAPP/QAPP _lndex.htm 

Comments . Analysis tools not fixed, intend . Calibration with . Calibration with CSBP & 
to use both multi metric and RIVPACS and EMAP R!VPACS underway. 
multivariate approaches. . More than 8000 samples . Analysis tools not fixed, . Approximately 170 prospective to date intend to use both 
reference sites sampled multimetric and 
during FY2000 to develop a multivariate approaches. 
RIVPACS model. . Approximately 225~250 

streams sampled to date ., 
(1996~2000). . About 25~50 of these are 
monitored annually or even 
seasonally. 

Purpose for . Support State of California . Development of biocriteria & . Enforcement and resource . Biocriteria development and 
Monitoring bioassessment and bioassessment protocol damage assessment assessment & monitoring. 

monitoring. . Monitoring of impacts from . Use attainability . Livestock grazing stream . Assess the biotic condition timber harvest, grazing and . Ambient monitoring restoration 
of surface waters in a mining activities . Special studies and research • Acid Mine Drainage stream 
highly modified . Ensure compliance with the . Develop and promote restoration monitoring. 
agriculturally influenced Clean Water Act bioassessment . TMDL development for 
ecosystem. . TMDL implementation methodologies sediments. . Determine variability of . Test and troubleshoot . Reference condition 
aquatic organisms in 
natural and man~made 

methods sampling 

conveyances within the 
Central Valley. 
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~~) 

USGS (NA WQA) 

Obtained Excel spreadsheets 
for Sacramento River Basin 
1996~ I 998 invertebrate data 
(no habitat data) 

httll://water.usgs.gov/nawga/11 
rotocols/doc_list.html 

Program is in support of the 
National Water Quality 
Assessment Program and 
does not include continuous 
(annual sampling). Intensive 
sampling typically only 
occurs for a year or two. 

In support of National Water 
Quality Assessment Program, 
a water quality program. 
Biological assessments are 
included as a measure of 
ecological health of streams. 
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Habitat Selection 

Most of the candidate programs focus the majority, if not all, of their sampling effort on riffle or 
fast-water habitats. Both CSBP and SNARL methods focus all of their sampling effort on riffle 
habitat. In addition to the riffle (or richest-targeted) habitat sample, USGS NA WQA also takes a 
separate multi-habitat sample whereby all habitats present in the .reach are sampled with a 
proportional amount of effort going to each habitat based on occurrence in the reach. The USFS 
takes a similar approach in that, in addition to fast-water habitat sampling, it also collects a 10-
minute qualitative sample whereby the 1 0-minute sampling period is apportioned so that each of 
the habitat types is sampled roughly in proportion to their occurrence. 

The USEP A EMAP approach is slightly different from all other programs in that the amount of 
sampling effort is not subdivided based on habitat type, but rather the entire reach is subdivided 
by a number of cross-sectional transects and a sampling location is selected for each transect. 
Therefore, whatever habitat type is present at the selected point will be sampled. Samples 
collected from riffle and run habitats are composited into one sample and samples collected from 
pool and glide habitats are composited into another. 

Sampling Gear 

The majority of candidate programs prefer to useD-frame or rectangle frame kicknets to collect 
samples; however, net mesh size is variable among programs. Most of the methods prefer a net 
with a mesh size around 500 f . .Un. For example, both CSBP and USFS methods use 500 f.Lm mesh 
netting, while USEPA EMAP and USGS NA WQA (RTH sampling) use 595/600 f.Lm and 425 
f.Lm, respectively. On the other hand, SNARL prefers 250 f.Lm mesh netting, and USGS NAWQA 
(QMH sampling) uses 210 f.Lm mesh netting. 

The only obvious difference in sampling gear, other than mesh size, is USFS method's use of a 
Surber sampler. All other programs use either aD-frame net or rectangle frame kicknet to 
collect samples. CSBP, SNARL, and NAWQA (QMH) methods all useD-frame nets. Both 
EMAP and NAWQA (RTH) methods use rectangle frame kicknets. 

Collection Method 

Perhaps the largest difference between programs lies in the collection method used by each. All 
of the programs take one or more composite samples from each site, but the make up of and 
method of collecting each composite is quite variable. For a detailed description of each 
programs' sampling method se~ Appendix B. 

Area Sampled 

The area sampled per composite is quite variable ranging from 0.27 m2 for the SNARL method 
to 1.25 m2 for NAWQA (RTH) method. However, composites using the EMAP method may 
sample up to 4.5 m2

, but the area sampled varies based on habitat selection. The total area 
sampled per reach, not including fixed time or QMH sampling, ranges from 0.72 m2 for the 
USFS method to 4.5 m2 for the EMAP method. 
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Replication 

Only three of the five methods collect valid site replicates as part of their sampling programs. 
Both the CSBP and SNARl methods routinely collect replicate samples at every site (i.e., three 
and five, respectively), whereas NA WQA collects replicate samples at a subset of 4-6 sites per 
study. USFS collects no replicates samples, and EMAP only collects QA/QC replicates using 
same season, different team revisits and same team, different year revisits. 

Subsampling and Enumeration 

Both the count and method of subsampling is highly variable among all programs. NA WQA 
uses both a qualitative visual sort method and a quantitative fixed-count method of subsampling; 
however, the organism count varies based on the data quality objectives of the study. Both the 
CSBP method and the EMAP method sU:bsample to 300 organisms, but the remaining programs 
use subsampling methods based on composite sample splits and identifying the entire split to 
within a range of organisms. For example, USFS divides the composite into equal-sized portions 
and all organisms are removed until a minimum of 500 specimens have been obtained from a 
complete sort of one or more subsamples. The SNARl method uses a similar subsampling 
strategy whereby the composite sample is split until the minimum count of the entire split is 250 
organisms. 

Taxonomic Identification 

Most of the programs identify insects to the lowest taxon possible, which is usually the genus 
and/or species level. However, USFS and CSBP identify Chironomid midges to. the sub-family 
level. Non-insect invertebrate identification is variable, usually depending upon available 
taxonomic keys. 

Habitat Assessment 

Habitat assessment tends to be highly variable among programs in terms of rigor and detail of 
measurements. EMAP, NAWQA, and SNARl collect quantitative measurements at multiple 
( 11-15) transects throughout the study reach, utilizing a relatively comprehensive habitat 
assessment approach. On the other hand, CSBP and USFS utilize more rapid habitat assessment 
techniques (visual-based for most measures) to characterize physical habitat semi-quantitatively. 

3.2.2 Comparison of Performance Characteristics for Bioassessment Methods 

Although water quality programs have distinct goals for conducting bioassessments and require 
different levels of effort in sample collection, taxonomic identification, and data analysis, 
discrete methods may yield comparable data for certain objectives despite these differences in 
effort. If discrete methods are similar with respect to the quality of data they produce, it is 
possible to use the results together. In other words, determining the perfom1ance characteristics 
of individual methods enables agencies to share the results ofbioassessments by providing an 
estimate of the level of confidence in assessments from one method to the next (Barbour et al. 
1999). The best way to determine the quality of data produced by a method is through the use of 
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data quality objectives. Data quality objectives (DQOs) are qualitative and quantitative 
expressions that define requirements for data precision, bias, method sensitivity, and range of 
conditions over which a method yields satisfactory data (Klemm et al. 1990). 

The documentation of performance characteristics for all methods is known as the perfonnance
based method system (PBMS -see ITFM I995), which is essentially a system that pennits the 
use of any method of sampling and analysis that meets established requirements for DQOs 
(Diamond et al. 1996, NWQMC 200 I). The basic elements of a PBMS approach include method 
precision (repeatability of measurements), bias (skewness ofmeasurements), sensitivity 
(detection limit), and accuracy (proximity to the analytical truth). 

For the PBMS approach to be useful, three basic assumptions must be met (ITFM 1995): 

1. DQOs must be set that realistically define and measure the quality of the data needed; 
reference (validated) methods must be made available that meet those DQOs; 

2. there must be proof that the method yields reproducible results that are sensitive enough 
for the program; and 

3. the method must be effective over the prescribed range of conditions in which it is to be 
used. 

Key Performance Characteristics 
Precision 
Sensitivity 

For bioassessments, the above assumptions imply 
that a given method for sample collection and 
analysis produces data of known quality, including 
precision, the range of habitats over which the 

collection method yields a specified precision, and the magnitude of difference in data among 
sites with different levels or types of impairment (Diamond et al. 1996). Calculating the 
performance characteristics for a given bioassessment method is essential to understanding the 
robustness of the method for reliably determining the condition of the aquatic ecosystem. A 
method that is very labor intensive and requires a great deal of specialized expertise, and, in turn 
provides a substantial amount of inforn1ation, is not necessarily the most appropriate if it is not 
very precise and repeatable. A less rigorous method may be less sensitive to detecting 
perturbation or have more uncertainty in its assessment. All of these attributes are important to 
minimizing Type I and II error in bioassessment. The ultimate question resides in a firm balance 
between cost and resolution, i.e., is more infonnation better (more cost) or is a limited amount of 
the right information best (less cost). A knowledge of method precision, sensitivity, bias, and 
accuracy helps with this decision. For purposes of this discussion, the key performance 
characteristics are precision and sensitivity to establish a basis for understanding the CSBP and 
SNARL methods comparison presented later in his section. 

Establishing DQOs for a bioassessment method helps to evaluate the adequacy and robustness of 
a method. For example, we may establish the following DQOs: 

DQO I. We want to be able to detect a 20% change, e.g., five categories of condition on a 
1 00-pt scale for a calibrated biological index. 
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DQO 2. We want the method to have a discrimination efficiency of greater than 75%, i.e., the 
method is calibrated so that only 25% or less (13 = 25%) of the a priori determined 
sites of reference and degraded would be misclassified. 

Using these two example DQOs, we establish the following hypothetical scenario. 

Hypothetical Scenario 

To conduct an analysis of the performance of a bioassessment method, or several methods, five 
steps can be identified: 1) compare the relative variability of the various methods from both 
reference and degraded sites- DQO 1, 2) evaluate sensitivity or discrimination efficiency
DQO 2), 3) evaluate precision, 4) evaluate bias and accuracy, and 5) evaluate ability to make a 
correct assessment - DQO 2. In this hypothetical example, we compare three methods used 
side-by-side to collect bioassessment data. 

Step 1 (Characterization of sites). The first step toward evaluating a method's performance as a 
bioassessment tool, is to collect or assemble data from both reference and degraded sites. 
Having a population of reference sites as well as a population of data collected from 
known degraded sites is essential for determining both the relative performance using 
different levels ofbiological condition as well as determining sensitivity or 
discrimination efficiency. Box-and-whisker plots are used to plot data for a given 
biological indicator (e.g., a metric or index) from each of the three methods (Figure 1 ). 
These plots illustrate the amount of variability measured in a population of sites (in both 
reference and degraded categories). For this example, we will say that methods 1 and 2 
have tight enough ranges in variability to allow us to meet the first DQO, i.e., an ability 
to detect a 20% change. 

Reference (R) Degraded (D) 

Figure 1. Box-and-whisker plots showing the distribution of data collected from 
reference and degraded sites using three separate methods (1, 2, and 3). Boxes 
illustrate population attributes (via percentile distribution, i.e., 25%- 75%) and 
whiskers provide a sense of variability. 
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Step 2 (Sensitivity). The second step is to evaluate the sensitivity of each method, or ability to 
discriminate between reference and degraded sites. By examining the reference and 
degraded box and whisker plots side-by-side, it is possible to determine the sensitivity of 
a given method. The reference and degraded plots are paired to show the amount of 
overlap, or lack thereof (Figure 2). The more overlap between plots the less sensitive the 
method, and vice versa. In this example, method one is the most sensitive because there 
is no overlap between plots, and method three is the least sensitive because it has the 
most overlap ofthe interguartile ranges. Method I meets the second DQO of having 
greater than 75% discrimination efficiency. 

c: 
0 

"' :g 
0 
() 

ri ·c;, 
0 
0 
iii 

R D 

>75% 

SENSITIVITY 

R D R D 

50-75% <50% 

Discrimination Efficiency 

Figure 2. Box-and-whisker plots illustrating the ability of each 
method to discriminate between reference (R) and degraded (D) 
conditions. Method one discriminates greater than 75% of the 
sites correctly; method two can only discriminate between 50 and 
75% of the sit~s correctly; and method three is least sensitive, 
discriminating less than 50% of the sites. 

Step 3 (Precision). The third step is to evaluate the method precision, or repeatability of 
measurements, using all sites (i.e., reference and degraded) in the population. Repeated 
samples (replicates or duplicates) are required to calculate the standard deviation from the 
mean. This can be illustrated by graphing the mean value for a given metric or index and 
incorporating error bars to show the standard deviation (Figure 3). In this example, 
method two is the most preci~e because it has the smallest standard deviation around the 
central tendency (mean), and method three is the least precise because it has the largest 
deviation around the mean. 
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PRECISION 

±std. dev. 

Figure 3. Graph illustrating the precision of each 
method for a given measure using means and 
standard deviations. 

Step 4 (Bias and Accuracy). Although not treated here, bias and accuracy are often determined 
for various components ofbioassessment, such as laboratory subsampling and taxonomic 
identification. In the laboratory setting, it is relatively easy to determine the accuracy of 
sorting as well as the bias of sorters and taxonomists through the implementation of 
simple QA/QC plans. For example, after organisms are identified, they can be sent to 
another independent taxonomist for confirmation of taxonomic identifications. Bias 
would be a consistent mis-identification that could be ascertained through QC checks. 
Additionally, after a sample is sorted, an assigned QC officer can resort the sample to 
determine the percentage of "missed" specimens. Bias might be in always missing 
midges, or very small specimens, for example. While both bias and accuracy can be 
determined at various stages in the bioassessment process, it is often unclear how these 
characteristics can be calculated for the overall assessment where "truth" is determined 
by an impairment threshold. 

Step 5 (Site assessment). The fifth and final step is to evaluate the influence of the performance 
characteristics on making a correct assessment. By examining the performance 
characteristics of the three methods in relation to a fixed impairment threshold, we can 
determine a level of confidence in each index value (Figure 4.) In this example, we use 
the three methods at one site and their measurement precision and discriminatory 
efficiency to illustrate how a site assessed as impaired by all three might be evaluated. 
For Method 1, we have high discrimination efficiency· and moderate precision. Because 
the value of the site and its error bars (precision) fall below the impairment threshold, we 
have a high level of confidence that this site is in fact impaired. Method 3 is the least 
precise and least discriminatory, and thus, our confidence that this site is impaired is low. 
For Method 2, which has the highest precision, the site would likely be assessed as 
impaired. However, the discrimination efficiency of Method 2 indicates that we only 
assess between 50 and 75% of our sites correctly. In this case, sites that are slightly 
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impaired, i.e., near the threshold, would benefit from additional, supplemental data (e.g., 
complementary water or habitat quality data, a follow-up biosurvey, etc.). 

ASSESSMENT 

"0 
!!? 
·~ 

~~:=": ------r----------------r-------------+-"~"'''" 
!!? 1 '[ 
.§ Method 1 Method 2 Method 3 

Strong 

>75% 

Moderate 

50-75% 

Discrimination Efficiency 

Weak 

<50% 

Figure 4. Graph illustrating the ability of a method to yield a correct 
assessment based on a combination of precision and sensitivity (or 
discriminatory efficiency) and the value of the assessed site in relatioD; to 
the impairment threshold. 

Comparison of CSBP and SNARL Methods 

Due to the paucity of data provided to us at the time of this report, only one performance 
characteristic, method precision (i.e., measurement error within a site), could be evaluated for 
two candidate methods, CSBP and SNARL. It should be mentioned, however, that there are a 
few caveats with this precision comparison. First, the populations sampled using each method 
were quite different from each other. The SNARL method sampled primarily high elevation 
streams (5,000-7;500 feet) in the Siena Nevada Mountain Range, whereas the CSBP collected 
samples across a wide variety of locations and across multiple ecoregions, primarily in lower 
elevation streams. Because variability is a combination of both natural variability and 
measurement error, greater variability does not necessarily imply greater measurement error 
when two distinct populations are sampled. Consequently, a side-by-side comparison would 
help to minimize the influence of natural variability and allow a more accurate comparison of 
measurement error between these two methods. Secondly, the net mesh size used in the SNARL 
method and CSBP is very different, 250 )lm and 500 )lm respectively. This difference can 
introduce a good deal of variability in the results because of organism selectivity (bias) 
associated with each method. However, it is uncertain as to whether this would significantly 
affect the comparison of precision estimates and requires further research. Thirdly, it is 
uncertain what types of sites (i.e., impacted, reference, etc.) and in what proportions these types 
of sites make up the datasets that were analyzed. Different types of sites may introduce more 
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natural variability among replicates than others, and thus, could affect the precision estimate for 
that method. With this simple comparison, we provided estimates that the SNARL method may 
be more precise, except for the caveats cited previously. We do not know if the higher precision 
is either ecologically or statistically significant, and if so, whether cost implications justify the 
increased precision. However, this exercise demonstrates one of the steps necessary for 
adequately comparing methods. 

As a focus of this methods comparison, sampling precision was evaluated using the root mean 
square error (RMSE) to measure variability. RMSE, also called the standard error of estimate, is 
an estimate of the standard deviation of a population of observations. The RMSE was calculated 
for eight common biological metrics used by both the CSBP and SNARL methods. RMSEs 
ranged from 0.72 to 11.78 for CSBP and from 1.03 to 7.78 for SNARL for the eight metrics 
(Table 2). The RMSE was lower for CSBP than for SNARL for the richness metrics (i.e., total 
number of taxa, EPT taxa, and components ofthe EPT- Ephemeroptera, Plecoptera, and 
Trichoptera). However, the reverse was true for the composition and tolerance metrics (i.e., 
%EPT, %Tolerant organisms, and %Dominance). The relative spread ofthe values for the two 
methods is illustrated when the mean and standard deviation for each metric are ~graphed (Figure 
5). The SNARL method recorded a higher mean for each metric. However, the standard 
deviation was generally lower for the CSBP method. 

T bl 2 C a e ompanson o fANOVA resu lt b t s e ween CSBP d SNARL th d an me 0 s. 
CSBP SNft..F..L RPD Difference 

M~tric RMSE MEAN cv RMSE MEAN cv RMSE cv 
~otal Number ofTaxa 3.21 16.72 19.23 3.76 27.09 13.9 ~5 5.4 

EPT Taxa 1.59 6.45 24.71 1.85 11.1 16.67 15 8.04 

Ephemeroptera Taxa 0.72 2.97 24.44 1'.03 6.77 15.26 35 9.18 

Plecoptera Taxa 1.09 2.83 38.54 1.26 4.33 28.99 10 9.55 
' 

Trichoptera Taxa 1 2.82 35.65 1.16 5.73 20.22 15 15.43 

%EPT 11.29 42.21 26.76 9.5 63.32 15 17 11.76 

·%Tolerant Organisms 11.24 22.37 50.23 5.4 11.32 47.7 70 2.53 

%Dominance 11.78 43.45 27.12 7.78 36.16 21.52 41 5.6 

Chapter 3: Candidate Stream Bioassessment Programs 33 

A009819 



The Status and Future of Biological Assessment for California Streams 

r ~ -----------------------

1 

35 T ·--- -----------------------------, 

30 ra 
X 
ra 25 1-.... 

I SNARL 

0 
20 '1:1: 

ro .... 15 0 
1-

! CSBP 

1: 10 ra 
()) 

~ 
5 

0 
I 

_(. ---- - ---- -- ____________________________ __J 

. --- --------------------------, 
B 

14 -

12 

ra 10 -X ra 

I SNARL 

1-
8-1-a. 

w 6-c ra 
! CSBP 

QJ 
4-!2: 

2-

o~------~----------------------------------------~ 
I 
'- . --- ·----------------------------------'----------' 
,-------------------------· 
I 

•C 
i 

9 -r-----------------------------------------------------, 
C\1 8 -s 7-
E 
$ 6-
c. 
!: 5 -
()) 

E 4-
()) 

-g_ 3 -
w 
~ 2-
()) 

:E 1 -

I SNARL 

l CSBP 

0 -~------------------------------------------------~ 
[ ________ _ 

. ------------------------------------' 

Figure 5. Comparison of precision (mean ± 1 s.d.) between the CSBP and SNARL 
methods for representative biological metrics for richness (graphs a-e), composition 
(f-g), and tolerance (g-h). 
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Figure 5 (continued). Comparison of precision (mean± 1 s.d.) between the CSBP 
and SNARL methods for representative biological metrics for richness (graphs a
e), composition (f-g), and tolerance (g-h). 
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Figure 5. Comparison of precision (mean± 1 s.d.) between the CSBP and 
SNARL methods for representative biological metrics for richness (graphs a
e), composition (f-g), and tolerance (g-h). 

Because various components of these methods were vastly different, the coefficient of variation 
(CV) was calculated to evaluate the variation adjusted for the mean of each metric. The values 
of the CV were lower for the SNARL method for all eight metrics. However, because there are 
no calibrated indexes and impairment thresholds established for these methods, we do not know 
whether the lower CVs for the SNARL are ecologically significant. As a point of discussion, we 
can draw from our DQO 1 established as part of our hypothetical example. Although the 
difference in the CV values between the two methods never exceeded 20%, the majority of the 
individualmetrics for each method did exceed 20% (our initial DQO from the hypothetical 
example). It should be noted that our DQO 1 is established for a calibrated index and not 
individualmetrics. However, the precision for overall index scores are often more precise than 
for individual metrics (Stribling et al., in review). For example, Stribling et al. found that for 
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three separate data sets (Maryland DNR, Prince George's County DER, Wyoming DEQ), the 
overall index score was consistently more precise than for any of the individual metrics, with one 
exception. Still, overall index precision cannot be easily speculated given the precision of only a 
few individual metrics. One critical step would be to develop a biological index for each 
method, and then compare the overall index precision to get a better understanding of which 
method is more precise. Depending on the outcome, another critical step would be to calculate a 
power cost efficiency (PCE) analysis (Barbour and Gerritsen 1996) to evaluate the cost 
implications of the added precision that might be realized from a more rigorous method. 

Conclusions 

From this simple comparison study with an incomplete data set, the results are inconclusive 
about the performance of the CSBP method vis-a-vis the SNARL method, and vice versa. 
However, Dr. David Herbst of the University of California Sierra Nevada Aquatic Research 
Laboratory has conducted a side-by~side comparison of these two methods along with a third 
method, USFS, also referred to as RlVP ACS. Data analyses are ongoing and the results should 
be available near the beginning of2003 (Herbst and Silldorff2003). Furthermore, CDFG-ABL 
is currently conducting a side-by-side comparison ofthe CSBP, RIVPACS, and USEPA EMAP 
methods using a slightly larger dataset (approximately 240 sites from all over the state). This 
study is ongoing and the results are not yet available. We recommend that the results of these 
comparisons be sought and considered by anyone who is interested in the performance 
characteristics of these methods. In order to foster a valid scientific comparison of the 
performance and cost-effectiveness of a method, or multiple methods, several pieces of 
information must be made available: 

• a data set of both known degraded and qualified reference conditions 
• repeated samples (replicates or duplicates) to calculate the standard deviation from the 

mean (from both degraded and reference sites) 
• DQOs from the QA/QC plan 
• costs associated with the'different levels ofsubsampling (for cost efficiency calculations) 
• number of subsamples required to detect differences in the data 
• discrimination (i.e., power) that is required to detect differences in the data. 

A case example ofhow the Florida Department of Environmental Protection (DEP) examined 
the performance characteristics of their collection and assessment methods can be found in 
Appendix C. , 

3.3 Integrating Disparate Programs 

The integration of discrete programs is primarily dependent on the results of the performance 
characteristic characterization. If it is evident that the quality of data is comparable among 
programs, then it is possible to integrate results of assessments among programs. Essentially, it 
is the quality and detail of data that defines the level of integration of disparate programs. 
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However, there are several elements that widely differ among the programs and may hinder the 
integration of actual biological data: 

• Mesh size that retains/excludes certain organisms 
• Level of subsampling & enumeration 
• Sampling area and method 
• Taxonomic resolution 

Although there is a certain amount of disparity among all the candidate programs in each of these 
elements, most will likely allow a certain level of integration provided that the DQOs yield 
comparable data. This could ultimately lead to an integrated set of reference sites, which could 
be used to characterize reference conditions all throughout California. The features or attributes 
proffered by these candidate programs for integrating ecological inforn1ation include: 

• Candidate reference sites 
• Identification of impaired sites or sites at risk 
• Characterization of watersheds and stream reaches 
• Quality ratings for water resource management 
• Taxonomic distribution list and statewide records 

3.4 Recent Initiatives in Bioassessment 

A few recent and notable bioassessment initiatives in California include the development of 1) an 
Inter-laboratory Quality Assurance/Quality Control (QA/QC) Program, 2) the CalEDAS 
Database, 3) an Index of Biological Integrity (IBI), and 4) a standardized methodology of 
reference site selection for wadeable streams. 

3.4.1 Inter-laboratory Quality Assurance/ Quality Control Program 

Bioassessment data are being collected in California at a rapidly increasing rate. Since there will 
be much more taxonomic identification work than can be managed by a single laboratory, the 
standardization of laboratory teclmiques and taxonomic data is critical to sharing data analyzed 
by different laboratories. 

In 1999, DFG-ABL instituted an inter-laboratory quality assurance/quality control (QA/QC) 
program for taxonomic identification. There are two main goals of an external QA/QC program, 
1) to assess the quality of taxonomic data and its impacts on bioassessment metrics and 2) to 
assure that taxonomic data from different sources can be included in a conunon database. The 
QA/QC procedures are designed to help ensure compatibility of data among different 
macroinvertebrate laboratories and to ensure taxonomic consistency and high quality of 
taxonomy for all laboratories involved. 

The DFG QA/QC procedure compares each taxonomic ·identification and groups of all 
discrepancies into two categories, 1) identification discrepancies, and 2) relative taxonomic 
effort discrepancies. Identification discrepancies are instances in which the two laboratories do 
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not agree on the identification of a particular taxon. Relative taxonomic effort discrepancies are 
cases in which the original taxonomic determination is less or more precise than that of the QC 
laboratory. Although these differences in taxonomic effort are not as obvious as disagreements 
over identification, they can have a very strong impact. on metrics calculations and often make up 
the majority of differences in the taxa lists of different laboratories. In addition to taxonomic 
discrepancies, the procedure evaluates differences in enumeration by the two laboratories. Small 
differences are a common occurrence in QC analysis and should not be a cause for concern 
unless the discrepancies are large. 

The current external QA/QC program only involves assessment of taxonomy and enumeration; it 
does not include checks of subsampling procedures. A QA/QC protocol for sub-samples may be 
included in future programs, but at this point, it is considered the internal responsibility of each 
laboratory. 

3.4.2 CaiEDAS Database Development 

As bioassessment has become increasingly more included in California's water quality 
management programs, the amount of biological community data and associated physical and 
chemical data collected around the state has grown at a rapid pace. The benefits of being able to 
manage and manipulate this data in a consistent way are immense; these data will ultimately 
provide the basis for fully exploiting bioassessment's potential as a water quality management 
tool. 

Since 1998, DFG-ABL has been developing a Microsoft Access® database for managing its own 
bioassessment datasets. CalEDAS is a modification of the EDAS® (Environmental Data 
Analysis System), which was developed by Tetra Tech, Inc. for the USEPA. The main 
taxonomic table ip CalEDAS (the Benthic Master Taxa List) is based on the CAMLnet List of 
Standard Taxonomic Effort. DFG-ABL uses CalEDAS in all laboratory aspects of its 
bioassessment program (from sample log tracking to data analysis) and is currently updating the 
database with older datasets produced inMS Excel spreadsheets. Although the DFG does not 
provide technical support for this database, the ABL is willing to share working copies of the 
database in its current form with other laboratories. 

3.4.3 Standardization of Reference Site Selection for Wadeable Streams 

Variation is fundamental to biological communities and measures of biotic integrity based on 
these communities vary accordingly. Most bioassessment techniques account for variation 
through the use of reference sites. Since practical considerations limit our ability to find 
"undisturbed" or even "minimally disturbed" sites, most reference condition approaches seek to 
identify a compromise, the "least disturbed condition". Once candidate reference reaches have 
been identified, these can be used to characterize the range of biotic conditions expected for 
minimally disturbed sites. 

For both the Russian River and San Diego IBI, the relatively subjective technique of"best 
professional judgment" (BPJ) and some semi-quantitative selection criteria were used for 

Chapter 3: Candidate Stre.am Bioassessment Programs 

A00qA2~ 

39 



The Status and Future of Biological Assessment for California Streams 

selecting reference sites. These early studies have demonstrated the need for a framework for 
interpreting community data that can be applied in a standardized manner throughout the state. 

At the February 2001 Western EMAP Reference Condition workshop in Phoenix, AZ, the 
workgroup drafted an approach to identifying reference sites that provides a strong framework 
for standardizing reference site methodologies. In May 2000, the DFG and Dr. David Herbst of 
SNARL collaborated to develop a quantitative approach to selecting reference sites in Califomia. 
The basic approach uses landscape analysis tools (i.e., Geographic Information Systems, GIS) to 
identify areas within the region of interest that have minimal impacts (target areas). Field 
reconnaissance is then used to identify suitable stream reaches within these target areas, resulting 
in a pool of reference sites for the region of interest. The procedure consists of the following five 
steps: 

1. Preliminary Organization and Prioritization 
a. Identify the region of interest and classes of streams to be evaluated 
b. Develop a list ofland use disturbances of interest 

2. Use GIS to Select Areas with Minimal Impact 
a. Divide the region of interest into areas that will serve as the basic reporting tmits of GIS 

analysis 
b. Summarize potential land use impacts for each area 
c. Determine impact scores using statistical properties of their distributions 
d. Use impact scores to identify regions with minimal·disturbance: target areas 

3. Ground Truthing 
a. Stage I- rapid reconnaissance. 
b. Stage II-identify ownership and obtain access permission. 
c. Stage III-intensive habitat scoring and selection of reference sites for sampling. 

4. Sampling ofBiotic Communities 
a. Sample a subset of the pool of reference sites for benthic invertebrates and analyze the 

data to define the range of biological metric values in the pool of reference sites. 
b. Reference sites may be sampled for other measures of stream or riparian health (e.g. 

fish/algal communities, water column chemistry, toxicity, etc.) 

5. Iterative Refinement of the Reference Pool 
a. Refine the reference site pool based on biological, chemical and physical habitat data 

collected at each site. 
b. Eliminate or add candidate reference sites as land use changes occur. 

This quantitative approach to selecting reference sites will be used by SNARL for developing an 
IBI in the eastern Sierras for the Lahontan Regional Board and by ABL for all other regions of 
California. For all past projects, where BPJ was used to select reference sites, this approach will 
be applied to assess the accuracy ofBPJ selections. Currently, the ABL is using this quantitative 
approach for selecting reference sites in the Sierra Nevada Foothills Ecoregion and Central 
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Valley streams for the Central Valley Regional Board and the Sacramento River Watershed 
Program. 

3.4.4 Development of an Index of Biological Integrity (181) for California 

While there are many potential methods for evaluating biotic condition from community data, 
most approaches in the United States use a combination ofmultimetric and multivariate 
techniques. In multimetric techniques, a set of biological measurements ("metrics"), each 
representing a different aspect of the community data, is calculated for each site. An overall site 
score is calculated as the sum of individual metric scores. Sites are then ranked according to 
their scores and classified into groups with "good", "fair" and "poor" water quality. This system 
of scoring and ranking sites is referred to as an Index of Biotic Integrity (IBI) and is the end 
point of a multi-metric analytical approach recommended by the EPA for development of 
biocriteria (Davis and Simon 1995). The original IBI was created for' assessment offish 
communities (Karr 1981 ), but was subsequently adapted for BMI communities (Kearns and Karr 
1994). 

The first demonstration of a California regional IBI was applied to the Russian River watershed 
in 1999 (Harrington 1999). The Russian River watershed drains the third largest area in 
California, sustains an important anadromous salmonid population and is subject to a wide range 
of land uses including a variety of agricultural, timbering and urban development land uses. This 
deiQonstration IBI was based on a conceptual model described by the U.S. Environmental 
Protection Agency for development of numeric biocriteria. Benthic macroinvertebrates (BMI) 
were collected from 35 reaches within 21 tributary streams and the main stem ofthe Russian 
River during the falll995 and spring 1996 and 1997 using the CSBP. Although there was no 
indication of strong seasonal variability in the BMI communities, it was recommended that the 
index period for the Russian River tributary streams be in the spring. Since the original IBI was 
developed, samples have been collected annually (1998-2001) from the original sites and some 
additional locations. 

As the Russian River IBI was being developed, DFG began a much larger project for the San 
Diego Regional Board. After a pilot project conducted on the San Diego River in 1995 and 
1996, the San Diego Regional Board contracted DFG to help them incorporate bioassessment 
into their ambient water quality monitoring program. The initial sampling strategy was designed 
to gather a baseline of information to support several project goals: 

• To include biological information in the San Diego RWQCB's ongoing water quality 
monitoring programs 

• To create a species list ofBMis known from the region 
• To establish a biological classification of different stream types in the region 
• To identify potential reference sites for the San Diego regional bioassessments 
• To determine the best index period for sampling BMI communities 
• To select appropriate metrics for southern California stream bioassessments 

During 1997 through 2000, data was collected from 93 locations distributed throughout the San 
Diego region. Most of the initial sampling sites were chosen to supplement chemical data 
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collected from long-term sampling locations, but some were established as reference sites based 
on "best professional judgment". In 2001, a new set of sites were chosen and sampled to further 
establish reference conditions in the San Diego region. The 1~esults of this sampling event were 
combined with the results of earlier sampling events to establish a preliminary IBI for the San 
Diego region. In July 2002, a final report was presented as a working IBI for the San Diego 
region. 

Data from several sites sampled for the Los Angeles Regional Board were applied to the San 
Diego IBI with promising results. With additional refinement, the IBI developed for the San 
Diego region might be appropriately applied to all Southern California and perhaps Central 
Coastal wadeable streams and rivers. In 2002 and 2003, testing of impaired and potential 
reference steams will be conducted on data sets developed throughout this region using the 
CSBP. 

The framework for developing an IBI for the Sierra Nevada Foothills Ecoregion and Central 
Valley streams will be available in 2004 and 2005, respectively. An IBI for wadeable coastal 
streams in n01·thern California is being developed for the North Coast Regional Board. This IBI 
should be available in 2004 and will incorporate sites from the Russian River IBI that comply 
with the new quantitative approach to selecting reference sites, in addition to new sites 
throughout the region. Since this region extends from the Oregon border to south of San 
Francisco Bay, sites chosen by the San Francisco Regional Board will be tested and perhaps 
incorporated into Northern California Coastal IBI. 
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Chapter 4 INSTITUTIONAUPOLICY CONSIDERATIONS 

In order for any state to effectively implement a bioassessment program, it is important to 
consider not only the technical issues, but the state's legal and policy framework as well. For 
example, some states rely on "technical addenda" to their water quality control plans that contain 
sampling protocols and/or numeric biocriteria that can be updated with relative efficiency as new 
information becomes available, but unfortunately, this may not be an option for California at the 
present time. 

4.1 California's Regulatory Framework 

Pursuant to its Porter-Cologne Water Quality Control Act (California Water Code Section 13000 
et seq.), the State of California relies on a State Water Resources Control Board (SWRCB) and 
nine Regional Water Quality Control Boards (RWQCBs) to implement water quality regulatory 
programs. In general, the SWRCB adopts statewide plans and policies, and the RWQCBs adopt 
and enforce region-specific standards. The RWQCBs may adopt standards for regional or 
localized areas that are more protective of water quality than required by the SWRCB 's plans 
and policies, but the RWQCBs may not adopt standards that are less protective than those 
adopted by the SWRCB. 

Given the large size and diversity of California, and the de-centralized framework for adoption 
of region-specific standards, it is anticipated that the implementation ofbioassessment will need 
to be appropriately tailored to the regional setting, and biocriteria will need to be developed and, 
over time, adopted by the RWQCBs. 

4.2 California's Standard-Setting Process 

The water quality standards setting process in California appears to be more rigorous and time
consuming than in many other states, and once standards are incorporated into a water quality 
control plan, or "basin plan" (BP), those standards cannot be modified in any way without 
repeating the entire standard-setting process. 

California law also requires that the specific sampling protocols, supporting data, and methods 
for calculating com,pliance with standards be specified at the time that standards are adopted. 
This makes it impossible to modify the sampling methods (for example, if more cost-effective 
methods become available), or to modify biocriteria (for example, as more data becomes 
available regarding natural variability) without going through the entire standard-setting process. 
The rigidity of the standard-setting process will create some key hurdles to implementing 
biocriteria in California. 

Given the difficulty of amending water quality standards in California, the state needs to be 
relatively certain that any biocriteria, whether narrative or numeric, are both protective of water 
quality and beneficial uses of water, and also accurate enough so that "false positives" will not 
occur to any great extent. For example, once biocriteria are adopted, streams found to violate 
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those criteria could be listed as "impaired," triggering requirements for mandatory development 
of Total Maximum Daily Loads (TMDLs). 

Options for California include the following: 

1. Wait many years before incorporating any numeric or narrative biocriteria into the BPs. 
This would be the most conservative approach to avoiding "false positives," but would 
abdicate the state's responsibility under the Clean Water Act to protect and restore the 
biological integrity of the state's'waters. While the USEPA cunently does not require that 
biocriteria be included in state water quality control plans, this may become a requirement in 
the not distant future, and the state would be wise to diligently proceed with developing a 
bioassessment program even if this option is relied upon in the short-term. 

2. Focus on nanative biocriteria. 
The USEP A has prepared guidance to assist the states in developing narrative biocriteria 
(USEPA 1992). California could potentially proceed with refining aquatic life uses and 
developing nanative biocriteria, without specifying mandatory methods or numeric criteria. 
The numeric information to support decisions based on the narrative criteria could be 
developed, specified, and refined over time, outside of the water quality control plans. While 
this may be the best approach available to the SWRCB and RWQCBs at this time, refining 
the aquatic life uses and developing narrative biocriteria would require significant resources, 
which the agency does not appear to have available at this time. 

3. Revise state law(s) to allow technical addenda outside ofthe BPs. 
Biological systems are more variable than the chemical and physical properties that were the 
basis of California's water quality regulatory scheme. In recognizing this fact, California 
could consider revisions to state law(s) to allow numeric biocriteria to be developed and 
continually updated, outside of the normal water quality standard-setting process, in order to 
reflect new biological information. Such an approach would apparently require legislation at 
the state level. 

4.3 Budgetary and Other Considerations 

At this time, there appears to be little statewide, programmatic funding for a concerted 
bioassessment program in California. The SWRCB has no staff positions dedicated to 
bioassessment. Efforts to implement bioassessment in California have primarily been led by the 
RWQCBs, using a variety of ephemeral funding sources. 

In order to effectively implement a bioassessment program in California, it should be recognized 
that there are common resource needs throughout the state. Some of the key resource needs ate 
summarized below: 

Statewide Coordination 
The SWRCB should strive to establish an institutional infrastructure to facilitate on-going 
coordination of the many different bioassessment efforts throughout California. This would 
ideally include at least one full-time staff position at the SWRCB dedicated to coordinating 
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bioassessment programs at the SWRCB and RWQCBs, as well as funding for bringing together 
relevant experts, on a regular basis, to address issues related to taxonomy, tolerance values, 
reference site selection, standard-setting, etc. 

Reference Site Selection 
In order for the state's bioassessment program to be most meaningful and defensible, the state 
should strive toward objective procedures for selecting reference sites, where possible. This 
would include the use of Geographic Information Systems (GIS) to allow identification and 
selection of "minimally-impaired" reference sites based on objective criteria. Staff experienced 
with the use of GIS are needed, as well as funding for the computer hardware and software 
needed to perform GIS analyses. Where minimally impaired reference sites are lacking, funding 
would be needed to review historic literature and convene panels of experts to develop reference 
conditions based on best professional judgment. 

Refinement of Tolerance Values 
A fundamental tenet of bioassessment is that some organisms are tolerant to certain types of 
stress or pollution, while others are very sensitive to stress or pollution. For bioassessment to be 
most powerful, the tolerance values assigned to each class of organisms (whether species, genus, 
family, etc.) need to be meaningful and should be based on objective evidence. There is a need 
for research to refine tolerance values for some classes of organisms found in California. 

Determination of Index Period 
The "index period" refers to the time of year or "season" that bioassessment samples are 
collected. In order for data to be comparable between years, it is important that samples be 
collected in the same index period. However, in a state as large and diverse as California, it is 
probable that the most appropriate index period will vary from region to region. A degree-day 
model could be developed to assist in the selection and refinement of the most appropriate index 
period for the various regions of California. 
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Chapter 5 RECOMMENDATIONS 

It is beneficial to the State of California and its affiliated agencies and environmental interest 
groups to consider standardization and methods consistency ofbioassessment and biomonitoring 
throughout its vast watershed network. The benefits include data sharing, confonnity in 
evaluating ecological status, implementation of scientifically based management decisions, 
maximizing limited technical resources, statewide calibration of biological indicators, and 
broadscale application and linkage to regulatory activities. From a technical standpoint, the 
endorsement of consistent methods will provide development of a statewide reference condition 
and indicator calibration that will, in turn, provide cost efficiencies and enhance program 
effectiveness for watershed protection and restoration goal-setting. 

Our recommendations are structured into areas such as (1) candidate methods, (2) replication, (3) 
reference condition, ( 4) calibration of biological indicators, (5) physical habitat assessment, (6) 
database management, and (7) institutional/policy issues. 

5.1 Candidate Methods 

Of the five candidate methods, the CSBP is the most widely used throughout the state. Data 
from multiple collections at more than 2500 sites are available from streams throughout 
Califomia. A method similar in performance to the CSBP is that developed by SNARL. While 
the sampling precision of the SNARL method is somewhat more robust than that of the CSBP, 
both methods are similar enough in results to be considered equally effective in assessing 
biological condition. Both methods, and those of most of the other candidate programs, focus on 
cobble substrate (i.e., riffle habitat) as the primary habitat type for collection. It is generally 
thought by stream ecologists that the riffle habitat is the most productive habitat, where present, 
and that the macroinvertebrate assemblage of the riffle or other cobble substrate contains the 
most diverse and sensitive fauna with respect to water quality. Both EMAP and NA WQA 
methods have endorsed a more multihabitat approach that accounts for techniques that are more 
representative of stream reach characteristics, and not just site-specific conditions relevant to a 
single riffle. We recommend that a multihabitat feature be added to the methods to enable a 
more pertinent evaluation of multiple stressors, such as both chemical (water quality) and non
chemical (habitat-induced) perturbations. Adding a multihabitat component may be in the form 
of the EMAP method or the NAWQA Qualitative Multihabitat method, or even a variation of the 
CSBP method to enable advancement to current methodologies rather than radical modifications. 
Current collaborative efforts between CSBP and EMAP lend themselves to adopting an EMAP 
sampling methodology. The important aspect of method development is to maintain continuity 
and data integrity of existing ecological data as methods refinement is adopted into a water 
resource program. This can be done, in the simplest of techniques, by documenting the 
biological condition of sites and prioritizing along a disturbance gradient. Changes in condition 
from one method to another are evaluated for influential factors related to methods changes. 
Specific considerations for adopting a multihabitat approach are to provide a framework for 
characterizing regional reference conditions that are parceled out from a statewide network of 
candidate reference sites, and to enable a characterization of natural variability associated with a 
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composite of habitat types expected to be present in California streams. 

5.2 Replication 

For bioassessment purposes, replication is important to identify the performance characteristics, 
namely sampling precision, of a method, and to strengthen a judgment of the biological 
condition of a site where uncertainty exists from the results. Most state water resource agencies 
follow a sequential decision process whereby a composited sample (i.e., composited from a 
variety of habitats or microhabitats within a habitat) from a method with known precision is used 
to assess the biological condition. If the results indicate that the judgment of biological 
condition may be in error because the precision of the method is insufficient, then additional data 
or other information is needed to confirm the assessment. Therefore, replication, albeit 
considered pseudoreplication by most biostatisticians, is needed at sites where judgment of 
biological condition is contentious or uncertain and also to establish precision estimates of the 
method and investigators. The collection of replicates as a routine procedure is a good practice, 
but cost considerations may prevent a wide scale implementation of such a procedure. At a 
minimum, 1 0% of collections should be replicated. Furthermore, sites that are likely to be in the 
intermediate portion ofthe biological condition gradient (i.e., neither considered of reference 
caliber nor severely impaired status) would benefit from replication, depending on the precision 
of the method. The exact number ofreplicates should be decided by a technical workgroup. 
Factors to be considered are overall objectives and cost implications. Most states take duplicates 
(Barbour et al. 1999) because the objective is method precision, and two replicates are all that 
are needed. A precedent has been established in California for three and five replicates (CSBP 
and SNARL, respectively) to be taken. Our analyses indicate that the two techniques are 
relatively similar and that cost implications may be a factor. We recommend that replication be 
continued in California bioassessments for the purpose of precision estimates. We also support a 
reduction in replicates to two or three as a compromise between statistical power and cost. 

5.3 Reference Condition 

Regardless of methods, either the identification of candidate reference sites or the elimination of 
degraded stream reaches from consideration as reference should be possible from the volume of 
data acquired from around the state in the various monitoring programs. Compilation of the 
locations and watersheds that contain candidate reference sites can be used as a basis to conduct 
a land use characterization that will detail the extent of potential disturbance from human 
activities. Once these candidate sites are delineated on maps and land use overlays, data gaps 
should be identified and addressed. Data gaps would also include an identification of the kind of 
methods and collecting techniques. For this subsequent step, only biological data from 
consistent methods can be used to avoid introducing sampling bias in the results. It may be 
necessary to schedule some targeted sampling to procure the comparable data. The reference 
condition is the expected or best idea of the structure and function of the aquatic community, and 
it also reflects a partitioning of the natural variability into homogeneous classes or groups. This 
analysis is usually done via multivariate analyses. The DFG-ABL and SNARL are collaborating 
in an effort to identify and characterize reference sites in California. This effort is extremely 
important for establishing a benchmark for bioassessments. We recommend that the SWRCB 
interact closely with DFG-ABL and SNARL and consider evaluating its extensive ecological 
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database to proceed with characterizing reference conditions. 

5.4 Calibration of Biological Indicators 

Through the endorsement of a statewide database (i.e., CCAMP), SWRCB is compiling all 
available and viable biological data. The centralization of biological data tlu·ough this process 
will provide a means to reconcile differences in certain technical issues, such as sampling and 
sample processing documentation practices, taxonomic discrepancies, and metric or biological 
attributes used in different indices. Of particular interest to calibrating a statewide indicator is 
the CSBP data, which comprise over 8000 data points. The refinement of existing biological 
indicators can be done using this comprehensive data source. Using a standard of lowest 
common denominator for methods and level of taxonomy, and following upon the reference 
condition development, a benthic macroinvertebrate indicator could be developed for use in 
assessing biological condition and in producing restoratio11 goals for impaired streams. The 
creation of the California Aquatic Macroinvertebrate Laboratory Network (CAMLnet) was 
formed in 1995 as a technical advisory body to facilitate the standardization offreshwater 
macroinvertebrate taxonomy and laboratory procedures. We recommend that the combination of 
the central database and CAMLnet be used to provide California with a consistent and standard 
framework for calibrating biological indicators for use on a statewide basis. 

5.5 Physical Habitat Assessment 

While conducting physical habitat assessments in conjunction with biological assessments is an 
important feature to any bioassessment program, it is not within the scope of this document to 
develop any recommendations in regards to physical habitat assessment methods currently used 
by the candidate programs. It should be noted, however, that further refinements to current 
physical habitat assessment methods are being explored. 

5.6 Database Management 

While the CalEDAS database model currently used by DFG works well at the laboratory scale, it 
will not able to store all the bioassessment data for California. There is, therefore, a strong need 
for a statewide database ofbioassessment data that can accommodate the large quantity of data 
that will be produced in Califomia. Ongoing statewide efforts of SWAMP, the SWIM II ~ 
database and the U.S. EPA's STORET database may eventually meet this need, but neither of 
these is cunently ready to handle the bioassessment data. There are currently no provisions for 
creating a repository for all California bioassessment data. Once a common database is agreed 
upon (i.e., SWIM II, SWAMP), it is our recmmnendation that the SWRCB consider appointing a 
full-time employee to manage the database and provide technical support to database users 
throughout the State. 

Chapter 5: Recommendations 48 

A00q834 



\ 
) 

The Status and Future of Biological Assessment for California Streams 

5.7 Institutional/Policy Issues 

The State of California should decide among the available options for effectively incorporating 
bioassessment into its water quality regulatory programs (see Section 4.2). Furthermore, the 
State of California should strive to make funding available for a concerted, statewide 
bioassessment program. Funding is needed for: (1) establishing a full-time bioassessment 
coordinator at the SWRCB; (2) ensuring on-going bioassessment sampling and analysis at the 
RWQCBs; (3) organizing and facilitating workshops where relevant experts can address issues 
related to taxonomy, tolerance values, reference site selection, standard-setting, etc.; ( 4) 
developing and maintaining the capability to conduct GIS exercises to select reference sites; and 
(5) meeting other common needs such as contracts for refinement of tolerance values and 
specification of appropriate index periods (see Section 4.3). 

Chapter 5: Recommendations 49 

A00:;835 



The Status and Future of Biological Assessment for California Streams 

Literature Cited 
Barbour, M.T. 1997. The re-invention ofbiological assessment in the U.S. Human and 
Ecological Risk Assessment. 3(6):933-940. 

Barbour, M.T. and J. Gerritsen. 1996. Subsampling ofbenthic samples: A defense of the fixed
count methods. Journal of the North American Benthological Society. 15(3):386-391. 

Barbour, M.T., J.M. Diamond, C.O. Yoder. 1996a. Biological assessment strategies: 
Applications and Limitations. Pages 245-270 in D.R. Grothe, K.L. Dickson, and D.K. Reed
Judkins (editors). Whole ejjluent toxicity testing: An evaluation of methods and prediction of 
receiving system impacts, SET AC Press, Pensacola, Florida. 

Barbour, M.T., J. Gerritsen, G.B. Griffith, R. Frydenborg, E. McCarron, J.S. White, and M.L 
Bastian. 1996b. A framework for biological criteria for Florida streams using benthic 
macroinvertebrates. Journal of the North American Benthological Society. 15(2): 185-211. 

Barbour, M.T., J. Gerritsen, and J.S. White. 1996c. Development of the stream condition index 
(SCI) for Florida. Prepared for Florida Department of Environmental Protection, Tallahassee, 
Florida. · 

Barbour, M.T., J. Gerritsen, B.D. Snyder, and J.B. Stribling. 1999. Rapid Bioassessment 
Protocols for Use in Streams and Wadeable Rivers: Periphyton, Benthic Macroinvertebrates and 
Fish. Second Edition. U.S. Environmental Protection Agency; Office of Water; Washington, 
D.C. EPA 481-B-99-002. 

Davis, W.S. 1995. Biological assessment and criteria: Building on the past. Pages 15-29 in 
W.S. Davis and T.P. Simon (editors). 1995. Biological assessment and criteria: Tools for water 
resource planning and decision making. Lewis Publishers, Boca Raton, Florida. 

Davis, W.S., B.D. Snyder, J.B. Stribling, and C. Stoughton. 1996. Summary of State biological 
assessment programs for streams and rivers. U.S. Environmental Protection Agency, Office of/ 
Planning, Policy, and Evaluation, Washington, D.C. EPA 230 

Diamond, J.M., M.T. Barbour, and J.B. Stribling. 1996. Characterizing and comparing 
bioassessment methods and their results: A perspective. Journal of the North American 
Benthological Society. 15:713-727. 

HarTington, J. M. 1999. California Stream Bioassessment Procedure. California Department of 
Fish and Game, Aquatic Bioassessment Laboratory. Rancho Cordova, Ca. 

Herbst, D.B. 2002a. Biomonitoring on the Upper Truckee River using aquatic 
macroinvertebrates: baseline data for 1998-2000. Report to the Lahontan Regional Water 
Quality Control Board. 

Literature Cited 

A12il0983S 

50 



The Status and Future ofBiological Assessment for California Streams 

Herbst, D.B. 2002b. Bioassessment monitoring of acid mine drainage impacts in streams of the 
Leviathan Mine water~hedfor Spring and Fall 2000. Report to the US Forest Service, 
Humboldt-Toiyabe National Forest. 

Herbst, D.B. 2002c. Development of biological water quality targets for assessment of total 
maximum daily load (TMDL) of sediment in the Squaw Creek watershed (Placer County, CA). 
Report to the Lahontan Water Quality Control Board. 

Intergovernmental Task Force on Monitoring Water Quality (ITFM). 1995. The strategy for 
improving water-quality monitoring in the United States: Final report of the Intergovernmental 
Task Force on Monitoring Water Quality. Technical appendixes. U.S. Geological Survey, · 
Reston, Virginia. 

Kan, J.R. 1981. Assessment of biotic integrity using fish communities. Fisheries 66:21-27. 

Kerans, B.L. and J.R. Karr. 1994. A benthic index of biotic integrity (B-IBI) for rivers ofthe 
Tennessee Valley. Ecological Applications 4:768-785. 

Klemm, D.J. and J.M. Lazorchak. 1995. Environmental monitoring and assessment program
swface waters: Field operations and methods for measuring the ecological conditions of 
wadeable streams. Environmental Monitoring Systems Laboratory, Office of Research and 
Development, U.S. Environmental Protection Agency, Cincinnati, Ohio. EPA/620/R-94/004. 

Klemm, D.J., P.A. Lewis, F. Fulk, and J.M. Lazorchak. 1990. Macroinvertebrate field and 
laboratory methods for evaluating the biological integrity of surface waters. Environmental · 
monitoring and assessment program- swface waters: Field operations and methods for 
measuring the ecological conditions of wadeable streams. Environmental Monitoring and 
Support Laboratory, U.S. Environmental Protection Agency, Cincinnati, Ohio. 
EPA/600/4/90/030. 

Lazorchak, J.M., Klemm, D.J., and D.V. Peck (editors) 1998. Environmental Monitoring and 
Assessment Program- Swface Waters: Field Operations and Methods for Measuring the 
Ecological Condition of Wadeable Streams. EPA/620/R-94/004F. U.S. Environmental 
Protection Agency, Washington, D.C. 

National Research Council (NRC). 2001. Assessing the TMDLApproach to Water Quality 
Management. National Academy Press, Washington, D.C. 

National Water Quality Monitoring Council (NWQMC). 2001. Towards a definition of a 
performance-based approach to laboratory methods. Methods and Data Comparability Board, 
National Water Quality Monitoring Council, Technical Report 01~02, US Geological Survey, 
Water Information Office, Reston, VA 

Literature Cited 

~)e~0983 r 

51 



The Status and Future of Biological Assessment for California Streams 

Plafkin, J.L., M.T. Barbour, K.D. Porter, S.K. Gross, and R.M. Hughes. 1989. Rapid 
bioassessment protocols for use in streams and rivers: Benthic macroinvertebrates and fish. 
U.S. Environmental Protection Agency, Office of Water Regulations and Standards, 
Washington, D.C. EPA 440-4-89-001. 

Simon, T.P. (Ed.). 2002. Biological response signatures: Patterns in biological indicators for 
assessingfi'eshwater aquatic assemblages. CRC Press, Boca Raton, FL. 

U.S. Environmental Protection Agency (USEPA). 1992. Procedures/or initiating narrative 
biological criteria. Office of Science and Technology, Washington, DC. EPA 822-B-92-002. 

USEP A. 1998. Clean water action plan: Restoring and protecting America's waters. U.S. 
Environmental Protection Agency, Office ofWater, Washington, D.C. EPA-840-R-98-001. 

USEP A. 2000. Stressor identification guidance document. U.S. Environmental Protection 
Agency, Office of Water, Office of Research and Development, Washington, D.C. EPA-822-B-
00-025. 

USEP A. 2002. Summary of Biological Assessment Programs and Biocriteria Development for 
States, Tribes, Territories, and Interstate Commissions- Streams and Wadeable Rivers. U.S. 
Environmental Protection Agency, Office of Water, Washington, D.C. DRAFT. 

Yoder, C.O. and E.T. Rankin. 1995. Biological response signatures and the area of degradation 
value: New tools for interpreting multimetric data. Pages 263-286 in W.S. Davis and T.P. Simon 
(editors). 1995. Biological assessment and criteria: Tools for water resource planning and 
decision making. Lewis Publishers, Boca Raton, Florida. 

Literature Cited 52 

A\009838 



Appendix A 

Progra111/Project Sumtnaries 
I~ , 

I"' i 

~~~~~839 



The Status and Future ofBio/ogica/ Assessment/or California Streams 

Appendix A PRoGRAM/PRoJECT suMMARIEs 

This section includes all program/project summary survey responses received from numerous 
water quality agencies, entities, etc. in Califomia. The survey was sent to dozens of groups 
across the state; however, only a small proportion responded with complete infonnation while 
several more groups responded with incomplete information. 

Alameda Countywide Clean Water Program- Bioassessment in Alameda County Creeks 

The primary focus of this program is to provide watershed characterization, assessment, and 
trend monitoring using rapid bioassessments. The Alameda Co. Flood Control and Water 
Conservation District sponsor this program. 

Contact Person: Arleen Feng Alameda County PWA, 951 Tumer Court, Room 300, 
Hayward, CA 94545 (510) 670-5575 arleen@acpwa.mail.co.alameda.ca.us 

Sampling Method: Califomia Stream Bioassessment Procedure (CSBP) Rapid 
Bioassessment Protocol (RBP) 

Timeline of Sampling: 1998 - Present 

Data Availability: 3-4 sites in 1998-2000, 10 in 2001. Watersheds: San Lorenzo Creek 
( 1998-2001 ); Sausal Creek, Mission Creek, Sabrecat Creek (200 1) 

Purpose of Bioassessment: 

• watershed characterization, assessment, trend monitoring 
• NPDES permitting 
• ambient water quality monitoring 
• establishing reference conditions 
• supporting habitat classification 
• stream restoration 

Description: ACCWP's stormwater management activities include this project to 
provide understanding of relatively small, highly urbanized watersheds, and develop 
macroinvertebrate community indicators as tools to assist local municipal watershed 
managers. Selection of sampling watersheds and sites was based on a) representation of 
different portions of urbanized Alameda County; b) availability of publicly owned 
reaches that could be accessed; c) relatively strong opportunities for I interest in 
restoration activities. Related volunteer monitoring with "streamside" educational 
protocol is ongoing in Sausal Creek. 

Appendix A: Program/Project Summaries A-1 

A009840 



I 
/ 

The Status and Future of Biological Assessment for California Streams 

California Department of Fish and Game (CDFG) Enforcement Case Program 

CDFG investigates situations where reports of activities or pollution events in the surrounding 
watershed may have adversely impacted stream integrity and/or stability. The California Stream 
Bioassessment Procedure (CSBP) is used to measure deleterious effects to the biological 
community resulting from the pollution event. 

Contact Person: Angie L. Montalvo (916) 358-4398, CDFG Aquatic Bioassessment 
Laboratory 2005 Nimbus Road, Rancho Cordova, CA 95670 

Sampling Method: California Stream Bioassessment Procedure (CSBP) Rapid 
Bioassessment Protocol (RBP) 

Timeline of Sampling: Wine Creek (May 2000- Present), East Walker River (Oct 1999-
Present), Slug Canyon Creek (Sept 2000), Weber Creek (Mar 2001- Present), Cherokee 
Creek (Aug 2001), Goose Creek (Apr 2001) Hangtown Creek (Sept 1998), F-1 Line Zone 
Flood Control Channel (Oct 2001) 

Data Availability: Wine Creek ( 6 sites), East Walker River (3 9 sites), Slug Canyon 
Creek (6 sites), Weber Creek (15 sites), Cherokee Creek (3 sites), Goose Creek (3 sites) 
Hangtov;n Creek (5 sites), F-1 Line Zo11e Flood Control Channel (3 sites) 

Purpose of Bioassessment: Investigation of pollution spills can be enhanced by 
measuring the biological and physical/ habitat condition of the receiving waters. 
Bioassessment can contribute to an enforcement case by documenting injury resulting 
from a spill of a known pollutant or can stand alone as evidence of a pollution event 
when chemical analysis is unavailable. Bioassessments are particularly helpful when a 
pollution event is reported some time after it occurs (thus preventing the collection of 
timely chemical samples) and when dealing with chemical spills where the substance 
rapidly dissipates, become diluted or flows as a pulse downstream. Bioassessments may 
be the only enforcement tool available for physical/habitat destruction, and for spills of 
substances with low_ or no toxicity values (sediment, nutrients and elemental metals), but 
which cause eutrophication or smother benthic communities in the water body. 

Description: Under the CDFG 5650 Code Enforcement Case Program, each case is treated as an 
individual project, which addresses a specific problem of concern. Each project or case is 
categorized into a classification system based on pollution type: sediment, petroleum, 
chemical, and other. Benthic macroinvertebrate (BMI) sampling (as well as standard 
physical habitat, flow, gradient, and ambient chemistry) is conducted in a similar manner 
for each case (one or more control sites, one site at or near the spill/impacted area, and 
one or more sites downstream from the spill/impacted area). Often, additional follow-up/ 
recovery sampling will occur up to 3 years following a pollution event. The results of 
the bioassessments are used in a court of law to prosecute responsible parties for damages 
and to recovery departmental costs associated to the case. 
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California Department of Water Resources (Northern District) Bioassessment Program 

The primary objectives of this program are to provide long-term background information, to 
cletem1ine water quality based on types and abundance of individual species, and to monitor 
impact assessment and FERC relicensing of major DWR hydroelectric facility. 

Contact Person: Jerry Boles, Department of Water Resources, 2440 Main Street, Red 
Bluff, CA 96080 (530) 529-7326 bolesj@water.ca.gov 

Sampling Method: DWR professional classic method- multiple sites (three riffles/three 
cross sections/three samples per cross-section); sort entire sample; identify to 
genus/species - rely on mathematical metrics as well as biology of insects to determine 
impacts/water quality. 

Time line of Sampling: 197 5-Present 

Data Availability: Over 100 sites per year throughout Northern California 

Purpose of Bioassessment: 

• Support State of CA bioassessment and monitoring 
• Assess the biotic condition of surface waters in a highly modified agriculturally 

influenced ecosystem. 
• Determine variability of aquatic organisms in natural and man-made conveyances 

within the Central Valley. 

Description: DWR's long time bioassessment program has historically used classic, 
professional methods employing a frame to delineate sampling ·area and collecting 
downstream from frame in a kick net. Entire sample is sorted and identified. Purposes of 
program are to provide long-term background infonnation, determine water quality based 
on types and abundance of individual species, impact assessment, and FERC relicensing 
of major DWR hydroelectric facility. CSBP sometimes used when we only want cursory 
assessment of organisms and actual species population information is not that important. 

Central Coast Ambient Monitoring Program 

The Central Coast Ambient Monitoring Program is conducting watershed characterization 
monitoring for the Central Coast Regional Water Quality Control Board, using a 5-year 
rotational strategy. It has been in place since 1998 and covers Santa Cruz, San Benito, Monterey, 
San Luis Obispo, Santa Barbara, and portions of San Mateo, Santa Clara, and Ventura counties 
in central California. 

Contact Person: Karen Worcester, 81 Higuera Suite 200 San Luis Obispo, CA 93401 
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Sampling Method: California Stream Bioassessment Procedure (CSBP), Harrington 
(1996); some sites with protocols modified for low gradient streams 

Timeline of Sampling: Ambient monitoring 1998 -Present, 5-year watershed rotational 
strategy (April- May sampling period); Morro Bay 1993-Present (although they missed a 
few years); Coastal confluence monitoring 1999-Present. 

Data Availability: Morro Bay, 10-15 sites; Pajaro Watershed, 8 sites; Salinas Watershed, 
13 sites; Santa Maria Watershed, 10 sites; Santa Barbara Coast,12 sites; 28 coastal 
confluence sites. 

Purpose of Bioassessment: 
• Conducted as part of ambient assessment along with conventional water quality, 

sediment chemistry, and tissue bioaccumulation data 
• Also evaluation ofthe effectiveness ofBMPs in the Morro Bay watershed 

Description: Bioassessment is used in conjunction with other water quality monitoring 
approaches to characterize condition. Approximately thirty sites are selected along the 
main stem at the primary discharge point of the watershed, above major tributary inputs, 
and at the lower ends of major tributaries. For the purposes of site selection a "major 
tributary" is defined as a watercourse which drains a minimum percentage of the rotation 
area or which is the major watercourse that drains a Hydrological Area, Hydrological 
Subarea, or watershed of special concern. Some sites are also located above and below 
areas of significant human activity, including urban development, agriculture, and point 
source discharges. Si~e selection is constrained by site accessibility, since convei<i:ional 
monitoring is done on a monthly basis. Benthic invertebrate sites are located upstream of 
conventional water quality sites, but out of the immediate influence ofbridges. Other 
sampling activities are conducted at a subset of conventional water quality sites. 

Another program component includes monitoring of coastal confluences, where rivers 
meet the ocean. This monitoring is conducted continuously, rather than in 5-year 
rotation. Benthic invertebrate samples have been collected at these sites for three years in 
a row, at approximately thirty sites. Data from this program will be assessed in the near 
future for its effectiveness at detecting water quality impainnent. 

The Morro Bay National Monitoring Program has approximately 10 sites, which have 
been monitored for six years in order to detect changes from implementation of Best 
Management Practices. Sites are primarily upstream and downstream of cattle exclusion 
areas. 

Central Valley Regional Water Quality Control Board (Sacramento)- Surface Water 
Ambient Monitoring Program (SWAMP) 
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The primary focus of this project is to provide insight into the condition of the aquatic 
community beneficial uses in agriculturally dominated and effluent dominated waterbodies of 
the Central Valley. 

Contact Person: Robert Holmes, 3443 Routier Rd., Ste. A, Sacramento CA 95827-3003 
(916) 255-0749 holmesr@rb5s.swrcb.ca.gov 

Sampling Method: California Stream Bioassessment Procedure (CSBP) Rapid 
Bioassessment Protocol (RBP) 

Timeline of Sampling: Fal12000- Present. Spring & Fall index periods 

Data Availability: Approximately 36 sites in the Sacramento River Watershed. 

Purpose of Bioassessment: 
• Watershed characterization, assessment, trend monitoring 
• Research 
• Ambient water quality monitoring 

Description: The goal of this project is to provide a first step at identification of aquatic 
life stressors and associated development of ecological indicators in agriculturally 
dominated and effluent dominated waterbodies in the Central Valley. 

Chicarita Creek Bioassessment Study for the Friends of Los Penasquitos Canyon Preserve, 
Inc. 

The purpose of the Chicarita Creek Bioassessment Study is to assess impacts on the Chicarita 
Creek due to point-source discharge violations. 

Contact Person: Andre Macedo, City of San Diego, Environmental Monitoring & 
Technical Services Division, 14103 Highland Valley Road, Escondido, CA. 92025 (858) 
538-8193, amacedo@sandiego.gov 

Sampling Method: California Stream Bioassessment Procedure (CSBP) Rapid 
Bioassessment Protocol (RBP) 

Timeline of Sampling: May 2001-Present 

Data Availability: 4 sites in the Los Penasquitos Watershed 

Purpose of Bioassessment: 
• Point-source/incident 
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Description: The study of this creek is funded by a fine assessed against a discharge 

violator. There had been no pre-event samples available of this site. 

Contra Costa Monitoring and Assessment Plan (CCMAP) 

The Contra Costa Monitoring and Assessment Plan (CCMAP) focuses on assessing the 
biological integrity of watersheds in Contra Costa County (Northern California) to reduce 
pollutants from entering the municipal separate storm sewer system (MS4) and protect beneficial 
uses of its water bodies. 

Contact Person: Chris Sommers, Contra Costa Clean Water Program, 255 Glacier Dr., 
Martinez, CA, 94553 

Sampling Method: California Stream Bioassessment Protocol (CSBP) (Harrington 1999) 

Timeline of Sampling: 2001-Present 

Data Availability: Currently 10 sites in Alhambra Creek watershed (16 sq. miles) 

Purpose of Bioassessment: 
• To comply with the Program's-Joint Municipal NPDES Permits; 
• To collect baseline infonnation necessary to identify and reduce and/or eliminate 

stormwater pollutants in the County; 
• To prioritize sub-basins within individual watersheds, allowing direction for 

future studies to deterrnine types and sources of stormwater pollutants 
adversely affecting beneficial uses; 

• To begin identifying specific land uses that may be contributing to decreases 
in biological integrity; 

• To contribute valid data to a Bay/State-wide data set intended to characterize 
watersheds and possibly create an Index of Biological Integrity (IBI) for the 
regwn. 

Description: The Contra Costa Monitoring and Assessment Plan (CCMAP) is a long
term strategy, which builds on previous· special studies an4 data collection efforts. 
CCMAP is designed to assess the conditions of watersheds, water bodies, and water 
quality within Contra Costa County. CCMAP entails further characterization of 
watersheds and sub-watersheds, and the development of strategically placed monitoring 
stations where rapid bioassessment data can provide a valuable screening device to 
determine where water quality and watershed health are degraded or have the potential 
for degradation. The Program intends to conduct bioassessments in approximately 6-8 
watersheds in the next four years. 
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California Department of Parks and Recreation Natural Resources Inventory, Monitoring, 
and Assessment Program (IMAP) 

A pilot project began in 2001 for Wilder Ranch State Park near Santa Cruz, where four streams 
were sampled to assess watei· quality and the condition of aquatic ecosystems, with an intent that 
this data would serve as baseline measures for future monitoring. 

Contact Person: Roy Woodward, Inventory, Monitoring & Assessment Program, P.O. 
942896 Sacramento, CA 94296-0001 (916) 651-6940, rwoodw@parks.ca.gov 

Sampling Method: California Stream Bioassessment Procedure (CSBP), Harrington 
(1996) 

Timeline of Sampling: Spring (May-June) and Fall (Sept.- Nov.) 2001. Future 
sampling of the streams may take place depending on available funding. 

Data Availability: Currently 11 sites have been sampled. Spring 2001 data is now 
available. Fall2001 data will become available by Febmary 2002. 

Purpose of Bioassessment: 
• Assess water quality and the condition of aquatic ecosystems 
• Establish baseline measures for future monitoring 

Description: A small full-time staff at Sacramento HQ supports field staffin all266 
state park units with collection and compilation of data for wildlife, vegetation, and 
physical resources (e;g. water quality, soils, caves, air quality). A pilot project began in 
2001 for Wilder Ranch State Park near Santa Cmz, where four streams, Wilder Creek, 
Peasley Creek, Majors Creek, and Baldwin Creek have been sampled for water chemistry 
and macroinvertebrates. These are small, short perennial coastal streams that are mostly 

contained within Wilder Ranch State Park. 

State park ecologists collected the macroinvertebrate samples. Richard Bottoroff, a 
contractor, performed the macroinvertebrate identifications. Water chemistry was taken 
with a portable sampling device, and habitat was characterized using the CDFG 
technique. Under a separate contract, steelhead were counted, red-legged frogs were 
counted, and fish and aquatic organism habitat was assessed. The final report for the 
project will assess the findings in relation to steelhead and other aquatic organisms in 
these streams and will be prepared by June 30, 2002. 

Dry Creek Conservancy Watershed Monitoring Program 

Physical, chemical, and biological assessment and monitoring of the aquatic resources ofthe 
watershed. 

Contact Person: Gregg Bates 
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Sampling Method: Grab samples, benthic macroinvertebrate collection, fish surveys 

Timeline of Sampling: Seasonal, and periodic 

Data Availability: Data is currently being organized and put into data bases 

Purpose of Bioassessment: 
• Assess condition of streams 
• Identify negative impacts 
• Suggest management solutions 

Description: None provided. 

Feather River Watershed Monitoring Program 

The purpose of the program is to obtain and make available baseline and continuing data from 
which trends in watershed health could be measured. The Feather River Watershed Monitoring 

1 
Program is project of the Feather River Coordinated Resource Management Group. 

Contact Person: Leslie Mink, Watershed Coordinator, or Jim Wilcox, Project Manager, 
Feather River Coordinated Resource Management Group, c/o Plumas Corporation P.O. 
Box 3880 Quincy, CA 95971 phone: 530-283-3739; fax: 530-283-5465; email: 
les1ie(C4plumascounty.org Or plumasco(ZiJ,_psln.com. 

Sampling Method: 
Three riffles suitable for sampling are identified, beginning at the downstream extent of the 
survey segment. Identified riffles are composed oflarge gravel to cobble size substrate 
where the water surface is turbulent. Care is taken to not disturb the sample sites prior to 
sampling. This is the first measurement taken at each survey segment. 

Once the three riffles are identified, measurements are taken from bottom to top 
(downstream to upstream) beginning at the farthest downstream riffle. A tape is placed 
parallel to the longest upstream-downstream axis and the length of the riffle is measured. 
The riffle is divided into equal segments oflength. Three segments are randomly selected 
for sampling using a random numbers sheet. One of three lateral sampling locations (1/4, 
1/2, 2/3 width from the right edge of suitable habitat) is randomly selected at each of the 
three selected segments. 

Once the sampling locations have been selected, aD-net with a one-foot wide opening and 
a mesh size of 0.5mm is placed perpendicular to the flow, and adjusted as necessary to 
prevent flow under the net frame. An area upstream of the net that is one foot wide by two 
feet long is chosen for sampling. 

Samples are sent to: The Buglab, Dept. Fish and Wildlife, Utah State University, Logan,UT 
84322-5210. 
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Timeline of Sampling: Samples are usually collected once every two years; samples have 
been collected during the Summer 1999 and 2001. 

Data Availability: Biological samples are collected at 19 of the 21 sites, which are 
strategically located at low-gradient "response" reaches near mouths of the major sub
watersheds; samples are still being processed and are not expected to be completed until 
summer 2002, however, data will be available on our website at feather-river-crm.org 

Purpose ofBioassessment: 
• To evaluate the effectiveness of stream restoration efforts 
• To assess trends in watershed health 
• To accompany other watershed data such as geomorphic data including permanent 

cross-sections, longitudinal profiles, bedload, bank stability, water temperatures, and 
flows, water quality, fish populations, etc. 

Description: 
The Feather River Coordinated Resource Management group has been in existence since 
1985, and is a consortium of21 public and private agencies and land management 
entities. Our primary mission is watershed restoration, which we successfully implement 
across jurisdictional boundaries. Since 1985, we have implemented over 40 restoration 
projects. Project monitoring has been an integral part of our program. In the late 1990's 
we realized the need for monitoring on a watershed scale. This type of monitoring will 
help us evaluate the impact of our projects on a larger scale, and allow an observation of 
trends in the health of the Feather River watershed. 

Federal Energy Regulatory Commission Hydroelectric Relicensing and Repair 

The SWRCB has authority to issue Clean Water Act (CWA) section 401 water quality 
certifications for hydroelectric facilities undergoing relicensing. To help us determine 
compliance with the CW A and Basin Plan we have been requesting that rapid bioassessment be 
completed to help assess water quality impacts. 

Contact Persons: Russ Kanz (916) 341-5341, Sharon Stohrer (916) 341-5397; State 
Water Resources Control Board, P.O. Box 2000, Sacramento, CA 95812-2000 

Sampling Method: California Stream Bioassessment Procedure. 

Timeline of Sampling: Completed during the relicensing process. Usually a single sampling 
program with limited follow-up. We are also requiring bioassessement to determine 
impacts of repair projects. A number of rivers have been completed with more plmmed. 

Data Availability: PG&E -Stanislaus River (44 sites), Pit River (16 sites), Mokelunme River{26 
sites), Feather River(?? sites), Fordyce Creek(?? sites): ElDorado Irrigation District
SF American River(?? sites) 
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Purpose of Bioassessment: 
• Assess impacts to water quality 

Description: Hydroelectric projects licensed by the PERC undergo relicensing every 30-50 
years. Currently in California there are a large number of facilities either being 
relicensed, or will be relicensed soon. The State Water Resources Control Board has the 
authority to issue Clean Water Act (CW A) section 401 certifications for these facilities. 
The CW A 401 certification requires an assessment of the impacts to beneficial uses. We 
have been requesting that the licensees use rapid bioassessment to help determine impacts 
to water quality/beneficial uses. We also use bioassessment in addition to water quality 
monitoring to determine the impacts of hydroelectric repair projects. Upcoming projects 
include Southern California Edison relicensing- Upper San Joaquin River sampling 
(planned for 2001-2002) and PacifiCorp relicensing- Klamath River sampling (planned 
for 2002). 

Hoopa Valley Environmental Protection Agency Water Quality Monitoring Program 

Our primary goals are to use rapid bioassessment as a tool to sample all streams 
that have been damaged by fires and logging and to protect domestic water 
sources. 

Contact Person: Forrest Blake, 1348 Hoopa, California 95546 

Sampling Method: California Stream Bioassessment Procedme (CSBP) citizen 
monitoring method 

1 

Timeline of Sampling: Continuous ~onitoring of annual events 

Data Availability: Available on the EDAS program 

Purpose of Bioassessment: 
• To make sure our streams are safe for our people 

Description: We have continuous data recorders on our creeks as well as high flow 
stations. We feel that bioassessments are just one more component to our Water Quality 
Monitoring Program. 

Los Angeles Regional Water Quality Control Board- Surface Water Ambient Monitoring . 
Program (SWAMP) 
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Primary purpose is to design a distinctive monitoring program for each watershed based on its 
unique characteristics and based on what data exists and what data gaps are present. Because 
each watershed is treated individually, the approach to each watershed is different. For example, 
in the Santa Clara River watershed, a random design based on EMAP was employed because the 
watershed covers an extensive area and little is known about the watershed. The goal was to 
obtain an overall pich1re of the health of the watershed. On the contrary, Calleguas Creek 
watershed encompasses a much smaller area and a multitude of data exists. Therefore staff 
chose a directed sampling program to address each major tributary and stream within the 
watershed and chemical analyses where chosen based on the data that already existed. Further 
information can be obtained in the SWAMP Workplan document for fiscal years 2000/01, 
2001/02, and 2002/03, edition date June 30, 2002. 

Contact Person: Tracy Vergets, 320 W. 4111 Street, Suite 200, Los Angeles, California, 
90013; (213) 576-6661; tvcrgets@rb4.swrcb.ca.gov 

Sampling Method: Califomia Stream Bioassessment Procedure (CSBP) Rapid 
Bioassessment Protocol (RBP) 

Timeline of Sampling: 2001-Present 

Data Availability: currently 17 sties in the Santa Clara River sampled in 2001; 30 more 
to be sampled in 2002; 13 sites sampled in Calleguas Creek in 2001; 45 sites to be 
sampled in Santa Monica Bay WMA in 2003 with repeat sampling at 6 of the best 
stations in2004 & 2005; 12 stations to be sampled in the Dominguez Channel and 
LA/LB Harbor Watershed in 2003. 

Purpose of Bioassessment: 
• Ambient water quality monitoring 
• Establish reference conditions 
• Watershed characterization, assessment, trend monitoring 
• Determine attainment of beneficial uses 
• Assess biological integrity of surface waters 
• Detect biological responses to pollution 
• Identify probable causes of impainnent not detected by chemical or physical water 

quality analysis 

Description: 
The overall goal of the Site-Specific Monitoring pmiion of SWAMP is to develop site
specific information on representative sites or water bodies that are (1) lmown or suspected 
to have water quality problems and (2) known or suspected to be clean. This portion of 
SWAMP is focused on collecting information from sites in water bodies of the State that 
could be potentially listed or delisted under Clean Water Act Section 303(d). This 
workplan has been developed to implement the Site-Specific Monitoring Requirements of 
SWAMP per State Board directive. However, in Region 4, both the Site-Specific 
Monitoring goals an~ the Regional Monitoring goals have been integrated into one ambient 
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monitoring program. The scope encompasses the regional goals, while still obtaining site
specific information. 

Per AB 982, monitoring is required in each hydrologic unit of the State at least once 
every five years. Region 4 proposes to visit each hydrologic unit one year ahead of the 
WMI schedule for targeted watersheds, which rotate on a five-year cycle. In this 
strategy, data will be gathered, analyzed, and interpreted in time to use the following year 
during NPDES permit renewals and other ongoing activities within the targeted 
watershed. Ultimately, the information from these analyses will be used in the water 
quality assessment for the targeted watershed. Other uses of this data include, but are not 
limited to, development of the 305(b) report and 303(d) List ofWater Quality-Limited 
segments, TMDL development, and NPDES permit renewals. 

The sampling and analysis will be used to assess the ambient conditions of the 
watersheds in Los Angeles and Ventura counties, and will further delineate the nature, 
extent, and sources of toxic pollutants, which have been detected or are suspected to be 
problematic for this region and its individual watersheds. Where applicable, a triad 
approach (benthic community analysis, water chemistry, and toxicity testing) is being 
used. In addition, bioaccumulation tests, historically funded through the statewide 
Mussel Watch and Coastal Fish Contamination Programs, are being conducted in order to 
address possible human health concerns (contaminants in edible fish tissue) and 
ecological concerns (benthic community impacts), which may result if the contaminants 
at a site are bioavailable for uptake by organisms. These bioaccumulation tests will help 
to demonstrate the bioavailability of contaminants at these stations and may identify 
impaired beneficial uses. There is also a large focus on bioassessment, which historically 
has been overlooked. The bioassessment performed will follow the California Stream 
Bioassessment Protocol developed by CDFG, which focuses on the benthic 
macroinvertebrate assemblage and a physical habitat assessment. The information 
gathered will be used in trend analysis, identifying impaired beneficial uses, as well as 
potentially in the development of an index of biological integrity. 

Lahontan Regional Water Quality Control Board: Biological Assessment Program 

The primary objective of this program is to incorporate consideration ofbiological integrity into 
the many regulatory and watershed management functions of the Lahontan RWQCB. 

Contact Person: Thomas J. Suk, Regional Monitoring Coordinator, California Regional 
Water Quality Control Board, Lahontan Region, 2501 Lake Tahoe Blvd., South Lake 
Tahoe, CA 96150. Phone: (530) 542-5419; Email: <tsuk@rb6s.,swrcb.ca.gov> 

Sampling Methods: The Lahontan R WQCB is using and evaluating three different 
bioassessment sampling methods: (1) benthic macroinvertebrates, periphyton, and 
physical habitat assessments following protocols developed by Dr. David Herbst at the 
University of California's Sierra Nevada Aquatic Research Laboratory (SNARL); (2) 
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California Stream Bioassessment Procedures (CSBPs) developed by the California Dept. 
ofFish and Game; and (3) RIVPACS protocols being used in the Sierra Nevada by the 
U.S. Forest Service 

Timeline of Sampling: 1995 -present 

Data Availability: Approximately 350 surveys have been conducted at 200 sites in the 
Lahontan Region using the UC-SNARL method. At 40 of those 200 sites, sampling was 
conducted using three methods (e.g., UC-SNARL, CSBPs, RIVPACS) to facilitate 
quantitative comparison of the results provided by each ofthose three methods. At 
approx. 30 other sites (throughout the eastern Sierra Nevada) samples were collected 
using both the UC-SNARL and RIVPACS methods, and at 20 other sites (all in the 
Walker River drainage) samples were collected using both the UC-SNARL and USEPA
REMAP methods. Most of this data is not yet available, and lab identification and quality 
assurance procedures are still underway. 

Purpose of Bioassessment: 
• To establish regional "reference conditions" for benthic macroinvertebrates and 

periphyton in streams and rivers 
• To assess the impacts of human activities on the biological integrity of streams and 

rivers 
• To evaluate the effectiveness of stream & wetland restoration efforts, BMP 

implementation, and pennit conditions 
• To develop numeric targets for TMDLs 
• To develop narrative and numeric biocriteria 

Description: The Lahontan RWQCB began using bioassessment in 1995, in order to 
monitor the success of remediation efforts at the abandoned Leviathan Mine. A more 
concerted (i.e., region-wide} bioassessment program was begun in 1999, for the multiple 
purposes outlined above. 

The current regional-scale effort is focused on developing reference conditions (based on 
benthic macroinvertebrates and periphyton) for the eastern Sierra "ecoregion," which 
covers six major watershed basins (e.g., Truckee River, Tahoe Basin, Carson River, 
Walker River, Mono Basin,Upper Owens River). Streams in this ecoregion were 
stratified based on stream order, and minimally-impaired sites were selected from each 
class of streams; Sampling has been conducted during the summer reference period (i.e., 
late June to early September), using protocols developed by Dr. David Herbst of the 
University of California's Sierra Nevada Aquatic Research Laboratory. As ofthis writing 
(i.e., 2001), the effort has focused on data collection and lab identifications; analyses of 
the data are pending. 

The Lahontan RWQCB, via contract with the University of Califomia (SNARL), is also 
using bioassessment data to: (1) evaluate the effectiveness of several stream~ wetland 
restoration projects (e.g., Upper Truckee River, Bagley Valley); (2) evaluate the 
effectiveness ofBMP implementation (e.g., Upper West Walker River, Bridgeport 
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Valley); (3) monitor the success of remediation efforts at Leviathan Mine; (4) verify 
and/or assess the effectiveness of regulatory permits (e.g., fish hatcheries, Grover Hot 
Springs State Park); and (5) develop targets based on benthic macroinvertebrates for 
sediment TMDLs (e.g., Squaw Creek, Heavenly Valley Creek). 

The Lahontan RWQCB, via contract with the University of California (SNARL), is also 
conducting a comparison of three common bioassessment methods (e.g., DC-SNARL, 
CSBP, RIVPACS). Sampling was conducted using all three methods at forty (40) sites 
during the summer of2000. The objective of this study is to evaluate the potential 
strengths and weaknesses of the various methods for use by the RWQCB. 

Development of narrative and numeric biocriteria is a long-term goal of this project, and 
will be subject to available funding. 

McCloud River Preserve Aquatic Macroinvertebrate Monitoring Program 

The primary focus ofthis program is to document and analyze the aquatic macroinvertebrate 
community in the McCloud River and to use this information in conjunction with on-going water 
quality research to provide a baseline view of the state of the aquatic resources within the 
watershed. · 

Contact Person: John Crandall, McCloud River Preserve, P.O. Box 409, McCloud, CA 
96057 (530) 926-4386 

Sampling Method: California Stream Bioassessment Procedure (CSBP), Harrington 
(1996) 

Timeline of Sampling: started in 1998 at citizen's level, 1999-2001 at professional level 

Data Availability: All years data available (taxa and metrics) plus brief write-up for each 
year. 

Purpose of Bioassessment: 
• Assess water quality and the condition of aquatic ecosystems 
• Establish baseline measures for future monitoring 

Description: None provided. 

San Diego Regional Water Quality Control Board: Biological Assessment Program 

The primary objectives of this project are to introduce biological information to the San Diego 
Regional Water Quality Control Board's ambient monitoring program and to provide baseline 
data on the benthic macroinvertebrate BMI community in regional streams. 

Contact Person: Linda Pardy, 9174 Sky Park Court, Suite 100 San Diego, CA 92123 
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Sampling Method: California Stream Bioassessment Procedure (CSBP), Harrington 
(1996) 

Timeline of Sampling: May 1999 -Present 

Data Availability: Approximately 48 sites 

Purpose of Bioassessment: 
• To include biological infonnation in the San Diego RWQCB's ongoing water quality 

programs 
• To create a species list ofBMis known from the region 
• To establish a biological classification of different stream types in the region 
• To identify potential reference sites for the San Die,go regional bioassessments 
• To determine the best index period for sampling BMI communities 
• To select appropriate metrics for southern California stream bioassessments 
• To assist with 305(b) assessments, 303(d) listings, development ofTMDLs, 

assessments ofnonpoint sources (NPS), and assessments of effectiveness ofNPS 
management measures. 

• To develop biocriteria 

Description: 
The bioassessment program will evaluate the biological and physical integrity of targeted 
inland surface waters in the San Diego Region and is designed to meet an obligation to 
assess the condition of the Region's waters relative to attainment of water quality 
standards. Information developed will be used for the Section 305(b) Water Quality 
Assessment, the Section 303(d) list of impaired water bodies, development of Total 
Maximum Daily Loads (TMDLs), assessments ofnonpoint sources, and assessments of 
effectiveness of nonpoint source management measures. Information will also be used 
to define issues, set priorities, and evaluate effectiveness of actions under the Watershed 
Management Initiative. 

This ambient bioassessment program will put initial emphasis on biological community 
stmcture monitoring. Only after the biological information indicates impairment will 
samples be chemically analyzed. It is assumed that municipal storm water co
pennittees, the Regional Water Board, and citizen volunteer monitoring groups will be 
responsible for biological monitoring. The program will be in concert with the San 
Diego Region's Watershed Management Plan. 

The Regional Water Board will use the information gained from these bioassessments to 
identify areas of stream impairment and most likely causes. For the coastal lagoons 
identified as impaired, the bioassessments will help to identify those areas of the influent 
streams, which are most significant contributors of pollutants. With the accompanying 
data on water column and sediment chemistry provided by various sources, the Regional 
Water Board can initiate a scientifically based TMDL development for each of the 
impaired strem;ns and coastal water bodies. 
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In addition, the program will produce a workable IBI using a modified approach outlined 
by the USEPA. Ultimately, the results of this bioassessment program will be used to 
develop biocriteria, which will serve as the standard against which future assessment 
results are compared. 

San Francisco Bay Regional Water Quality Control Board- Surface Water Ambient 
Monitoring Program (SWAMP) 

Primary purpose is to establish screening-level ambient biological and physical monitoring in the 
region's streams along with chemical and toxicity monitoring, as well as establish reference 
conditions. Secondary purposes include impact characterization, pre- and post-project 
characterization, and support of regional efforts at habitat classification. 

Contact Person: Steve Moore and Karen Taberski, 1515 Clay St., #1400, Oakland, CA 
94612 (510) 622-2439; (510) 622-2424; smm@rb2.swrcb.ca.gov; kmt@rb2.swrcb.ca.gov 

Sampling Method: California Stream Bioassessment Procedure (CSBP) Rapid 
Bioassessment Protocol (RBP) 

Timeline of Sampling: 2001-Present; Spring Index Period (Mar- May) 

Data Availability: 72 sites in 2001; 49 sites in 2002 3rd year: estimated 45 sites in 2003. 
Watersheds sampled: 2001 -Lagunitas Cr., Walker Cr., Suisun Cr., San Pablo Cr., 
Wildcat Cr., Arroyo Las Positas, San Leandro Cr.; 2002- San Gregorio Cr., Pescadero 
Cr., Butano Cr., Stevens Cr., Permanente Cr.; 2003 -Petaluma R., San Antonio Cr. 
(Marin), San Mateo Cr., Mt Diablo Cr., Kirker Cr. 

Purpose of Bioassessment: 
• Ambient water qualitY monitoring 

• Establish reference conditions 

• NPDES permitting 

• Point-source/incident monitoring 

• Watershed characterization, assessment,· trend monitoring 

• Support habitat classification 

• Stream restoration monitoring 

Description: The three components that make up the Board's Regional Monitoring and 
Assessment Strategy (RMAS) include: 1) SWAMP funding from the State Water 
Resources Control Board for Regional Board-lead activities (these activities will 
concentrate on monitoring watersheds, lakes/reservoirs and bays and estuaries other than 
San Francisco Bay and will include other Regional Board programs such as State Mussel 
Watch, the Toxic Substances Monitoring Program and the Coastal Fish Contamination 
Program), 2) partner-lead watershed monitoring programs that are being conducted by 
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local agencies/groups and are of similar goals, structure and scope as the Regional Board
lead activities and 3) the San Francisco Estuary Regional Monitoring Program (RMP), 
funded by dischargers. Specific objectives ofthe Regional Board-lead SWAMP-funded 
monitoring program are to: 1) identify reference sites, 2) identify impacted sites or 
waterbodies in order to determine if beneficial uses are being protected, 3) identify the 
cause of impacts (i.e., sediment, specific chemical contaminants, temperature), 4) 
determine if these impacts are ass<?ciated with specific land uses and 5) evaluate 
monitoring tools in watersheds in order to develop a program that uses the best 
environmental indicators to achieve the purposes of the program. Data developed in this 
program will be used for evaluating waterbodies for the Clean Water Act Section 305b 
report and the 303d list. Data will include physical, chemical, and biological 
information. 

Santa Clara Valley Project 

The primary focus of this project is to examine the factors influencing the development of 
bioindicators based on !otic macroinvertebrate assemblages in urban environmental settings. 
Little is known of the specific factors found in urban environmental settings that affect 
macroinvertebrate distributions. Detennining the natural and anthropogenic factors that most 
influence the distribution of macroinvertebrates is a necessary step prior to developing 
bioindicators based on resident macroinvertebrate assemblages found in urban streams. 

Contact Person: Dr. James L. Carter, US Geological Survey, 345 Middlefield Road 
Mail Stop 465, Menlo Park, CA, 94025 

Sampling Method: Two macroinvertebrate collection methods were used. First, a semi
quantitative method that consisted of compositing 5 - 0.1 m2 collections made from riffle 
habitats. Each of the 5 collections per sample was systematically located. Second, a 
multi-habitat collection made by collecting macroinvertebrates from all habitats in a 
reach (=1 pool/riffle sequence). Collecting effort was partitioned based on the percentage 
composition of various invertebrate habitat types found in the sampled reach. All 
collections were made using aD-frame kicknet fitted with a 500 !liD mesh. 

Timeline ofSampling: Samples were collected in May 1997 and September/October 1998. 

Data Availability: 85 sites from 14 streams in the Santa Clara Valley area. These include: 
San Francisquito Ck Ross Ck. Saratoga Ck. Arroyo Calero 
Guadelupe River Coyote Ck. Corte Madera Ck. Guadelupe Ck. 
Los Gatos Ck. Penitencia Ck. Los Trances Ck. Alamitos Ck. 
Stevens Ck. Barret Ck. 

Pwpose of Bioassessment: 
• Develop a baseline data set representing the distribution of benthic 

macroinvertebrates in the Santa Clara Valh~y area. 
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• Development of a macro invertebrate dataset for evaluating the level of field and 
laboratory effort needed to conduct bioassessments. 

• Establish the relationships between benthic macroinvertebrate assemblage 
composition and physical and chemical factors associated with an urban 
environmental setting. 

Description: 
Fourteen streams were Sampling locations were+/- equidistant, with sites set at 
approximately 2 km intervals. Eighty-five sites were sampled in total. The downstream 
limit of sampling was either the point of assumed or observed intermittent flow or where 
there appeared to be a tidal influence. The upstream limit was approximately 300 m. 
Sampling at all sites for both types of invertebrate collections occurred during May 1997 
and for riffle collections only during September/October 1998. 

Depth and velocity were measured at each riffle subsample location (5 locations per 
riffle). At each riffle DO, temperature, conductivity, and pH were measured at the time of 
invertebrate sampling. Qualitative estimates of riparian vegetation; instream algal and 
macrophyte cover also were made. Quantitative measures of channel morphology and 
pebble counts were made at each site. Lastly, dissolved nutrients and trace metals were 
measured at each site. 

For more information see: 
Carter, J. L., and S. V. Fend. 2000. The Distribution and Abundance ofLotic 
Macroinvertebrates during Spring 1997 in Seven Streams of the Western Santa Clara 
Valley area, California. U.S. Geological Survey, Open-File Report 00-346. 

Carter, J. L., and S. V. Fend. 2000. The Distribution and Abundane<e ofLotic 
Macroinvertebrates during Spring 1997 in Seven Streams ofthe Santa Clara Valley area, 
California. U.S. Geological Survey, Open-File Report 00-68. 

Tecolote Creek and Alvarado Creek Bioassessment Studies 

The purpose of the Tecolote Creek and Alvarado Creek Bioassessment Studies is to assess 
impacts due to a sewage spill. 

Contact Person: Andre Macedo, City of San Diego, Environmental Monitoring & 
Technical Services Division, 14103 Highland Valley Road, Escondido, CA. 92025 (858) 
53 8-8193, amacedo(Ci:{sanc!i ego. gov 

Sampling Method: California Stream Bioassessment Procedure (CSBP) Rapid 
Bioassessment Protocol (RBP) 

Timeline of Sampling: May 2000-Present 
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Data Availability: 3 sites in 2000, 4 sites in 2001, and 5 sites in 2002located in the San 
Diego Watershed. 

Purpose of Bioassessment: 
• Point-source/incident 

Description: None provided. 

Truckee River Aquatic Monitors Bioassessment Program 

The primary purpose of this program is to obtain data for watershed characterization, assessment, 
and trend monitoring in addition to educating the public and decision makers. Secondary 
purposes include ambient water quality monitoring, pre- and post-project monitoring, and 
establishing reference conditions in the watershed. 

Contact Person: Jill Wilson, 2501 Lake Tahoe Blvd., South Lake Tahoe, CA 96150 
(530) 542-5449 jwilson@,rb6s.swrcb.ca.gov 

Sampling Method: California Stream Bioassessment Procedure (CSBP) Rapid 
Bioassessment Protocol (RBP) 

Timeline of Sampling: 1999-Present 

Data Availability: Approximately 3-5 per year throughout the Truckee River Watershed 

Purpose of Bioassessment: 
• Ambient water quality monitoring 

• Establish reference conditions 

• Watershed characterization, assessment, trend monitoring 

• Support habitat classification 

• Stream restoration monitoring 
• Education 

Description: TRAM is an all-volunteer group that follows the CSBP protocol to collect 
samples. Sampling occurs within the Truckee River Watershed from the Lake Tahoe 
outlet to the California state line. Most samples are sent out for professional 
identification. However, during the winter the group does do some of its own 
identification at the CSBP citizen's level. 

UCLA/Los Angeles Regional Water Quality Control Board Biological Assessment Project 

The purpose of this project is to determine the biological health of streams relative to land use in 
three southern California watersheds (Malibu, Calleguas, and Santa Clara) using modifications to 
existing protocols. This work was conducted by University of California Los Angeles and 
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funded by Los Angeles Regional Water Quality Control Board with the goal of collecting data 
that would be used in the generation of nutrient TMDL' s for southern California watersheds, but 
in so doing, new methods were explored for determining the relationship between human 
influences and the biological health of streams. 

Contact Person: Steven F. Lee M.S. and Rich Ambrose, Ph.D. UCLA. 
Department of Environmental Health Sciences, 46-059 CHS Building, Los Angeles, CA 
90095-1772 

Sampling. Method: Combination of CSBP (Harrington and Born, 2000) and modified 
USEPA REMAP, Lazorchak and Klemm (1994) methods. 

Time line of Sampling: Fall, 2001 season 

Data Availability: -40 sites throughout three Southern California watersheds (Malibu, 
Calleguas, and Santa Clara). Data are public and will be available through LARWQCB 
sometime in the middle of 2002. 

Purpose of Bioassessment: 
• Determine the health of biological communities relative to human land use, 

incorporating new methodologies and metrics 
• Collect data for use by Los Angeles RWQCB in the generation of nutrient TMDL's. 

Description: Benthic invertebrates were collected according to CSBP methods to keep data 
comparable to other state agency bioassessment work, but then a modified EMAP-type 
protocol was superimposed over the riffle/reach to collect data on stream morphology, 
physical habitat, riparian vegetation, fish and fish habitat etc. Site selection involved 
targeted reaches rather than a probabilistic approach. The reach length and the number of 
transects were reduced, but with expanded data taken at each transect. We feel this was 
appropriate because 1. we targeted more homogeneous sites and 2. these southern 
California stream reaches tend to be more homogeneous in general. In addition, data for 
percent cover of macro algae, vascular macrophytes, and diatoms, macro algae biomass, 
and light meter measurements were added to the protocol. Streamside riparian vegetation 
data were enhanced with focus on cover of native and introduced species. More 
extensive data were taken alongside the benthic invertebrates including light meter 
readings, macroalgae, macrophyte, and diatom data, and substrate type including percent 
composition, embeddedness, and consolidation. 

Upper Putah Creek Citizen Based Watershed Management Program 

The Stewardship will organize, train and supervise citizen volunteers to monitor impacts to 
Upper Putah Creek and its tributaries from sediment and other non-point pollution sources and 
translate findings into restoration projects for the Stewardship to implement. 
Funded by a 319(h) grant administered by Placer County Resource Conservation District. 
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Contact Person: Dwight Holford, Project Coordinator, Box 27 Middletown, CA 95461-
0027 707-987-2600 showmums@jps.nct 

Sampling Method: California Stream Bioassessment Procedure (CSBP), Harrington and 
Born 2000 

Timeline of Sampling: 2000-2002 

Data Availability: March 2002 

Purpose of Bioassessment: 
• Support CA State bioassessment program 
• Train citizen monitors 
• Establish bioassessment program in the Upper Putah Creek Watershed 
• Produce restoration projects 
• Establish base for biocriteria in watershed 

Description: 
A team of citizen monitors has been established, led by a Ph.D. scientific advisor. By the 
end of this 319(h) project they will have surveyed the upper third of the watershed. A 
restoration project for St. Helena Creek will be proposed. They are helping other 
watershed groups establish bioassessment programs. They are also involved in 
education/outreach programs. 

U.S. Environmental Protection Agency Central Valley Regional Environmental Monitoring 
and Assessment Program (REMAP) 

The Central Valley REMAP project focused on assessing the biological integrity of agriculture
dominated waterbodies located throughout California's Central Valley, which comprises more 
than 48,000 miles of surface water and 16 percent of the land_area of California and is one of the 
nation's most productive agricultural areas. 

Contact Person: Peter Husby, USEPA Region 9 Laboratmy, 1337 S. 46th St.; Bldg. 
201, Richmond, CA 94804 

Sampling Method: USEPA EMAP, Lazorchak and Klemm (1994) 

Timeline of Sampling: 1994-1995 

Data Availability: Approximately 87 sites in the Sacramento-San Joaquin Valley, 
covering approximately 24,000 square miles. 

Pwpose of Bioassessment: 
• Support State of CA bioassessment and monitoring 
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• Assess the biotic condition of surface waters in a highly modified agriculturally 
influenced ecosystem. 

• Determine variability of aquatic organisms in natural and man-made conveyances 
within the Central Valley. 

Description: REMAP was initiated to test the applicability of the EMAP approach to 
answer questions about ecological conditions at regional and local scales. Using 
EMAP's statistical design and indicator concepts, REMAP conducts projects at smaller 
geographic scales and in shorter time frames than the national EMAP program. EMAP is 
a research program to develop the tools necessary to monitor and assess the status and 
trends of national ecological resources. EMAP's goal is to develop the scientific 
understanding for translating environmental monitoring data from multiple spatial and 
temporal scales into assessments of ecological condition and forecasts of the future risks 
to the sustainability of our natural resources. The objectives of REMAP are to: 1) 
evaluate and improve EMAP concepts for state and local use, 2) assess the applicability 
ofEMAP indicators at differing spatial scales, and 3) demonstrate the utility ofEMAP 
for resolving issues of importance to EPA Regions and states. 

U.S. Forest Service- Pacific Southwest Region (California) Bioassessment Program 

The primary focus is on establishing reference conditions by collecting macroinvertebrates from 
a network of both perennial and intermittent }N'adeable streams throughout the entire state of CA, 
mainly on Forest Service lands. There are 18 national forests in the region (Angeles, Cleveland, 
Eldorado, Inyo, Klamath, Lassen, Lake Tahoe Basin Management Unit, Mendocino, Modoc, 
Plumas, San Bernardino, Sequoia, Shasta-Trinity, Sierra, Six Rivers, Stanislaus and Tahoe) 

Contact Person: Joseph Furnish, Ecosystem Conservation Division, 1323 Club Drive, 
Vallejo, CA 94592 

Sampling Method: Hawkins, Ostermiller, and Vinson (1998) 

Timeline of Sampling: 2000 - present 

Data Availability: Approximately 176 sites in 2000 and 85 sites in 2001 located in the 
following watersheds: Klamath- North Coastal; Sacramento; Tulare-Buena Vista; San 
Joaquin; Central Lahontan; Central California Coastal; South California Coastal; North 
Mojave- Mono Lake. 

Purpose of Bioassessment: 
• Development of biocriteria and bioassessment protocol 
• Monitoring of impacts from timber harvest, grazing and mining activities 
• Ensure compliance with the Clean Water Act 
• TMDL implementation 
• Reference site characterization 
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Description: The primary effort has been on establishing reference condition by 
collecting macroinvertebrates from a network of both perennial and intermittent wadeable 
streams, tJ1at can serve as the basis for monitoring biological integrity and determining 
whether water quality has been degraded compared to reference condition. Reference 
condition will be based on development of a predictive RIVP ACS (River In Vertebrate 
Prediction And Classification System) model. Standard EPA Metrics will also be 
considered for use if it is determined that they are sensitive to disturbances at the site and 
watershed (approximately 10,000-50,000 acre) scale. 

U.S. Geological Survey: National Water Quality Assessment (NA WQA) Program 

The U.S. Geological Survey (USGS) implemented the National Water-Quality Assessment 
(NA WQA) Program to describe the status of and trends in the quality of the nation's surface 
water and ground water and to provide scientific understanding of the natural and human
induced factors that affect water quality. 

Contact Person: Larry Brown, Placer Hall, 6000 J St, Sacramento, CA 95819-6129 

Sampling Method: USGS NA WQA 

Timeline of Sampling: San Joaquin-Tulare Basins 1992-95; Sacramento Basin 1995-98; 
Santa Ana Basin 1998-Present. 

Data Availability: 17 sites in San Joaquin-Tulare Basins; 23 sites in Sacramento Basin; 
and 4 sites in Santa Ana Basin. 

Purpose of Bioassessment: 

• Describe current water-quality conditions for a large part of the Nation's freshwater 
streams. 

• Describe how water quality is changing over time, and 

• Improve our understanding of the primary natural and human factors affecting water 
quality. 

Description: Since 1991, the NA WQA program has been collecting and analyzing data 
and information in more than 50 major river basins and aquifers across the Nation. The 
goal is to develop long-term consistent and comparable infonnation on streams, ground 
water, and aquatic ecosystems to support sound management and policy decisions. Three 
major river basins in Califomia were assessed as part of this program: 1) Sacramento 
Basin, 2) San Joaquin-Tulare Basins, and 3) Santa Ana Basin. 

Studies in the San Joaquin-Tulare Basins NA WQA Study Unit focus on the status of and 
the processes influencing the quality of surface water, grow1d water, and aquatic ecology. 
The Study Unit is located in central California and includes the San Joaquin Valley, the 
eastern slope of the Coast Ranges and the western slope ofthe Sierra Nevada. 
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In 1994, the Sacramento River Basin study unit team began planning assessment 
activities. The basin was subdivided into six physiographic subJ.mits and nine ecological 
subunits that were determined to be the most influential natural factors affecting water 
quality. Stream sampling began in 1995 and lasted until April1998. Much ofthe data 
collection focused on the Sacramento Valley and Klamath Mountain subunits, but 
ecological sampling also included the Cascade Mountains and Sierra Nevada subunits. 
Hundreds of water-quality characteristics were measured in different media during this 
time, including ground water, stream water, streambed sediments, and aquatic biological 
tissues. Fish, invertebrate, and a1gal communities and stream habitat also were sampled 
or assessed. In addition, spatial data such as geology, land use, hydrography, and other 
watershed characteristics were compiled into a geographic information system (GIS) to 
support the assessment. After April 1998, the project entered a period ofless frequent 
sampling called the low-intensity phase. 

The Santa Ana Basin study began in 1997. Study planning and analysis of existing data 
was done during the first 2 years of the study. After that 2-year planning period, surface
and ground-water and biological data were collected intensively for 3 years (termed the 
high-intensity phase). A low-intensity phase will follow for 6 years, during which water 
quality is monitored at a limited number of sites and areas that were sampled during the 
high-intensity phase. This combination of high- and low-intensity monitoring phases 
allows the NA WQA Program to examine long-term trends in water quality and aquatic 
ecology. 

Ventura River Bioassessment Monitoring Program 

The main purpose of this program is to assess the biological condition ofthe Ventura County 
Watershed and to ensure compliance with NPDES permit requirements. 

Contact Person: Darla \Yise, County of Ventura Flood Control Department, (805) 645-
3942 

Sampling Method: California Stream Bioassessment Procedure (CSBP), Harrington 
(1996) . 

Tbneline of Sampling: Annual sampling Fall200 1- Present, 

Data Availability: 15 sites 

Purpose of Bioassessment: 
• Assess biological health in the watershed 
• Ensure compliance with NPDES permit requirements 

Description: Bioassessments are conducted as part of an overall program 
to assess water quality for storm water monitoring throughout the Ventura County 
Watershed. In addition to collecting biological samples, they also look at conventional 
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water quality 
parameters. They also have a group of volunteers who collect water quality samples on a 
monthly basis at the bioassessment sites. Recently acquired a Water Sonde and anticipate 
monitoring nutrients (nitrate, nitrite and ammonia) chlorophyll a in addition to basic 
water quality parameters. Also plan to monitor fecal coliform and streptrococcus bacteria 
in future monitoring efforts. 

Yurok Tribe Water Quality Program 

The primary focus of this program is to provide ambient water quality data for the Klamath River 
watershed. 

Contact Person: Kevin McKernan, PO Box 355 Orick, CA 95555 
(707) 834-2536 I kcvinmck@rcn.inet.com 

Sampling Method: California Stream Bioassessment Procedure (CSBP) Rapid· 
Bioassessment Protocol (RBP) 

Timeline of Sampling: 2001- Present. Spring & Fall index periods 

Data Availability: 30 sites in the Klamath River Watershed. 

Purpose of Bioassessment: 
• ambient water quality monitoring 

• research 

• point-source/incident 

• watershed characterization, assessment, trend monitoring 

• establish reference conditions 

• stream restoration 

• education 

Description: Sites include mainstem Klamath River during low flow conditions, bio
metrics used to support ambient physical and chemical monitoring. Sites in Lower 
Klamath tributaries support ambient physical and chemical monitoring, watershed trends, 
presence/absence of forest herbicide impacts. 
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Appendix B CANDIDATE METHODS 

This section includes the complete information on the key program elements (i.e., habitat 
selection, sampling gear, sampling method, area sampled, replication, subsampling and 
enumeration, taxonomic identification, quality assurance procedures, data analysis/metrics, 
habitat assessment, and purpose for monitoring), which is summarized in Chapter 3. 

California Department of Fish and Game -Aquatic Bioassessment Laboratory 

DFG was the first water resource agency to be asked to assess the condition of a freshwater 
stream using the U.S. EPA's Rapid Bioassessment Procedure (RBPs) (Plafkin et al. 1989). The 
Lahontan Board requested the assessment in 1993 as part of the NPDES requirement of the DFG 
Hot Creek Hatchery in Mono County. The request necessitated the need to adapt the RBPs to 
California and the resulting protocol became the California Stream Bioassessment Procedure 
(CSBP). Because the CSBP was developed for a point-source assessment, it incorporated the use 
of replicated sampling of a single, richest habitat. Although not consistent with the RBP, DFG 
decided on this procedure for the following reasons: a) the immediate need for bioassessment 
was for point-source assessments, enforcements and diagnosis of known, but undocumented 
water quality impairment; b) there was no interest, at that time, in using bioassessment as an 
ambient monitoring tool; and c) the ability to produce a measure of biological metric variability 
at every monitoring site was deemed necessary to convince water resource managers of the 
robustness of biological assessments. 

The CSBP is a regional adaptation of the U.S. Environmental Protection Agency (EPA) Rapid 
Bioassessment Protocols (Barbour et al. 1999). The CSBP was reviewed and refined by a 
CABW workgroup in 1994 and 1995 resulting in an updated version in 1996. The CSBP for 
wadeable streams and rivers has remained consistent over the years and is recognized by the U.S. 
EPA as California's standardized bioassessment procedure (Davis et al. 1996). Since 1993, the 
ABL has processed nearly 9000 samples collected using the CSBP at more than 2500 sites 
throughout California. Thousands of additional CSBP samples have been collected and 
processed by other entities. In addition to the CSBP for wadeable streams and rivers, as of 2002, 
there are versions of the CSBP for non-wadeable streams (draft), citizen monitors, lentic 
environments (California Lentic Bioassessment Procedure), and there is also a modification of 
the CSBP in which samples are composited for sites that are part of an ambient bioassessment 
program (this CSBP modification has been adopted by the Nevada DEQ). 

1) Habitat selection: Riffle habitat is the only habitat sampled using this method. A stream 
reach is chosen that contains at least five riffles within the same order and relative 
gradient. If no riffles are present, or less than five within a reasoi1able distance, the reach 
is detern1ined as 40 times the wetted width with a minimum reach length of 150 m and a 
maximum length of 500 m. 

2) Sampling gear: All samples are collected using aD-frame kicknet with 500 )liD mesh 
netting. 
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3) Sampling method: CSBP utilizes separate point and non-point source sampling designs 
when conducting ambient bioassessments. When sampling for point source discharges, at 
least one riffle in the unaffected upstream portion of the reach and one or more riffles in 
the affected portion of the reach are sampled; one sample is collected from three 
randomly chosen transects in each riffle. On the other hand, when sampling for non
point source discharges, one sample is collected from the upstream third of 3 randomly 
chosen riffles. 

Point Source Design 
Step 1. A measuring tape is placed along the bank of the entire riffle selected. Each · 

meter or 3 foot mark represents a possible transect location. Three transects perpendicular 
to the flow are selected from all possible meter marks along the measuring tape using a 
random number table. 

Step 2. Three locations are chosen along the transect where the samples are to be 
collected. If the substrate is fairly similar and there is no structure along the transect, the 

·three locations will be on the side margins and the center of the stream. Ifthere is 
substrate and structure complexity along the transect, the three locations are selected to 
best reflect it. 

·Step 3. Starting downstream, collections are made by placing the D-frame kick-net 
onto the substrate and disturbing a one by two foot portion of substrate upstream of the 
kick-net to approximately 4-6 inches in depth. Large rocks are scrubbed by hand under 
water in front of the net. A consistent sampling effort (ap·proximately one to truee 
minutes) is maintained at each site. The 3 collections within the transect are combined to 
make one "composite" sample. 

Step 4. The contents of the kick-net are placed in a standard size 35 sieve (0.5 mm 
mesh) or white enameled tray. The larger twigs, leaves and rocks are removed by hand 
after carefully inspecting for clinging organisms. The sampled material and label are 
placed in ajar and completely fill with 95% ethanol. 

Step 5. Proceeding upstream, repeat Steps 2 and 3 for the next two randomly chosen 
transects within the riffle. 

Non-point Source Design 
Step 1. Three of the five riffles within the selected reach are randomly chosen using a 

random number table. 
Step 2. A measuring tape is placed along the bank of the entire riffle selected. One 

transect is selected from all possible meter marks along the top third of the riffle using a 
random number table. 

Steps 3-6. Follow steps 2-5 for point source sampling. 

4) Area sampled: The total area sampled per composite sample, or transect, is 0.54 m2
• 

Since there are 3 transects sampled per site, the total area sampled at each site is 1.62 m2
. 

5) Replication: Three replicate composite samples are collected from each site. 

6) Subsampling and enumeration: 
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Step 1. The contents of the sample jar is emptied into the # 35 sieve (0.5 mmmesh) 
and thoroughly rinsed with water. 

Step 2. Once the sample is rinsed, debris larger than 2 inch is removed. Green 
leaves, twigs and rocks are also discarded. 

Step 3. The cleaned material is placed into a plastic tray marked with equally sized, 
numbered grids (approximately two by two inches). Do not allow any excess water into 
the tray. The moist, cleaned debris is spread on the bottom of the tray using as many grids 
necessary to obtain an approximate thickness of 2 inch. 

Step 4. Randomly chosen grids are removed and sorted until 300 macroinvertebrates 
are counted. The specimens are placed in a clean petri dish containing 70% ethanol/5% 
glycerin. The remaining organisms in the last grid are counted but are not included with 
the 300 used for identification. 

7) Taxonomic identification: 300 specimens from each sample are identified to the 
standardized level (genus and/or species) using appropriate taxonomic keys. Identified 
specimens are placed in individual glass vials for each taxon. Each vial contains a label 
with taxonomic name, bioassessment laboratory number, stream, county, collection date 
and collector's name. The voucher collection is labeled and returned to the Sample 
Depository. 

8) Quality assurance procedures: 
QA for Collecting Macroinvertebrate Samples 
The following procedures are implemented to help field crews collect unbiased and 
consistent macroinvertebrate samples: 
1. Most sampling reaches should contain riffles that are at least 10 meters long, one meter 
wide and have a homogenous gravel/cobble substrate with swift water velocity. However, 
there are approved modifications of the CSBP when these conditions do not exist. 
2. A DFG biologist or project supervisor trains all field crews in the use of the 
macroinvertebrate sampling procedures described in the CSBP. Field persmmel are to 
review the CSBPs before each field season. 
3. During the training, crew members practice collecting BMI samples as described in the 
CSBP. The 2 ft2 area upstream of the sampling device is delineated using the measuring 
tape or a metal grid and the colleetioi1 effort is timed. The method is practiced repeatedly 
until each crew member has demonstrated sampling consistency. Throughout the 
sampling season, sampling effort is timed and sampled area is measured for 
approximately 20% ofthe sampling events. 

QA for Measuring Physical/Habitat Quality 
The following procedures will help to standardize individual observations to reduce 
differences in scores: 
1. A DFG biologist or a project supervisor trains field crews in the use ofthe EPA 
physical/habitat assessment procedures. Field personnel are to review these procedures 
before each field season. 
2. At the beginning of each field season, all crew members are to conduct a 
physical/habitat assessment of two practice stream reaches. The first stream reach is 
assessed as a team and each of the 10 physical/habitat parameters described in the EPA 
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procedure is discussed in detail. The second stream reach is assessed individually and 
when members are finished, the 10 parameters are discussed and discrepancies are 
resolved. 
3.Crews or individuals assessing physical/habitat quality are to frequently mix personnel 
or alternate assessment responsibilities. At the end of each field day, crew members are to 
discuss habitat assessment results and resolve discrepancies. 
4.The Project Supervisor randomly pre-selects 10- 20% of the stream reaches where each 
crew member will be asked to assess the physical/habitat parameters separately. The 
discrepancies in individual crew member scores should be discussed and resolved with 
the Project Supervisor. 

QA for the Laboratory 
The CSBP uses the following procedures in the bioassessment laboratory 
to ensure that quality data is produced: 

Subsampling - The Subsampling Technician systematically transfers organisms from 
the sample to a collection vial then transfers the processed sample debris (remnant) into a 
Remnant jar. At least 10% ofthe Remnant samples are examined by the QA Taxonomist 
for organisms that may have been overlooked during subsampling. For subsamples 
containing 300 or more organisms, the Remnant sample should contain fewer than 10% 
of the total organisms subsampled. The Remnant for samples containing fewer than300 
organisms should contain fewer than 30 organisms. 

Taxonomic Identification and Enumeration - The QA Taxonomist checks at least 
10% of the samples for taxonomic accuracy and enumeration of individuals within each 
taxon. The same sample numbers that were selected randomly for the subsampling 
quality control should be used for this procedure. Misidentifications and/or taxonomic 
discrepancies as well as enumeration errors are noted on the laboratory benchsheets. The 
Laboratory Supervisor determines if the errors warrant corrective action. 

Organism Recovery - During the sorting and identification process organisms may be 
lost, miscounted or discarded. Taxonomists will record the number of organisms. 
discarded and a justification for discarding on the laboratory benchsheets. Organisms 
may be discarded for several reasons including: 1) subsampler mistakes (e.g. inclusion of 
terrestrial or semi-aquatic organi~ms or exuviae), 2) small size(< 0.5 mm), 3) poor 
condition or 4) fragments of organisms. The number of organisms recovered at the end of 
sample processing is recorded and a percent recovery determined for all samples. 
Concern is warranted when organism recoveries fall below 90%. Samples with recoveries 
below 90% are checked for counting errors and laboratory benchsheets are checked to 
determine the number of discarded organisms. If the number of discarded organisms is 
high, then the technician that performed the subsampling is informed and re-trained if 
necessary. 

Corrective Action - Any quality control parameter that is considered out of range is 
followed by a sta~dard corrective action that includes two levels. Level I corrective 
action includes an investigation for the source of error or discrepancy derived from the 
quality control parameter. Level II corrective action includes checking all samples for the 
error derived from the quality control parameter but is initiated only .after the results of 
the Level I process justify it. The decision to initiate Level II corrective action and 
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reanalyze samples or conduct quality control on additional samples is made by the 
Laboratory Supervisor. · 

Interlaboratory Taxonomic Validation- An extemallaboratory or taxonomic 
specialist is consulted on a regular basis to verify taxonomic accuracy. Extemal 
validation can be performed on selected taxa to help the laboratory taxonomists with 
problem groups of BMis and to verify representative specimens of all taxa assembled in a 
reference collection. 

Bioassessment Validation- The CSBP recommends at least 10% bioassessment 
validation where whole samples of 300 identified specimens are randomly selected from 
all samples either for a particular project or for all samples processed within a set time 
period such as each 6 months or a year. The labels are removed from the vials and 
replaced with a coded label that does not show the taxonomic name of the specimens. 
The validation laboratory or specialist is to identify and enumerate all specimens in each 
vial and produce a taxonomic list. There will inevitably be some disagreements between 
the bioassessment and the extemallaboratory on taxonomic identification. These taxa 
should be re-examined by both parties and a resolution reached before a final QA report 
is written. 

9) Data analysis/Metrics: The CSBP analysis procedures are based on the EPA=s multi
metric approach to bioassessment data analysis. A taxonomic list of the 
macroinvertebrates identified in each sample is generated for each project along with a 
table of sample values and means for the biological metrics listed in the table below. 
Variability of the sample values are expressed as the CV. Significance testing is used for 
point source sampling programs and ranking procedures are used to compare sites 
sampled using the non-point sampling design. 

1 0) Habitat assessment: Physical/habitat parameters are assessed using a ranking system 
ranging from optimal to poor condition. This rapid ranking system is derived from the 
procedures outline in the "Revised Rapid Bioassessment Protocols for use in Streams and 
Rivers" (Barbour et al. 1999), and relies on visual evaluation and is inherently subjective. 
The following ten parameters are evaluated and ranked: 1) epifaunal substrate/available 
cover, 2) embeddedness, 3) velocity/depth regimes, 4) sediment deposition, 5) channel 
flow status, 6) channel alteration, 7) frequency ofriffles (or bends), 8) bank stability, 9) 
vegetative protection, 1 0) riparian vegetative zone width. In addition to EPA RBP 
habitat measures, the CSBP also evaluates measures cover, quantitative substrate, pebble 
count, substrate consolidation, depth and width, and velocity. 

11) Pwposefor monitoring: 
• Enforcement and resource damage assessment 
• Use attainability 
• Ambient monitoring 
• Special studies and research 
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United States Forest Service Pacific Southwest Region (California) 
Bioassessment Program 

The US Forest Service uses a method developed at Utah State University by Charles Hawkins, 
Jeff Ostermiller, and Mark Vinson. The invertebrate protocols were modified from the designs 
used by the states of Oregon and Washington and the Bureau ofLand Management's National 
Monitoring Center. 

1) Habitat selection: Sampling is done at the first fast-water (e.g., riffles, runs) habitat 
encountered at the site and will continue upstream for the next three fast-water habitat 
units. If no fast-water habitats occur, eight constant area samples are taken from shallow, 
slow-water habitat units. 

2) Sampling gear: All samples are collected using a Surber sampler (0.09m2
) with 500 fll11 

mesh netting and a one meter long net to prevent backwashing. 

ll Sampling method: Two types of samples are collected at each site: 1) a series of eight 
fixed area samples taken from four fast-water habitat units and 2) a single 10-minute 
qualitative sample taken from all major habitat types approximately in proportion to their 
occurrence. 

Fixed Area Samples 
Net placement within each habitat unit is determined by generating two pairs of random 
numbers between 0 and 9. The first number in each pair (multiplied by 10) represents 
the percent upstream along the habitat unit's length. The second number in each pai:r 
represents the percent of the stream's width from bank left. This process is repeated to 
locate the second sampling location. Samples are taken where the length and width 
distances intersect. If it is not possible to take a sample at one or both of these locations, 
additional random numbers are drawn. Invertebrates are collected from within the 
0.09m2 area in front of the sampler starting from the upstream edge of the sampling plot 
and working downstream. Large stones are rubbed and inspected to ensure that all 
organisms are dislodge and collected. After removing all large stones, small substrates 
(i.e., sand or gravel) are disturbed to a depth of approximately 10 em by raking and 
stirring until no additional organisms or organic matter is being washed i:nto the net. 

1 0-Minute Qualitative Samples 
The area is visually appraised and the proportion of different habitat types is estimated. 
The 10-minute sampling period is apportioned so that each of the habitat types is sampled 
roughly in proportion to their occurrence. 

4) Area sampled: The total area sampledper fixed area composite is 0.72m2
. The total area 

for the fixed time sample is highly variable. 

5) Replication: There are no replicate samples collected using this method. 
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6). Subsampling and enumeration: The following is a step-by-step description of how 
quantitative benthic macroinvertebrate samples are processed: 

Step 1. The sample is poured through an appropriately sized 250 f.l.m sieve. If the 
sample contains a lot of sand and gravel, the organic matter will need to be decanted. 
The entire sample is then poured from the sieve into a bucket partially filled with water. 
The bucket is swirled so that the organisms and organic matter become suspended in the 
water column and the heavier sand and gravel falls·to the bottom. The water and floating 
organisms are carefully decanted back through the sieve. Water.is continually added to 
the bucket and decanted until no organic matter remains in the bucket. When finished, the 
remaining material in the bucket is closely examined and any caddis flies, snails, clams, 
or other animals that remain are picked out. These organisms are added to those on the 
sieve. 

Step 2. The sample on the sieve is rinsed under the faucet to wash additional fine 
particles and silt away. 

Step 3. The sieve is then placed in an enamel pan or bucket that is partially filled with 
water and the sample is "floated" so that it becomes level within the sieve. Once leveled, 
the sieve is carefully removed from the enamel pan. An appropriately sized separator bar 
is placed into the sieve to split the material in the sieve in half. 

Step 4. A coin is flipped to determine which half of the sample is to be processed 
(heads= right or top, tails= left or bottom). The portion of the sample to be processed is 
kept in the sieve, and the other half is transferred into a cup using a spoon or rinsed into 
the cup using an alcohol filled squeeze bottle. The cup is covered with ParaFilm and the 
portion or split of the sample is written on the lid, e.g., 50%. If it appears that less than 
50% of the sample will be sorted, the sieve is placed back in the enamel pan and the 
material is re-floated to level it, and repeat the same process described above until it 
appears that approximately 5 00 organisms remain in one-half of the sieve. Once a split is 
started it must be finished to its entirety. 

Step 5. The material to be sorted is placed little-by-little into a petri dish and all 
organisms within the petri dish are removed under a dissecting microscope at 7-20x 
magnification. As the organisms are removed, they are counted and separated into 
different taxonomic orders. Some representative individuals of the following groups are 
removed from the sample but not counted as part of the 500 bugs: 
• eggs • broodingjuveniles, e.g., small 
• exuviae, molt skins amphipods 
• adult insects - terrestrial or • zooplankton 

aquatic • Collembola 
• empty snail shells 
All worms are put in the non-insect vial, but are not counted as part of the 500 bugs. 
Additional portions of the sample (splits) are sorted until at least 500 organisms are 
found. The target is to sort between 500 and 550 bugs. If 600 organisms are exceeded, the 
entire sample must be redone. 
Step 6. When 500 bugs have been removed, the entire sample is spread evenly throughout 
a large white enamel pan. The pan is systematically searched for 10 minutes, and any 
organisms that have not been found in the split samples thus far are removed. These bugs 
are placed into a separate vial labeled "B/R" for "Big/Rare". 
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7) Taxonomic identification: Insects are primarily identified to the genus level, 
Chironomidae are identified to the sub-family level, and non-insect invertebrates are 
identified to various levels depending on available keys. 

8) Quality assurance procedures: Not A valiable. 

9) Data analysis/Metrics: No standard data analysis procedure has been designated at this 
time. RIVP ACS will be utilized to develop a model to determine the level of impact to 
the biological assemblage at the site. 

1 0) Habitat assessment: Site evaluations are conducted to determine the suitability of 
reference sites and the degree or type of degradation occurring within test sites. Three 
major categories are evaluated: Riparian, bank, and channel. 
Riparian- 1) vegetative condition, 2) percent historic floodplain remaining intact, 3) 
anthropogenic activity within the floodplain, 4) alteration of the vegetation within the 
floodplain, and 5) erosional deposition into stream from surrounding hillslopes. 
Bank- 1) percent of streambank with deep, binding root mass, and 2) percent of stream 
with active lateral cutting. 
Channel- 1) siltation, and 2) large woody debris. Additional measures are taken at each 
site for channel shade, width, depth, substrate, stream slope, dominant erosional habitat 
type, and dominant depositional habitat type. 

11) Purpose for monitoring: 
• Development ofbiocriteria and bioassessmentprotocol 
• Monitoring of impacts from timber harvest, grazing and mining activities 
• Ensure compliance with the Clean Water Act 
• TMDL implementation 

United States Geologic Survey - National Water Quality Assessment 

The USGS National Water Quality Assessment (NA WQA) program uses a benthic 
macroinvertebrate sampling method developed by Thomas F. Cuffney, Martin E. Gurtz, and 
Michael R. Meador and revised method for characterizing stream habitat developed by Faith A. 
Fitzpatrick, Ian R. Waite, Patricia J. D' Arconte, Michael R. Meador, Molly A. Maupin, and 
Martin E. Gurtz. However, prior to 1998, when most of the California data was collected, 
NA WQA used a stream habitat assessment method developed by Michael R. Meador, CliffR. 
Hupp, Thomas F. Cuffney, and Martin E. Gurtz. 

1) Habitat selection: Two types of samples are collected at each site: 1) qualitative multi
habitat (QMH) sampling and 2) richest targeted habitat (RTH) sampling. For QMH 
samples, all habitat types present in the reach are selected. Semi-quantitative RTH 
sampling focuses on sampling a habitat supporting the faunistically richest community of 
benthic invertebrates, usually a fast-flowing, coarse-grained riffle. When riffles are not 
available, woody debris is sampled. 
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2) Sampling gear: The primary sampling gear used to collect QMH samples is aD-frame 
kick net equipped with a 21 0 ~-tm mesh net. RTH samples are collected using a 0.5 m by 
0.25 m rectangular frame net equipped with a 425 ~-tm mesh net. 

3) Sampling method: Two types of samples are collected at each site: 1) qualitative multi
habitat sampling (QMI-1) and 2) richest targeted habitat (RTI-I) sampling., 

Qualitative Multi-habitat 
QMH sampling effort is variable because it depends on the types of habitats present and 
their abundance within the sampling reach. AD-frame kick net is used to collect samples 
by kicking, dipping, or sweeping in a manner appropriate for the instream habitat type 
being sampled. When possible, equal sampling effort is applied to each habitat type 
within the sampling reach. This is usually accomplished by dividing the available 1-hour 
sampling tirhe equally among the instream habitat types. The D-frame kick net 
collections are supplemented with visual collections and, where appropriate, with seines 
to collect highly-motile invertebrates. Visual·collections involve manually collecting 
large rocks, coarse organic debris, clay from stream margins, root wads, and macrophytes 
or other substrates, and visually locating and removing any associated organisms. 

Richest Targeted Habitat 
The rectangular frame net is held perpendicular to the direction of flow and pressed 
tightly against the stream bottom. Benthic invertebrates are collected from an area of 
approximately 0.25 m2 immediately upstream of the net. If 50 percent or more of a rock 
lies within the sampling area, it is removed and held in front of the net opening, and 
attached organisms are dislodged into the net by gently brushing the surface of the rock 
with the hand and then with a fingernail brush. After a rock is brushed, it is examined to 
determine if any closely adhering organisms are present. Such organisms are removed 
from the rock surfaces using forceps and placed into a separate vial holding the large-rare 
sample component. This sample component contains large organisms that can interfere 
with sample splitting and rare organisms that might be lost during sample splitting. After 
the large rocks (fist size and larger) are removed, the sampling area is dug to a. depth of 
about 0.1 m. Any remaining organisms are dislodged into the net by kicking the substrate 
within the sample area for a period of 30 seconds. The material collected in the net is then 
transferred to an appropriate container, usually a 19-L (5-gal) plastic bucket or dishpan, 
for further field processing. Subsequent elements of the composite sample are added to 
this container and then processed, or the separate elements may be processed and then 
composited. A minimum of five samples, apportioned within and among examples ofthe 
targeted instream habitat type, are composited into a single RTH sample. Examples of the 
targeted habitat type are collected from across the length and width of the sampling 
reach. 

4) Area sampled: The total area sampled per RTH composite is 1.25 m2
. The total area 

sampled for the QTH sample is variable. 
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5) Replication: More intensive sampling is conducted at a subset of four to six sites to 
assess spatial variability among reaches and short-term temporal variability at a site. At 
these sites, three sampling reaches are established to represent environmental conditions 
associated with the basic fixed site. One sampling reach is sampled in each of 3 
successive years to estimate short-term temporal variability. Two additional sampling 
reaches are sampled in 1 year to assess the magnitude of reach-to-reach variability. 

6) Subsampling and enumeration: Samples are field processed to reduce the volume of each 
sample component so that it fits in to a 1-L sample container with ample room for 
preservative. Sample volume reductions are accomplished by removing large debris, 
elutriating to remove inorganic sediments, and then splitting the elutriated samples. Field 
processing can result in the production of four sample components from each composite 
sample: large-rare, main-body, elutriate, and split-sample components. 

Field processing begins with the removal of large rocks and organic debris, such as 
leaves, twigs, and roots, from the sample. These materials are discarded after all attached 

· invertebrates have been removed. The remaining material is examined for large, rare 
organisms that can be lost during subsequent sample splitting. These large-rar~ organisms 
are removed and placed in a separate, labeled container that is identified as the "large
rare" sample component. All organisms that are picked from the sample by hand prior to 
sample splitting are added to the large-rare sample component. 

The remaining sample material is elutriated onto an appropriately sized sieve ( 425-<I>m 
mesh for semi-quantitative samples and 212-<I>m mesh for qualitative samples) to 
separate the lighter organic material from the heavier sand and gravel. Elutriation is 
usually accomplished by placing the sample in a deep bucket filled about one-fourth to 
one-half with water. The contents of the bucket are stirred by hand to suspend as much 
material as possible. The bucket is picked up, swirled, and then gently decanted onto an 
appropriate sieve. The elutriation process is repeated until it appears that only sand and 
gravel remain in the elutriation bucket. The sand, gravel, and small pebbles remaining in 
the bucket are visually examined for invertebrates, particularly case-building caddisflies 
and small mollusks. Invertebrates that are removed during this process are added to the 
large-rare sample component. Once free ·of invertebrates, the left-over sand and gravel is 
retained as a quality-assurance check on the efficiency of elutriation. 

Elutriated material retained on the sieve is quickly examined for large, rare organisms 
that are added to the large-rare sample component. If, after elutriation and compositing, 
the volume of material constituting the main-body or elutriate sample component exceeds 
0.75 L, that sample component is split in the field. Any debris or large organisms that 
remain in the sample is removed to simplify the sample-splitting process. Organisms so 
removed are added to the large-rare sample component, whereas debris is discarded after 
any attached invertebrates are removed. 

Sample splitting is accomplished by using either a special sieve sample splitter (Mason, 
1991) or a sieve diameter splitting method. Once the sample has been split, one half of 
the sample is randomly selected. If the sample being processed is an elutriate sample, 
then the half of the sample selected is retained for analysis and the other half is discarded. 
If the sample being processed is a main-body sample, then the half of the sample selected 
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is designated as the main-body component and the other half is designated as the "split" 
sample component. Some particularly large samples may require repeated splitting to 
obtain suitable volumes (less than or equal to 0.75 L) of main-body, split, and elutriate 
sample comp,onents. If the resulting split-sample component (elutriate, split, or main
body) exceeds 0. 75 L, it is split again. Careful records of the number of splits performed 
and the portion of the original sample retained for analysis are kept and entered on the 
appropriate field data sheet. 

After samples have been processed, they are transferred to appropriately sized plastic 
sample containers and an intemal sample label is filled out and placed in the container. 
The sample should occupy approximately one-half to three-fourths ofthe container 
volume. A solution of 10% buffered formalin is added to bring the total volume to within 
2 em of the top of the jar. The jar is then capped and slowly inverted several times to mix 
the contents of the jar with the formalin solution and to remove any air trapped in the 
sample matrix. The jar is then opened and topped off with 10% buffered formalin. 

Qualitative Visual Sort Method 
The preservative is rinsed from the sample through a sieve that has a mesh size less than 
or equal to that used in the field. If necessary, the sample is elutriated to separate 
inorganic and organic detritus. The sample is then size-fractionated by using a 4.75-mm 
sieve. To ensure consistent and effective sorting, the sample is apportioned evenly among 
multiple white sorting trays. The number and size of the trays are adjusted so that about 
50 percent of the bottom is visible in each tray. Total sorting time is limited to 2 .hours. 
The coarse-size fraction is sorted for about 0.25 hour. The remaining time, about 1.75 
hours, is apportioned between the fine-size fraction and any elutriated inorganic debris; 
however, if the taxonomist determines that the entire sample has been adequately sorted 
without adding different taxa, and the)n sorting is tem1inated at less than 2 hours. This 
action is approved by a second taxonomist and noted on the bench data sheet. If the 
volume of the fine-size fraction is such that it cannot be adequately sorted in about 1.75 
hours, then the sample is divided directly on a sieve or on an appropriate sub-sampling 
frame so that at least 25 percent of this fine-size fraction can be sorted. The remaining 
unsorted remnant is quickly scanned_ and sorted for distinct taxa. 

Each tray is sorted systematically by a taxonomist for mature, undamaged organisms. 
After one complete pass of the tray, the detritus is redistributed by rocking the tray and 
sorting continues. BMis are sorted into gross taxonomic categories and placed into 
polyseal screw-cap vials that contain 70% ethanol. At least 50 Chironomidae larvae are 
sorted whenever possible. Visually distinguishing Genus- or Species-level diversity for 
some BMI taxa is often difficult; therefore, comparable numbers of organisms of these 
groups are sorted from each tray of each sample. All unique mollusk shells are sorted, 
even if the body of the organism is not present. 

Quantitative FixeCl-Count Subsampling Method 
The principal objective of the fixed-count method is to identify and estimate the 
abundance of each BMI taxon sorted from the sample. This method is similar to the 
USEPA's RBP sample-processing procedure (Barbour et al. 1999; Plafkin et al. 1989). 
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The fixed count is based on a minimum number of organisms sorted from the sample and 
is defined by the study's data quality objectives (for example, 100-, 200-, or 300-
organism fixed-count target). 

Samples containing more organisms than the fixed-count target are subsampled by using , 
a subsampling frame partitioned into 5.1- by 5.1-cm grids. However, uniformly 
distributing a sample in a subsampling frame is often difficult, and organisms in the 
sample matrix tend to have a clumped distribution. Therefore, subsampling by simply 
acquiring a single, very small portion from a subsampling frame could lead to extreme 
errors in estimating the abundance of taxa in the sample. The method described below 
uses multiple, randomly selected 5.1- by 5 .1-cm portions of the original sample (stage-1 
grids) to estimate abundance accurately. Large-rare organisms are sorted from any 
remaining portion(s) of the sample after the random subsampling is complete. 

Total sorting time is limited up to a maximum of 8 hours, depending on the fixed-count 
target. The time limitation has been implemented to avoid spending too much time on 
samples that contain few or have exceedingly difficult detritus to sort. A generalized 
processing procedure is listed as follows: 

The sample is uniformly distributed in a subsampling frame (stage-1 subsampling 
frame). 
An estimate of the average number of organisms per stage-1 grid is obtained. 
By using the average number of organisms per stage-1 grid, an appropriate processing 
strategy is selected. 
The grids are randomly selected from either a stage-1 or a stage-2 subsampling frame, 
and organisms are sorted from each grid. 
Large-rare organisms are sorted from any remaining unsorted portion(s) of the 
sample. 

Three sizes of gridded subsampling frames are used, 12 grid (15.2 em X 20.3 em X 3.8 
em), 24 grid (20.3 em X 30.5 em X 3.8 em), and 42 grid (30.5 em X 35.6 em X 3.8 em). 
The size of the subsampling frame chosen depends on the total sample volume and 
organism density; frame size increases with sample volume and density. If the volume of 
a sample is very low but the density of the BMis is high, the subsampling frame size is 
dictated by the density of organisms in the sample. Occasionally, the volume of detritus is 
so small and the BMis are so depauperate that the use of a sub-sampling frame is not 
necessary. The primary objective is to choose a frame size for uniform dispersal of the 
sample. 

The mean number of organisms per stage-1 grid is used to determine the appropriate 
subsampling strategy. This mean is obtained by randomly selecting five grids from the 
stage-1 subsampling frame and uniformly distributing the material from each grid into 
separate, appropriately sized, estimation trays. Estimation trays with either 49 or 81 grids 
can be used to obtain a uniform distribution and density of sample material. The 
organisms in each of three randomly chosen estimation tray grids are counted and used to 
estimate the number of organisms in each estimation tray and, hence, each stage-1 grid. 
Separate estimates are made from each of the five estimation trays. The resulting five 
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estimates are averaged to give an estimate of the number of organisms in each stage-1 
grid. An informed processing decision can be made once the mean number of organisms 
per stage-1grid has been estimated. Sub-sampling may involve processing multiple 
randomly selected stage-1 grids from the stage-1 subsampling frame (1-stage sub
sampling) or a further subsampling of three to five stage-1 grids (2-stage subsampling). 
Numeric criteria are used to determine the appropriate subsampling strategy. Once the 
appropriate level of subs amp ling has been achieved, the approximate number of random 
grids are randomly selected for sorting. Additional grids are randomly selected as needed 
to reach the fixed-count target. 

The contents of each randomly chosen stage-1 or stage-2 grid are sorted separately by 
using a dissecting microscope with X 10 magnification. All identifiable organisms are 
sorted. Mollusk shells are only sorted if the animals are present in the shells. Only a 
portion of colonial organisms, such as Bryozoa or Porifera, is sorted to document its 
presence in the sample. Vertebrates, exuviae, invertebrate eggs, microcrustaceans, and 
terrestrial organisms are not sorted. However, terrestrial insects that have an aquatic 
lifestage are sorted. 

Once sorting has begun, the grid is sorted to completion even if numeric or time frame 
criteria are exceeded. Organisms are enumerated as they are removed from each grid and 
pre-sorted into categories. Organisms are placed in polyseal capped vials containing 70% 
ethanol. The sort-time criteria, excluding time required to prepare the sample and 
estimate grid densities, are 8 hours for a 300-organism fixed-count target and 3 hours for 
a 1 00-organism fixed-count target. 

Some large-rare taxa may be present but at such low densities that it is unlikely that they 
will be encountered in the random subsamples. The quantitative sample-processing 
method accounts for these large-rare taxa by visually sorting them from the unsorted 
portion of the sample. This sorting is limited to 15 minutes. If inorganic debris is 
separated from the sample, this debris also is sorted for large-rare organisms. 

7) Taxonomic identification: The National Water Quality Laboratory (NWQL) Biological 
Group (BG) provides three levels of taxonomic assessment for BMI samples. These 
levels include (1) the Standard Taxonomic Assessment (STA), (2) the Rapid Taxonomic 
Assessment (RTA), and (3) the Custom Taxonomic Assessment (CTA). Each provides a 
different basic level of taxonomic resolution to address various water-quality and related 
data-analysis objectives. The STA and RTA are adapted from the U.S. Environmental 
Protection Agency (USEP A) Rapid Bioassessment Protocols (RBP) (Barbour et al., 1999; 
Plafkin et al., 1989). The STA represents a taxonomic effort similar to that described in 
the USEPA RBP III (Barbour et al., 1999; Plafkin et al., 1989) and in many other state 
biomonitoring protocols. It is currently (2000) the level ofresolution used by the USGS 
NAWQA Program for BMI samples. In general, mollusks, crustaceans and insects are 
identified to either the Genus or Species level. Aquatic won11s are identified to the 
Family level. Other BMI groups, such as flatworms and nematodes, are typically 
identified at higher taxonomic levels (for example, Phylum or Class). The RTA 
represents a taxonomic effort similar to the USEPA RBP II (Barbour et al., 1999; Plafkin 
et al., 1989). In general, all BMI groups are identified to the Family level, except for 
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groups such as flatworms and nematodes, which are typically identified at higher 
taxonomic levels (for example, Phylum or Class). The CTA provides a customer
specified taxonomic effort that is not provided in the STA or RTA. 

8) Quality assurance procedures: Not available. 

9) Data analysis/Metrics: Not available. 

1 0) Habitat assessment: Habitat is assessed using a first-level reach characterization and a 
more detailed second-level reach characterization. 

First-level reach characterization: 
Six transects, as a minimum, are established to collect information throughout the reach 
with two transects established at or near each boundary. If the reach is established on the 
basis of the presence of two examples of each of two types of geomorphic channel units, 
the remaining four transects are established at the middle of each geomorphic channel 
unit. Ifthe reach is defined on the basis of channel width, then the remaining four 
transects are evenly spaced throughout the reach. Transects are oriented perpendicular to 
streamflow. 

• Channel width: Measure the channel width along the transect from left edge of water 
to right edge of water. 

• Bank width: Bank width is the distance between the channel bed and the flood plain. 
This distance is measured with a tape measure or rangefinder. 

• Flood-plain width: Flood-plain width is measured as the distance between the 
significant changes in slope that distinguish the flood plain from terraces and riparian 
features. If this distance is less than 50 m, it can be measured with a tape measure or 
rangefinder. However, if the flood-plain width is greater than 50 m, it is determined 
from maps or aerial photographs, and indicated as greater than 50 m on the form. 

For the next 3 items, data are collected at three points along each transect. These points 
should correspond to the thalweg, and to two locations that are equally spaced along the 
transect (or three equally spaced locations if no thalweg is apparent). 

• Depth: In wadeable reaches, water depth between the water surface and the bed 
substrate is measured with-a wading rod and recorded. In nonwadeable reaches, a 
sounding line or hydroacoustic depth meter may be necessary to determine depth. 
When using a hydroacoustic depth meter, the investigator maneuvers the boat along 
the transect with the meter operating, so as to produce a continuous recording of 
water depth along the transect. Three depth measurements, one at the thalweg and 
two at locations equally spaced along the transect, can be determined from the 
hydroacoustic chart. 

• Velocity: In wadeable reaches, record velocity using a Price AA current meter, 
pygmy meter, or Gurley meter. In nonwadeable reaches, use a velocity meter 
appropriate for velocity determinations at that site. Velocity is -recorded at 60% depth 
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where depth is less than 1 m. At depths greater than or equal to 1 m, two velocity 
measurements, one at 20% depth and the other at 80% depth, are recorded. 

• Bed substrate: Detennine the spatially dominant and subdominant substrates. In 
turbid wadeable reaches and in nonwadeable reaches, a sample of the substrate is 
obtained by using an appropriate device such as a shovel, Ponar sampler, or Ekman 
dredge. In turbid wadeable reaches and in nonwadeable reaches, the presence of 
boulders and bedrock cannot be determined by sampling. However, in turbid 
wadeable reaches, the presence of these substrate types can be detennined by touch. 
In nonwadeable reaches where sampling devices cannot yield a substrate sample, 
acoustic recording of the stream bottom along the transect can detect boulders and 
bedrock. 

• Embeddedness: Embeddedness is measured by rating the percentage of the surface 
area of the larger-sized particles (by visual estimation) covered by fine sediment. To 
determine how much of the surface area oflarge particles is covered in order to 
provide a rating, select five relatively large (gravel to boulder size) substrate particles 
at the three sampling points along the transect and examine them on the sides. Note 
the percentage of each particle's height that was buried in sediment by the extent of 
discoloration on the particle. The rating is based on the percentage of coverage of fme 
sediment as determined from the average percentage of coverage for the five 
particles. In turbid wadeable reaches and in nonwadeable reaches, a sample of the 
substrate is obtained using an appropriate device such as a shovel, Ponar sampler, or 
Ekman dredge. 

• Canopy angle: From the midpoint of the transect, use a clinometer to determine the 
angle from the line of sight of the investigator to the tallest structure (for example, 
tree, shrub, building, or grass) on the left bank (in the general area of the transect). 
The same procedure is done at the right bank. The sum of these angles is computed 
and subtracted from 180 degrees. 

• Aspect: Record the aspect (0 to 360 degrees) of the downstream flow of the stream 
using a compass. At the midpoint of the transect, face downstream and point a 
compass parallel to streamflow. 

• Habitat features: Determine the type and amount (two-dimensional area) of all habitat 
features that are partly or wholly within a 2-m zone on either side of the transect. 
Habitat features consist of any mineral or organic matter that produces shelter for 
aquatic organisms to rest, hide, or feed, and include natural features of a stream such 
as large boulders, woody debris, undercut banks, and aquatic macrophyte beds, as 
well as artificial structures such as discarded tires, appliances, and parts of 
automobiles. Habitat features are not counted when they are in insufficient depth 
(usually less than 20 em). 

• Bar/Shelf/Island: If channel bars, shelves, or islands are present, measure width using 
a tape measure or rangefinder. Determine the spatially dominant and subdominant 
substrates along the transect for the bars, shelves, and islands that occur. Also 
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estimate the percent~ge of coverage of woody and herbaceous vegetation for the 
entire bar/shelf/island. 

• Bank angle: A clinometer is used to measure the angle formed by the downward
sloping bank as it meets the stream bottom. The angle is determined directly from a 
clinometer placed on top of a surveyor's rod or meter stick that is aligned parallel to 
the bank along the transect. The clinometer reading is subtracted from 180 degrees to 
produce the bank angle. If the height and shape of the bank are such that more than 
one angle is produced, then an average of three readings is recorded. Both left bank 
and right bank (facing downstream) angles are recorded. 

• Bank height: Determine the left and right distance from the channel bed to the top of 
the bank. A surveyor's rod and hand level can be used if this distance can be 
measured directly. If the bank height cannot be measured directly, then it can be 
estimated. Note that the bottom of the bank is the deepest part of the channel. At 
large, nonwadeable reaches, topographic maps may be us.eful in determining bank 
height. 

• · Bank vegetation stability: Bank vegetation stability is evaluated using a rating based 
on four classes that represent percent coverage of the bank surface. The rating 
includes only that part of the bank that is within 2 m of either side of the transect, to 
the top of the bank. 

~ Bank shape: Record the shape of the left and right banks as: concave upward, linear, 
or convex upward. 

• Bank erosion: The types of bank material movement, if present, are noted. These 
types include mass wasting (debris avalanche, rotational failure, and slab failure), and · 
cut-bank scalloping. Indicate the presence of bank erosion for the left arid right banks 
as: debris avalanche, rotational failure, slab failure, cut-bank scalloping, or none.· 

• Bank substrate: Determine the spatially dominant and subdominant substrate types 
that are present in an area of the bank that is within 2 m of either side of the transect, 
to the top of the bank. This procedure is done for the left and right banks. 

• Bank woody vegetation: The point-centered quarter method is used to evaluate 
density and dominance of bank woody vegetation (Mueller-Dombois and Ellenberg, 
197 4). Sampling points are established on both banks at the ends of the transect so as 
to include dominant bank woody vegetation. Four quarters are established at a 
sampling point at the intersection of two perpendicular lines, one of which is the 
transect. Trees and shrubs are included in the analysis. Trees are distinguished from 
shrubs in that trees are at least 2 m high and have a diameter at breast height (db h) of 
at least 3 em. The sampled trees or shrubs are identified to species, and the distance 
from the sampling point to the nearest tree or shrub in each quarter is measured, along 
with its dbh. Where bank woody vegetation is growing in narrow strips or rows, the 
two closest trees or shrubs on either side of the sampling point are measured. Where a 
single tree or shrub has developed many separate trunks, an average dbh for three 
trunks is recorded, along with the total number of trunks. 
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• Photodocumentation: Stream conditions at three transects, including the transects at 
or near the reach boundaries and one transect representative of reach conditions, are 
photographed. Semipermanent markers are established at these locations to facilitate 
taking repeat photographs. Color photographs, preferably slides, are taken that 
include upstream, transect, and downstream views of the channel and should include 
a scale reference in the image. The inclination and aspect ofthe camera lens are 
important and are measured with a compass. A level camera is preferred to an 
inclined one because inclination complicates the perspective of the view and makes 
accurate duplication of repeat photographs difficult. The aspect of the camera is noted 
by pointing a compass at the central aiming point in the view and recording the 
compass reading. Photographs are taken facing upstream, facing perpendicular to the 
channel, and facing downstream, from either the left or right banks. 

• Diagrammatic mapping: Draw a schematic or representative map of the reach. The 
map should include location of geomorphic channel units, habitat features, and bank 
and flood-plain land use. Indicate the stream type and general shape of the channel. 

• Aquatic and riparian vegetation species: Record the species name of all common 
aquatic (submerged, emergent, and floating) and riparian (bank--herbaceous and 
woody, and flood plain--herbaceous and woody) species. Be sure to note the five 
most common for each category. 

Second-level reach characterization 
A second-level reach characterization also is conducted at all fixed sites. This is a 
detailed reach characterization and is designed to provide additional quantitative data on 
geomorphic and hydraulic properties that are critical to the evaluation of temporal 
changes in the environmental setting and stream habitat. The second-level reach 
characterization consists of an analysis of hydraulic properties and channel geometry plus 
additional components tailored to enhance an understanding oftemporal changes. The 
analysis of channel geometry consists of longitudinal profiles of the water surface, flood 
plain, and channel bed; cross-sectional surveys with levels; a map of the reach; and a 
quantitative analysis ofbed and bank materials. Additional suggested components of the 
second-level reach characterization include permanent plot vegetation analysis and 
detailed quantitative mapping of habitat features throughout the reach. Study unit 
personnel are responsible for developing an appropriate fonn for recording the second
level reach characterization. 

The longitudinal profile ofthe channel bed is conducted along the thalweg (or the 
approximate center of the channel if a thalweg is not apparent) on the basis of channel
bed elevations recorded at intervals equal to one channel width. This distance is generally 
sufficient to detennine the mean slope of the reach. The water-surface profile can be 
determined simultaneously by having the rodman record the water depth at each location 
and add this value to the chmmel-bed elevation. Profiles of the flood plain along both 
banks also are conducted. In nonwadeable reaches, longitudinal profiles of the channel 
bed are determined using a hydroacoustic depth meter, and water-surface elevations are 
determined along one bank or both banks. 

At a minimum of three locations (both reach boundaries and a location that includes a 
prominent geomorphic feature), leveled cross-sectional surveys are conducted from left 

Appendix B: Keystone Program Methods B-17 



The Status and Future of Biological Assessment for California Streams 

flood plain to right flood plain. Each cross-sectional survey is plotted, with elevation 
recorded on the ordinate axis and distance in meters along the abscissa. All surveys are 
conducted in relation to the reference location. A map of the reach is constructed, 
indicating the locations of the longitudinal profiles and the cross-sect ional surveys. 
Cross-sectional surveys of nonwadeable reaches include as much information as can 
possibly be recorded. 

In addition to an analysis of channel geometry, a quantitative analysis of channel 
substrate particle size is conducted. Pebble counts are conducted to determine bed 
material particle-size distribution in wadeable reaches. At the three surveyed cross 
sections, a pebble-count transect is established, and the pebble count is conducted in the 
following method: 

( 1) Begin the count at each transect at bankfull elevation on the left bank and proceed 
to bankfull elevation on the right bank. 
(2) Proceed one step at a time, with each step constituting a sampling point. 
(3) At each step, reach down to the tip of your boot and, with your finger extended, 
pick up the first pebble-size particle touched by the extended finger. 
(4) To reduce sampling bias, look across and not down at the channel bottom when 
taking steps or retrieving bed material. 
(5) As you retrieve each particle, measure the intermediate axis. If the intermediate 
axis cannot be determined easily, measure the long diameter and the short diameter of 
the particle, and determine the average of the two numbers. 

Thus, the size distribution of particles is determined and expressed in percentage by 
number of particles. A count of 100 particles is recommended; however, to determine 
percentages of particle sizes, 50 or 25 particles can be measured. To obtain a quantitative 
determination of finer grained bed material, three samples of the bed material are 
collected along each transect and composited. In addition, samples of the bank substrate 
material can be collected from one bank or both banks. These samples are returned to the 
laboratory for sieve analysis. 

Permanent plot vegetation analysis is also suggested as a component of the second- level 
reach characterization. To construct a permanent vegetation plot, select an area at the end 
of each of the surveyed cross sections. A 20- by 20-m plot is identified by using a tape 
measure to determine the appropriate distance and a compass to establish 90-degree 
angles at the corners of the plot. The corners are then marked with semipermanent 
boundary markers. The edge of the plot nearest the bank edge should be at least several 
meters from the bank. Sample the vegetation by determining the diameter and species of 
all trees and shrubs within the plot. Record only living trees and shrubs. If the riparian 
zone is narrow such that a 20- by 20-m plot cannot be established, then two or more 
smaller plots are established so that the total area sampled equals 400m2

. Where 
herbaceous vegetation is clearly dominant, then a 10- by 10-m square plot is established. 
At herbaceous vegetation plots, the aerial coverage of up to five species is measured, and 
the .percent coverage of these species within the plot is calculated. 

Mapping of all geomorphic channel units and habitat features can also provide critical 
information needed to evaluate temporal trends in habitat. Though the diagrammatic 
stream map should indicate the presence of these units and features to approximate scale, 
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the first-level reach characterization does not attempt to quantify the occurrence of all 
features throughout the reach. In the second-level reach characterization, the two
dimensional area of all significant geomorphic channel units and habitat features is 
determined. 

11) Purpose for monitoring: 

• Describe current water-quality conditions for a large part of the Nation's freshwater 
streams. 

• Describe how water quality is changing over time, and 

• Improve our understanding of the primary natural and human factors affecting water 
quality. 

United States Environmental Protection Agency· Environmental Monitoring and 
Assessment Program 

EMAP is a research program to develop the tools necessary to monitor and assess the status and 
trends of national ecological resources. EMAP's goal is to develop the scientific understanding 
for translating environmental monitoring data from multiple spatial and temporal scales into 
assessments of ecological condition and forecasts of the future risks to the sustainability of our 
natural resources. The objectives of REMAP are to: 1) evaluate and improve EMAP concepts 
for state and local use, 2) assess the applicability ofEMAP indicators at differing spatial scales, 
and 3) demonstrate the utility ofEMAP for resolving issues of importance to EPA Regions and 
states. 

A Regional-EMAP (REMAP) study was conducted in 1994-1995 in Califomina's Central 
Valley, which comprises more than 48,000 miles of surface water and 16 percent ofthe land area 
in the State and is one of the nation's most productive agricultural areas. The Central Valley 
REMAP Project was initiated to assess the biological integrity of agriculture-dominated 
waterbodies located throughout California's Central Valley. Moreover, USEPA is currently 
collecting additional bioassessment data in California as part of the EMAP Western Surface 
Water pilot study, which is a five-year research and monitoring project to assess the ecological 
condition of streams and rivers across the Western U.S. 

Typically, EMAP and REMAP studies use the same sampling methods; however, the Central 
Valley REMAP study used an earlier method developed by Philip A. Lewis and Donald J. 
Klemm (see Klemm and Lazorchak 1995), while the Western EMAP study uses a revised 
method developed by D. J. Klemm, J.M. Lazorchak, and P.A. Lewis (see Lazorchak et al.l998). 
Only the revised (current) method will be discussed in this section. 

1) Habitat selection: Each sampling reach is detennined as 40 times the wetted width, with 
a minimum reach length of 150 m and a maximum length of 500 m. The habitats that are 
sampled are selected randomly by dividing the reach into 11 equidistant cross-sectional 
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transects, and randomly sampling at the left third, center, or right third from the interior 
nine transects. For each reach, riffle and run habitat samples are composited into a single 
"Riffle" sample whereas pool and glide samples are composited into a single "Pool" 
sample. 

2) Sampling gear: The primary sampling gear used to collect samples is a modified 0.5 m 
by 0.3 m rectangular frame kick net equipped with a 595/600 )..l.m mesh net. 

3) Sampling method: As mentioned previously, the sampling reach is equally divided into 
11 cross-sectional transects. At each of the nihe interior transects, a sampling point (left, 
center, or right) is assigned. Once the first sampling point is randomly chosen, points at 
successive transects are assigned in order (left, center, right). Habitat type is sampled 
roughly in proportion to their occurrence. 

4) Area sampled: The total area sampled per transect is 0.5 m2
, and the total area sampled 

per site is 4.5 m2
. The area sampled per composite sample is variable based on the 

distribution of habitats sampled at the site. 

5) Replication: There are no site replicates collected; however, there are QA/QC replicates 
whereby a different team samples the same site and next year revisits at several sites. 

6) Subsampling and enumeration: Random subsampling to 300 organisms. 

7) Taxonomic level: Identification of all organisms to the lowest possible taxon, usually to 
genus, species, or species group (including Chironomids and Mites). 

8) Quality assurance procedures: Not available. 

9) Data analysis/Metrics: Not available. 

1 0) Habitat assessment: See Lazorchak et al. 1998. 

11) Purpose for monitoring: 
• Evaluate and improve EMAP concepts for state and local use 
• Assess the applicability of EMAP indicators at differing spatial scales, and 
• Demonstrate the utility of EMAP for resolving issues of importance to EPA Regions 

and states. 

University of California Sierra Nevada Aquatic Research Laboratory (SNARL) 

1) Habitat selection: Only riffle habitat is sampled within a _150 m study reach. 

2) Sampling gear: The primary sampling gear used to collect samples is aD-frame kicknet 
with 250 )..l.m mesh netting. 
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3) Sampling method: Five riffles are selected from a random number table along the 150 
meter reach. The D-net is used to collect kick samples at '14, ~ and o/4 of the stream width 
(always start at the location furthest downstream and work up). Kick an area 
approximately 30 square centimeters directly above the net (a square area with sides 
equal to net width) is kicked to disturb the substrate and dislodge organisms. The kicking 
is maintained for a count of about 10-15 seconds, then the rocks are scrubbed by hand for 
an additionall0-15 seconds (total20-30 seconds at each of3 positions= 1-1.5 minutes). 
Large rocks or wood debris are removed after washing them in the current into the net 
following each sample position. For streams less than 1-2 meters wide, the 3 kick 
samples are taken from both sides and middle above or singly one above another at the 
random number location (instead of taking all 3 across the stream when widths are 
greater than 1-2meters). Because the focus of the method is on sampling across different 
microhabitat types in the stream including varied depth, cunent, substrate types- the 
three composited samples should represent the variety of habitat present. One or two 
composites may be taken if samples are dense with debris. 

When sampling in pools, only a single collection is taken within the tail zone of the pool 
(i.e. downstream third of pool zone) by sweeping or brushing the sample area into the 
mouth of the net. The net is sometimes used to scoop through sample area after the 
sw~ep. More than a single area sampled usually produces too much sample volume to 
process and preserve. 

The net should be quickly dipped into the stream to consolidate the material to the bottom 
of the D-net. Any remaining large debris is removed. The net is inve1ied into a bucket 
with 1/4 to 1/3 full of water. The net is shaken out to collect all the debris and insects. 
The net is dipped into the stream again to consolidate remaining contents and the net is 
then inverted into the bucket. 

Lighter material is elutriated with a swirling motion into the other bucket five times. 
Only a small volume of water is used in each elutriation so the receiving bucket does not 
overflow. Only rocks and sand should be left in the original bucket. These rocks are 
emptied into a shallow white pan (or the bottom of the bucket is closely examined). 
Cased caddisflies/snails are examined for and added to sample if found. 

The debris is then strained through a fine mesh aquarium mit supported on one bucket 
(this may also serve as an elutriation since some sand will have gotten into this debris). 
The contents of the aquarium net is emptied into a sample container. BioQuip forceps are 
used to scrape any remaining debris into vial. The container is filled with ethanol to 
preserve the bugs, and a small volume of rose bengal stain is added. 

4) Area sampled: The total area sampled per composite is 0.27 m2
, and the total area 

sampled per site is 1.28 m2
• 

5) Replication: Five replicate composite samples are collected from each site. 
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6) Subsampling and enumeration: Random subsampling to 300 organisms. 

7) Taxonomic level: Identification of all organisms to the lowest possible taxon, usually to 
genus, species, or species group (including Chironomids and Mites). 

8) Quality assurance procedures: See website for detailed information; 
http://www.swrcb.ca.gov/rwgcb6/QAPP/QAPP _Index.htm 

9) Data analysis/Metrics: See website for detailed information; 
http://www.swrcb.ca.gov/rwgcb6/QAPP/QAPP _Index.htm 

1 0) Habitat assessment: 15 transects are spaced at 10 meter intervals along the 150 meter 
delineate~ reach length (starting at 0). Bank and channel features are measured (wetted 
perimeter width, bank cover category, bank angles, and vegetation cover (using 
densiometer) across each transect and at 5 equal-spaced points within each transect the 
depth, current velocity (60% depth), and substrate type (size class) are measured. 
Location of each site (mid-reach) is determined with a GPS unit, and elevation 
determined from map location (and/or barometer). Slope is measured using a hand-held 
leveling scope sighted on a stadia rod over a series of intervals over the 150 meter reach 
length. Sinuosity is determined from the ratio of reach length to minimum linear distance 
from the bottom to top points of the reach. Percent riparian canopy cover by type (within 
1 meter on the bank) is visually estimated for the reach. Temperature, pH, conductivity 
and turbidity are measured using calibrated field meters. Dissolved oxygen is determined 
in the field using a standard test.kit. Alkalinity, nitrogen, phosphate, and hardness are 
measured in the lab from field samples. General types of algae present are noted for each 
reach (algae samples from rock surfaces are also collected and preserved). Photo 
documentation of each reach is also made at 4 points: mid-stream looking upstream at 0, 
50, 100, and at 150 meters looking downsteam. 

Reach and Riffle-Pool Delineation 
The first step in description of physical habitat is delineation ofthe 150 meterlength of 
the stream reach along an approximation of the thalweg of the channel. To the extent 
possible, this measurement should be made by following along the bank contours of the 
channel, laying out the meter tape (50 mona reel). This may require crossing the 
channel or even walking in the stream if bank vegetation cover is too dense- but this 
should be kept to a minimum to avoid disturbance of benthic habitat. For each 25 meter 
length a flag should be placed to serve as a monument for marking locations and later 
measurement of gradient. Over the 150 meter reach delineation, the primary data to be 
recorded is the position along the meter tape (to the nearest meter) where erosional and 
depositional habitat types begin and end- riffles and pools, respectively. This data 
provides an indication of the distribution and length of these major geomorphic units 
within each reach. The position of these habitat features will also be used to determine 
where the benthic invertebrate samples are to be taken by using a random number table 
(0-150) to assign a riffle or pool,location to be sampled. Any habitat not assigned to the 
riffle-pool categories may be regarded as transitional glide or run habitat type. 
Depending on the criteria for reach selection, the starting point of a reach may be 
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established to maintain the reach within a certain zone defmed by the problem of interest, 
the gradient, vegetation cover, or accessibility. Selection may also be random, using 
preliminary map information on the target area. 

Bank and Channel Features 
Bank features on each transect are identified according to bank cover categories 
(substrate type, vegetation present and eroded, stable or incised). The intersect of interest 
is between the water level and an approximation of the bank full height of the channel. 
Bank angle is also rated categorically as shallow (less than 30 degrees), moderate (30-90) 
or undercut (>90). Riparian vegetation cover over and next to the chmmel is determined 
using a concave mirror densiometer, taped to view the canopy in the facing direction of 
the measure. There are 17 grid points and vegetation reflected at those grid points is 
recorded at the left and right banks, and mid-stream facing up- and downstream. 

Transect Measures 
After measuring stream width (wetted perimeter), the transect is visually divided into 5 
equally spaced points (visualize the mid-point as 3, and equally divide the left and right 
sides into points 1 and 2 and points 4 and 5). At each point, the depth and substrate type 
at the point of contact are recorded (recorder on bank) using a meter stick. Substrate 
types are grouped by size class for the mineral type, and also according to algal, 
vegetation or detrital components present at the point. At 60% depth the current velocity 
is also measured at each point (also record current meter type used and units). Discharge 
is calculated later for each of the 5 cells measured (current x cross-section area). Any 
cobble encountered is also rated according to the volume of rock embedded by fine I sand 
substrates (a visual estimate, calibrated among observers). 

Overall Reach Features 
The gradient of the channel is measured using a hand-held leveling scope (5X 
magnification) to sight off a 5 meter leveling rod. The observer serves as the tripod and 
so should find a position where both upstream and downstream position of the rod can be 
clearly observed without moving except to tum the upper body. Most readings will be 
taken over 25 meter intervals but where possible should be taken over 50 meter intervals 
to save time. The sum difference in up-down readings over 150 will give the percent 
slope or gradient. The sinuosity of the channel is measured as the ratio of the 150 meter 
thalweg stream length to the direct line distance from the top to bottom flags defining the 
reach. This is done by sighting to the leveling rod held at one end of the reach and 
walking a direct line of sight to the rod, measuring distance with a reel tape over the 
distance (a person to hold the tape end facilitates the several walks needed to measure the 
full distance). Riparian vegetation cover is visually estimated as morphological 
categories of cover (grass, bush, tree) and type. This provides another measure of 
shading, riparian development and potential inputs. Algae type present is also 
ql:lalitatively scored. Notes should also be kept on any aquatic vegetation present. 

11) Pwpose for monitoring: 
• Biocriteria development and assessment & monitoring. 
• Livestock grazing stream restoration 
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• Acid Mine Drainage stream restoration monitoring. 
• TMDL development for sediments. 
• Reference condition sampling 
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PERFORMANCE CHARACTERISTIC 

Appendix C EvALUATioN 

------------------------------------
To determine the method precision (i.e., measurement error within a site), we evaluated two data 
sets from SNARL, one from the Leviathan Mine study and another from the Upper Truckee 
River, and a large database (CalEDAS) from the California Department ofFish & Game 
containing CSBP data. The Leviathan Mine data set included a total of seven metrics, which 
were calculated from 54 sites (Table 1 ). On the other hand, the Upper Truckee River included a 
total of 15 metrics, which were calculated from 18 sites (Table 2). Where there were common 
metrics, the data was combined, and several metrics were calculated from a total of 72 sites 
(Table 3). The data set using the CSBP method was significantly larger (approximately 360 
sites) and was much more widely distributed than the SNARL data; however, details on the exact 
site distribution across the state were not provided. 

An analysis of variance (ANOV A) was conducted to compare the variability among replicates at 
each site. From the mean squared error (MSE), we calculated the root mean square error 
(RMSE), which can be used to compare precision between metrics, and the coefficient of 
variability (CV), which can be used to compare precision among metrics. The RMSE provides 
an estimate of the standard deviation of a population of observations; however, it is scale 
dependent, and therefore metrics that are on different scales cannot be directly compared. CV, 
on the other hand, is a unit-less measure calculated by dividing the RMSE by the mean of the 
dependent variable, which allows for direct comparison among means and indices. Because the 
CV takes into account the within site variability relative to the sample mean, it was chosen to be 
the better indicator of precision when comparing the two methods. 

Tables 1 and 2 list ANOV A results of SNARL data from the Leviathan Mine dataset and the 
Upper Truckee River dataset, respectively. Unfortunately, the same metrics were not calculated 
for both studies; therefore, in our attempt to combine the datasets, the number of observations is 
not consistent among the different metrics (i.e., N = 18, N = 72)(Table 3). Table 4 lists the 
among season variability for data collected in the Upper Truckee River study using the SNARL 
method. 

Table 1. ANOV A results of SNARL Leviathan Mine data (N = 54) 

Metric MS Error RMSE Mean cv 
Species Richness 12.05 3.47 23.52 14.76 
EPT Taxa 2.98 1.73 9.00 19.18 
Density (ind./m2

) 212000000.00 14551.03 15653.30 92.96 
%Chironomidae 0.01 0.07 0.35 20.88 
Ratio EPT/Chironomidae 1.38 1.17 1.34 87.24 
Hilsenhoff Biotic Index 0.11 0.33 4.5~ 7.20 
Dominance 0.01 0.08 0.40 20.50 
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Table 2. ANOV A results of SNARL Upper Truckee River data (N = 18) 

Metric MS Error RMSE Mean cv 
S_Qecies Richness* 14.17 3.76 27.09 13.90 
EPTTAXA* 3.42 1.85 11.10 16.67 
No. EPHEMEROPTERA TAXA 1.07 1.03 6.77 15.26 
No. PLECOPTERA TAXA 1.58 1.26 4.33 28.99 
No. TRICHOPTERA TAXA 1.34 1.16 5.73 20.22 
No. of CHIRONOMIDAE 5.98 2.45 11.22 21.80 
No. of Individuals 49468.56 222.42 593.24 37.49 
DENSITY* (#1m2

) @30x30 em area 170000000. 13054.01 17948.72 72.73 
%EPT 0.01 0.09 0.63 15.00 
%CHIRONOMIDAE* 0.00 0.07 0.31 22.44 
Chiro Richness I Chiro Density 0.00 0.00 0.01 62.39 
Hilsenhoff Biotic Index* 0.13 0.36 4.26 8.46 
%TOLERANT TAXA (7-8-9-10) 0.00 0.05 0.11 47.70 
INTOLERANT TAXA (0-1-2) 4.66 2.16 14.41 14.98 
DOMINANCE* 0.01 0.08 0.36 21.52 
%FILTER-FEEDERS 0.00 0.05 0.08 60.62 

Table 3. AN OVA results of combined SNARL data (N =18) 
Metric MS Error RMSE Mean cv 

Species Richness 19.76 4.44 36.80 12.08 
EPTTAXA 4.61 2.15 16.83 12.75 
No. EPHEMEROPTERA TAXA 1.07 1.03 6.77 15.26 
No. PLECOPTERA TAXA 1.58 1.26 4.33 28.99 
No. TRICHOPTERA TAXA 1.34 1.16' 5.73 20.22 
No. of CHIRONOMIDAE 5.98 2.45 11.22 21.80 
No. of Individuals 49468.56 222.42 593.24 37.49 
DENSITY (no./m2

) @30x30 em area 61354347.0 7832.90 24197.34 32.37 
%EPT 0.01 0.09 0.63 15.00 
%CHIRONOMIDAE 0.01 0.08 0.20 38.18 
Chiro Richness I Chiro Density 0.00 0.00 0.01 62.39 
Hilsenhoff Biotic Index 0.19 0.44 3.58 12.31 
%TOLERANT TAXA_(7-8-9-10} 0.00 0.05 0.11 47.70 
INTOLERANT TAXA (0-1-2) 4.66 2.16 14.41 14.98 
DOMINANCE 0.00 0.06 0.25 25.46 
%FILTER-FEEDERS 0.00 0.05 0.08 60.62 

Table 5 lists the metrics used to describe the characteristics of the benthic macro invertebrate 
communities sampled according to each method. It should be noted that the metrics listed in the 
table are not part of a biological index for either method, and the metrics calculated for each 
study does not necessarily remain consistent. Therefore, the suite ofmetrics listed in this table is 
not intended to be indicative of the analyses performed for each study. 
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Table 4. Among season CVs for SNARL Upper Truckee River data. 

Metric Spring 95 Sprinr; 97 Fa/198 Spring 99 Fa/199 

Species Richness 13.79 22.72 13.12 15.02 14.05 
EPT TAXA 28.21 20.71 19.02 21.24 14.48 
No. of Individuals 50.92 27.83 29.49 36.79 23.59 
Density (ind I m2

) 50.92 27.83 35.61 47.55 72.93 
%Chironomidae 19.58 24.74 21.13 13.80 21.56 
Ratio 
EPT/Chironomidae 60.05 60.37 84.01 119.34 59.55 
Hilsenhoff Biotic 
Index 4.86 11.50 8.66 6.63 4.90 
Dominance 35.64 22.46 19.97 19.02 19.53 
* N = 72 for these metncs. 

Table 5. Metrics used to by each method to describe char~cteristics of Benthic Macroinvertebrate 
communities 

Metric CSBP SNARL Metric CSBP SNARL 
Taxa Richness X 1 % Hydropsychidae X 
EPT Taxa X X % Baetidae X 
Ephemeroptera Taxa X X % Dominant Taxa X X 
Plecoptera Taxa X X % Collectors X 
Trichoptera Taxa X X % Filterers X X 
Chironomidae Taxa X %Scrapers X 
EPT !ndex 1%\ X X %Predators X 
Sensitive EPT Index X 2 %Shredders X 
Shannon Diversity Index X Density X 
Hilsenhoff Biotic Index X Estimated Abundance X X 
Tolerance Value X Ratio EPT/ Chironimdae X 
% Intolerant OrQanisms X Chironomidae Richness/ X 
%Tolerant Organisms X X Chironomidae Density 
Footnotes: 

Species Richness 
2 Number ofintolerant Taxa 

Table 6 lists the ANOVA results of the CSBP dataset. Table 7 shows the ANOVA results of 
both datasets and can be used to compare precision estimates between methods. Because the 
CSBP data set contained a much larger number of observations (N =300), we decided to 
standardize the number of observations and compare the results to see if observation size had any 
significant effect on differences in precision (Table 8). Furthermore, we standardized the 
number of replicates between the two datasets to see ifreplicate size had any effect on 
differences in precision (Table 9). 
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Table 6. AN OVA results of CSBP data (N = 300)* 
Metric MS Error RMSE MEAN cv 

!TAXA RICHNESS 10.33 3.21 16.72 19.23 
EPT Taxa 2.54 1.59 6.45 24.71 
Ephemeroptera Taxa 0.53 0.72 2.97 24.44 
Plecoptera Taxa 1.19 1.09 2.83 38.54 
ITrichoptera Taxa 1.01 1.00 2.82 35.65 
Chironomid Taxa 0.46 0.68 2.46 27.47 
%EPT 127.56 11.29 42.21 26.76 
%Chironomidae 71.46 8.45 19.99 42.29 
Hilsenhoff Biotic Index 0.63 0.79 5.77 13.70 
%Tolerant Taxa 126.30 11.24 22.37 50.23 
Intolerant Taxa 0.89 0.94 2.99 31.49 
Dominance 138.83 11.78 43.45 27.12 
* For plecoptera taxa metnc, N = 168 

T bl 7 C a e ompanson o fANOVA 1 b resu ts etween CSBP dSNARL an met h d 0 s. 
CSBP SNARL % Difference 

Metric RMSE MEAN cv RMSE MEAN cv 
Richness 3.21 16.72 19.23 3.76' 27.09 13.9 5.4 
EPT Taxa 1.59 6.45 24.71 1.85 11.1 16.67 8.04 
Ephemeroptera Taxa 0.72 2.97 24.44 1.03 

.. 
6.77 15.26 9.18 

Plecoptera Taxa 1.09 2.83 38.54 1.26 4.33 28.99 9.55 
Trichoptera Taxa 1 2.82 35.65 1.16 5.73 20.22 15.43 
Chironomid Taxa 0.6~ 2.46 27.47 2.45 11.22 21.8 5.67 
%EPT 11.29 42.21 26.76 9.5 63.32 15 11.76 
%Chironomidae 8.45 19.99 42.29 6.99 31.15 22.44 19.85 
Hilsenhoff Biotic Index 0.79 5.77 13.7 0.36 4.26 8.46 5.24 
%Tolerant Taxa 11.24 22.37 50.23 5.4 11.32 47:7 2.53 
Intolerant Taxa 0.94 2.99 31.49 2.16 14.41 14.98 16.51 
Dominance 11.78 43.45 27.12 7.78 36.16 21.52 5.6 

Table 8. Comparison of precision estimates between CSBP and SNARL methods where 
population size is consistent (N = 18) 

CSBP SNARL 
MS 

Metric MS Error RMSE Mean cv Error RMSE Mean cv 
EPT Taxa 1.63 1.28 5.87 21.75 4.61 2.15. 16.83 12.75 
Ephemeroptera Taxa 0.31 0.56 2.65 21.19 1.07 1.03 6.77 15.26 
Plecoptera Taxa 0.63 0.79 0.91 87.45 1.58 1.26 4.33 28.99 
ITrichoptera Taxa 0.67 0.82 2.04 40.08 1.34 1.16 5.73 20.22 
Chironomidae Taxa 0.43 0.65 2.20 29.62 5.98 2.45 11.22 21.80 
o/oEPT 102.42 10.12 47.88 21.14 0.90 9.50 63.32 15.00 
%Chironomidae 76.66 8.76 20.10 43.55 0.60 7.74 20.27 22.44. 
Hilsenhoff Biotic Index 0.43 0.65 4.74 13.74 0.19 0.44 3.58 12.31 
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Table 9. Comparison of precision estimates between CSBP and SNARL methods where 
replicate size is consistent (replicates = 3). 

CSBP SNARL 
MS 

Metric MS Error RMSE Mean cv Error RMSE Mean cv 
EPT Taxa 2.54 1.59 6.45 24.71 3.14 1.77 10.66 16.60 
Ephemeroptera Taxa 0.53 0.72 2.97 24.44 0.81 0.90 6.70 13.47 
Plecoptera Taxa 1.19 1.09 2.83 38.54 1.11 1.05 4.28 24.64 
[Trichoptera Taxa 1.01 1.00 2.82 35.65 1.24 1.11 5.69 19.59 
Chironomidae Taxa 0.46 0.68 2.46 27.47 4.67 2.16 11.00 19.64 
%EPT 127.56 11.29 42.21 26.76 0.49 7.03 64.10 10.97 
%Chironomidae 71.46 8.45 19.99 42.29 0.53 7.31 32.36 22.58 
Hilsenhoff Biotic Index 0.63 0.79 5.77 13.70 0.17 0.41 4.31 9.45 

Case Example Defining Method Performance Characteristics 

While developing a statewide network for biomonitoring and bioassessment using 
macroinv~rtebrate data, Florida Department of Environmental Protection (DEP) rigorously 
examined performance characteristics of their collection and assessment methods in order to 
provide better overall quality assurance of their biomonitoring program and to provide defensible 
and appropriate assessments ofthe state's surface waters (Barbour et al. 1996b, c). This case 
example was summarized from Chapter 4- Performance-Based Methods System in Rapid 

Bioassessment Protocols for Use in Wadeable Streams and Rivers (Barbour et al. 1999). 

Characterizing Sampling Error (Method Precision on a Population of Reference Sites): A total 
of 56 reference sites were sampled in the Peninsula bioregion. The Florida Stream Condition 
Index (SCI) score could range from,a minimum of 7 to a theoretical maximum of 31 based on the 
component metric scores. However, in the Peninsula, reference site SCI scores generally ranged 
between 21 and 31. A mean SCI score of27.6 was observed with a CV of 12.0%. 

Determining Method and Index Sensitivity: Distribution of SCI scores of the 56 reference sites 
showed that the 51h percentile was a score of20. Thus, 95% of Peninsula reference sites had a 
score >20. Accuracy of the method, using known stressed sites, indicated that approximately 
80% of the test sites had SCI scores ~ 20. In other words, a stressed site would be assessed as 
impaired 80% of the time using the collection method in the Peninsula bioregion in the summer, 
and an impairment criterion of the 5th percentile of reference sites. 

Determination of Method Bias and Relative Sensitivity in Different Site Classes: A comparative 
analysis of precision, sensitivity, and ultimately bias, was performed for the Florida DEP method 
and the SCI index. The mean SCI score in the Panhandle bioregion, during the same summer 
index period, was 26.3 with a CV = 12.8% based ori 16 reference sites. Comparing this CV to 
the one reported for the Peninsula above, it is apparent that the precision of this method in the 
Panhandle was similar to that observed in the Peninsula bioregion. On the other hand, the 51h 
percentile of the Panhandle reference sites was an SCI score of 17, such that actual sensitivity of 
the method in the Panhandle was slightly lower than in the Peninsula bioregion. An impaired 
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site would be assessed as such only 50% of the time in the Panhandle bioregion during the 
summer as opposed to 80% of the time in the Peninsula bioregion during the same index period. 

Appendix C: Pe1jormance Characteristic Evaluation C-6 

A009896 



I , 
I I 

Bioassessment In Low Gradient Streams 

State Water Resources Control Board Agreement No. 03-196-250-0 

Quality Assurance Project Plan 

Southern California Coastal Water Research Project 
7171 Fenwick Lane 

Westminster, CA 92683 

August 2005 

A009897 



Quality Assurance Project Plan 
Bioassessment in Low Gradient Streams 

SWRCB Agreement No. 03-196-250-0 
August 2005 

Quality Assurance Project Plan 

Southern California Coastal Water Research Project 

PROJECT: Bioassessment in low gradient streams 
State Water Resources Control Board Agreement No. 03-196-250-0 

PREPARED BY: Southern California Coastal Water Research Project 
7171 Fenwick Lane 
Westminster, CA 92683 

1. APPROVED BY: 

Grant Organization 

Ken Schiff, Project Director Date 
Southern California Coastal Water Research Project 

James Harrington, QA Officer Date 
California Department of Fish and Game 

Joe Sluzark, Laboratory Analysis Date 
Chico Research Foundation 

Funding Organization (SWRCB) 

Erick Burres, Contract Manager Date 
State Water Resources Control Board 

First Last, QA Officer Date 
State Water Resources Control Board 

ii 

A009898 



Group A 

1. 

Quality Assurance Project Plan 
Bioassessment in Low Gradient Streams 

SWRCB Agreement No. 03-196-250-0 
August 2005 

2. TABLE OF CONTENTS 
page 

Project Management 

Approval Sheet. ....................................................................................................... i 

2. TABLE OF CONTENTS ...................................................................................... 111 

LIST OF TABLES ........................................................................................................ IV 

LIST OF FIGURES ...................................................................................................... IV 

3. DISTRIBUTION LIST .......................................................................................... 1 

4. PROJECT/TASK ORGANIZATION ..................................................................... 2 

5. PROBLEM DEFINITION I BACKGROUND ......................................................... 5 

6. PROJECT/TASK DESCRIPTION ....................................................................... 7 

. 7. QUALITY OBJECTIVES AND CRITERIA ......................................................... 1 0 

8. SPECIAL TRAINING NEEDS/CERTIFICATION ............................................... 12 

9. DOCUMENTS AND RECORDS ....................................................................... 13 

GROUP B DATA GENERATION AND ACQUISITION ............................................ 15 

10. SAMPLING PROCESS DESIGN ...................................................................... 15 

11. SAMPLING METHODS .................................................................................... 16 

12. SAMPLE HANDLING AND CUSTODY ............................................................. 17 

13. ANALYTICAL METHODS ................................................................................. 18 

14. QUALITYCONTROL ........................................................................................ 19 

15. INSTRUMENT/EQUIPMENT TESTING, INSPECTION, AND MAINTENANCE20 

16. INSTRUMENT/EQUIPMENT CALIBRATION AND FREQUENCY ................... 21 

17. INSPECTION/ACCEPTANCE FOR SUPPLIES AND CONSUMABLES ........... 22 

18. NON-DIRECT MEASUREMENTS .................................................................... 23 

" 19. DATA MANAGEMENT ............ : ......................................................................... 24 

GROUP C ASSESSMENT AND OVERSIGHT ........................................................ 25 

20. ASSESSMENTS AND RESPONSE ACTIONS ................................................. 25 

21. REPORTS TO MANAGEMENT ....................................................................... ·.26 

GROUP D DATA VALIDATION AND USABLILITY .................................................. 27 

22. DATA REVIEW, VERIFICATION, AND VALIDATION ...................................... 27 

23. VERIFICATION AND VALIDATION METHODS ............................................... 28 

24. RECONCILIATION WITH USER REQUIREMENTS ......................................... 29 

iii 

A009899 



Quality Assurance Project Plan 
Bioassessment in Low Gradient Streams 

SWRCB Agreement No. 03-196-250-0 
August2005 

LIST OF TABLES 
page 

Table 1. (Element 4) Personnel responsibilities ....................................................................... 3 

Table 2. (Element 6) Analytical constituents and method requirements ................................... 7 

Table 3. (Element 6) Project schedule ..................................................................................... 8 

Table 4. (Element 7) Measurement quality objectives ............................................................ 11 

Table 5. (Element 9) Document and record retention. archival. and disposition information .. 13 

Table 6. (Element 1 0). Number and frequency of water samples .......................................... 15 

Table 7. (Element 11) Sample handling ................................................................................. 16 

Table 8. (Element 13). Analytical methods ............................................................................ 18 

Table 9. (Element 15). Testing, inspection and maintenance of sampling equipment and 
analytical instruments ..................................................................................................... 20 

Table 10. (Element 21) QA management report .................................................................... 26 

LIST OF FIGURES 
page 

Figure 1. Organization chart .................................................................................................... 4 

Figure 2. Study watersheds ..................................................................................................... 9 

iv 

A009900 

I 



Quality Assurance Project Plan 
Bioassessment in Low Gradient Streams 

SWRCB Agreement No. 03-196-250-0 
August 2005 

3. DISTRIBUTION LIST 
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4. PROJECT/TASK ORGANIZATION 

4.1 Involved Parties and Roles. 

Southern California Coastal Water Research Project (SCCWRP) is a joint powers 
agency that was formed by several government agencies with a common mission to 
gather the necessary scientific information to effectively, and cost-efficiently, protect 
the Southern California aquatic environment. As the lead agency in this project, 
SCCWRP will organize the sample collection, analysis of samples and data, the 
maintenance of contracts with Chico Research Foundation (Chico), and all report 
preparation. 

The Chico Research Foundation is the premier agency in the State for 
bioassessments laboratory analysis including ambient monitoring and assessments, 
field and laboratory training and support, enforcement actions, spill response, 
information management, biocriteria development and research. 

Ken Schiff will be the SCCWRP Project Director for this study and will establish a 
project team for planning and conducting the study (Table 1, Figure 1 ). 

The Chico Research Foundation laboratory located in Chico will perform the biological 
analyses of the bioassessment samples. Joe Sluzark will oversee these analyses. 

4.2 Quality Assurance Officer Role 

Jim Harrington will be the Quality Assurance Officer. Jim's role is to establish the 
quality assurance and quality control procedures found in this QAPP as part of the 
sampling and analysis procedures. Jim will work with field and laboratory managers 
by communicating all quality assurance and quality control issues contained in this 
QAPP. 

Jim will also review and assess all procedures during the life of the contract against 
QAPP requirements. Jim will report all findings to Ken Schiff, including all requests for 
corrective action. Jim may stop all actions, including those conducted by SCCWRP or 
Chico if there are significant deviations from required practices or if there is evidence 
of a systematic failure. 

4.3 Persons Responsible for QAPP Update and Maintenance. 

Changes and updates to this QAPP may be made after a review of the evidence for 
change by the Project Director and Quality Assurance Officer, and with the 
concurrence of the both SWRCB's Contract Manager and Quality Assurance Officer. 
The Project Director will be responsible for making the changes, submitting drafts for 
review, preparing a final copy, and submitting the final for signature. · 
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Table 1. (Element 4) Personnel responsibilities. 

Name Organizational Affiliation 

Ken Schiff SCCWRP 

James Harrington CDFG 

Joe Sluzark Chico 

Erick Burres SWRCB 
I 

First Last SWRCB 

Title 

Project Director 

Project QA Officer 

Laboratory Coordinator 

Contract Manager 

Contract QA officer 
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Contact Information 
(Telephone number, fax number, 
email address) 

Tel: (714) 372-9202 
Fax: (714) 894-9699 I 

kens@sccwr[2.org 

Tel: (916) 358-2862 
Fax: (916) 985-4301 
jharring@os[2r.dfg.ca.gov 

Tel: (530) 898-6811 
Fax: (530) 898-6021 
JSiusark@csuchico.edu 

Tel: (213) 576-6788 
Fax: (213) 576-6686 
eburres@waterboards.ca.gov 
Tel: 
F~x: 
em9i1 
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4.4 Organizational Chart and Responsibilities 

Figure 1. Organization chart 

I 
Sampling 
Ken Schiff 

(SCCWRP) 
(714) 372-9202 

'l; ... 

Contract Manager 
Erick Burres 
(SWRCB) 

(213) 576-6788 

Project Director 
Ken Schiff 
(SCCWRP) 

(714 )372-9202 
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SWRCB Quality Assurance Officer 
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Project Quality Assurance Officer 
James Harrington 

(CDFG) 
(916) 358-2862 

I 
Laboratory Analysis 

Joe Sluzark 
(Chico) 

(530) 898-6811 
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5. PROBLEM DEFINITION I BACKGROUND 

5.1 Problem Statement 

Bioassessments that focus on benthic macroinvertebrates in freshwater streams are a 
powerful tool for evaluating health of a waterbody. The State of California, recognizing 
the value for such a monitoring tool, has been developing and testing bioassessment 
protocols over the last 10 years. As a result, more than 211,500 stream miles are 
currently monitored annually within California. Historically, the State has 
recommended the California Stream Bioassessment Protocol (CSBP). This method 
has been successfully applied in both high and low gradient streams. 

The State has been ·so successful in growing its bioassessment monitoring program 
that two important evolutions have occurred. First is the development of regional 
indices of biological integrity (IBis) for both the southern and northern California 
coastal regions. The second is the desire to produce a statewide condition 
assessment of wadeable streams and compare the results with other assessments 
being conducted around the country. Unfortunately, federally funded monitoring 
programs across the west and the rest of the nation, including the US Forest Service 
and US EPA, do not use the CSBP. 

In order to maintain consistency with federally funded monitoring programs, the State 
is recommending the adoption of the targeted riffle composite method (TRC) in high 
gradient streams. The TRC is the method used by the US Forest Service, and in 
addition to a multihabitat (MH) sample, was collected by the EPA in the EMAP western 
pilot as part of a methods comparison,. The TRC methodological approach is similar 
to the CSPB and coincident sampling has demonstrated that the resulting data are 
similar as well. 

Less effort has been directed at comparison of sampling methods in low gradient 
streams. The state is considering adoption of the EPA's MH sampling method for low 
gradient streams, but no thorough side-by-side comparison of the MH and CSBP 
methods has been conducted. Moreover, the methodological approaches between the 
MH and CSBP are less similar than the two targeted riffle methods used in high 
gradient streams. For example, the CSBP enables flexibility to target the richest 
habitat such as the margins in low gradient streams. In contrast, the MH specifically 
avoids flexibility to ensure consistency and, as a result, may miss the richest habitat in 
low gradient streams. Our lack of knowledge regarding comparability between the MH 
and CSBP precludes a decision about which method provides the most effective 
monitoring strategy in low gradient streams. Low gradient streams comprise a 
significant portion of the state's stream reaches, and since they typically occur in lower 
portions of watersheds, are often subjected to a number of stressors including inputs 
from urban and agricultural land uses. 
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The objective of this study is to compare the MH and CSBP in low gradient streams in 
southern coastal California. The goal is to use both methods side-by-side in low 
gradient streams, then examine within reach variability in southern California IBI 
scores. Using this approach, we intend to assess if significant differences occur that 
would impact the transition from CSBP to MH methodology in low gradient streams. 

5.3 Water Quality Regulatory Criteria 

No numerical water quality criteria exist for bioassessments. 
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6. PROJECT/TASK DESCRIPTION 

6.1 Work Statement and Produced Products 

An analysis cif variance design will be used for estimating potential differences in 
sampling methodologies. Within-site variance in IBI scores due to sampling error will 
be estimated for both the MH and CSBP protocols by taking triplicate samples of each 
at 15 reaches. These variance estimates will be used to determine method precision 
(see below). The nested, side-by-side sampling design will also allow detection of any 
differ~nces in characterization of benthic assemblages due to sampling protocol. 

For the MH protocol, 1 ft2 of substrate will be sampled at each of 11 evenly spaced 
transects per 150m reach. Sampling position at each transect will alternate between 
25%, 50 %and 75% of stream width. A total of 11 ft2 per replicate will be composited 
into a single sample for laboratory analysis. This will result in a cumulative 33 total 
transects for the three replicates. For the CSBP protocol, each replicate will be 
comprised of three randomly selected transects from which 3 ft2 will be cleared 
including 1 ft2 at the right margin, 1 ft2 a~ the thalweg, and 1 ft2 at the left margin. A 
total of 9 ft2 per replicate will be com posited into a single sample for laboratory 
analysis. 500 organisms will be sub-sampled from each composite and identified to 
CSBP "Levell" Standard Taxonomic Effort 

Reach selection will focus on identifying low gradient streams that encompass a range 
of potential impacts. In order to understand how each method will respond under the 
variety of stressors that are encountered in low-gradient streams, it is important to 
collect the side-by-side data from sites that represent both reference and altered 
conditions. In this way we can critically quantify method comparability and determine if 
assessment endpoints will vary due to method-specific sampling bias. Many of these 
sites may already be part of an ongoing monitoring program, but we will likely need to 
select additional sites to satisfy our need for a range of environmental stressors. 

6.2 Constituents to be Monitored and Measurement Techniques .. 
Bioassessments will measure benthic invertebrate communities. We will use existing 
SWAMP defined methodologies as defined in the SWAMP QAPP (2002). 

Table 2. (Element 6) Analytical constituents and method requirements. 

Analyte 

Biological communities 

6.3 Project Schedule 

Method 
SWAMP QAPP, Appdx G- SOP for biological 
assessment 
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Table 3. (Element 6) Project schedule. 

Activity 
Anticipated date of 

completion 

QAPP Production 8/31/05 

Sampling & Analysis 12/31/05 

Draft Report 4/31/06 

Final Report 5/30/06 

6.4 Geographic Setting 
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Deliverable 
Deliverable due 

date 

QAPP 8/31/05 

Sample event summary 12/31/05 

Draft Report 4/31/06 

Final report 5/30/06 

This study extends throughout coastal southern California watersheds from Ventura to 
San Diego counties. This includes the Santa Clara River, Conejo Creek and Las 
Vrigenes Creek (Malibu Creek), Los Angeles River, Rio Hondo River, Santa Ana 
River, Aqua Hedionda Creek, San Juan Creek, Santa Margarita River, and San Luis 
Rey River watersheds (Figure 2). 
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Figure 2. Study watersheds. 
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The main constraint for this study is to sample only low gradient sites that exhibit a 
range of human impact. To resolve this issue, we will use a directed sample design 
whereby we focus on sites that have been sampled by others and we have an 
expectation of habitat and community health. 
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7. QUALITY OBJECTIVES AND CRITERIA 

Data Quality Objectives (DQOs) are quantitative and qualitative statements that 
specify the tolerable levels of potential errors in the data (U. S. EPA, 2000) and 
ensure that the data generated meet the standards for published data in the peer
reviewed literature. As defined in this plan, DQOs specify the quantity and quality of 
data required to support the study objectives. Each data quality category is described 
below. Numerical DQOs for the constituents being sampled are listed in Table 4. 

The group philosophy was to use existing SWAMP QA standards. The data quality 
objectives included: 1) 90% completeness of field and lab activities; 2) lab re-sort 
frequency of 100% and accuracy of 95%; 3) DFG re-ID frequency of 10% and 
accuracy of 95%; 4) field duplicate frequency already exceeds SWAMP standards; 
and data review frequency of.:::_ 50% with 90% accuracy-accuracies <90% will lead to 
1 00% data audits. Additional QA measures include field audits of each agency 
currently scheduled for the week of Sept 12-16. A field training day for all participants 
is currently scheduled for Aug 25th in San Luis Obispo. 

7.1 Precision 

Precision describes how well repeated measurements agree. The precision objectives 
in this study apply to field duplicate samples (see Section 14). Precision for 
bioassessments is quantified using relative variance such as standard deviations (SO) 
and/or coefficients of variation (CV). The frequency of field duplicates shall be at least 
10%. No specific criterion for precision is given in the SWAMP QAPP, but shall be 
quantified for evaluation (Table 4). 

7.2 Accuracy 

Accuracy describes how close the measurement is to its true value. The accuracy of 
bioassessments in this study applies to sample sorting and identification (See section 
14 ). The frequency of sorting accuracy evaluation shall be 100%. The accuracy of 
sample sorting shall be equal to or greater than 95% (Table 4). The frequency of 
identification accuracy evaluation shall be 10%. The accuracy of sample identification 
shall be equal to or greater than 95% (Table 4). 

7.3 Completeness 

Completeness describes the success of sample collection and laboratory analysis, 
which should be sufficient to fulfill the statistical criteria of the project (Table 4). 
Completeness is measured as the fraction of samples sampled and/or analyzed 
relative to the quantity targeted in the study design (See Section 1 0). While no 
specific statistical criteria have been established for this study, it is expected that 90% 
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of all measurements could be faken when anticipated. This DQO accounts for 
adverse weather conditions, safety concerns, and equipment problems. A loss of 10% 
of the samples in this study would represent a minimal loss in statistical power to 
address the study objectives. 

7.4 Targeted Reporting Level 

The reporting level for bioassessments applies complexity of taxonomic resolution. In 
this study, we will use the standard taxonomic level established by the California 
Macroinvertebrate Laboratory Network (CAMLnet). This guidance recommends 
identification to genus or lowest level possible. 

Table 4. (Element 7) Measurement quality objectives. 

Analyte Accuracy Precision 
Target 

Completeness Reporting Level 

Re-sort Frequency: 100% 
Field 

CAMLnet 
Biological Re-sort Accuracy: ~ 95% 

Duplicates: 
Standardized 90% 

Assessments Lab ID Frequency: 10% Taxonomic Effort 
Lab ID Accuracy: > 95% 

10% Manual (2001) 
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8. SPECIAL TRAINING NEEDS/CERTIFICATION 

8.1 Specialized Training or Certifications 

Both sampling and laboratory analysis require specialized training. Field sampling 
training can be provided during short courses offered by the CDFG or similar agency. 
Laboratory analysis requires years of experience anq mentoring by a qualified 
taxonomist. Field sampling during this study will be coordinated by personnel with 
several years experience. All samples will be analyzed by the CDFG laboratory, which 
has the most experienced laboratory in the State of California. Both SCCWRP and 
Chico are members of CAMLnet. No formal certifications are available for either field 
sampling or laboratory analysis. 

8.2 Training and Certification Documentation 

Both SCCWRP and the Chico maintain records of their training. Those records can be 
obtained, if needed, through the Project or Laboratory Directors. 

8.3 Training Personnel 

SCCWRP and CFF&G maintain rigorous field and laboratory training programs based 
on written, oral and performance-based guidelines. Training and performance are also 
evaluated on an ongoing basis based, in part, on the QA parameters defined in this 
plan. Standard Operating Procedures (SOPs) for field, laboratory, and data 
management tasks have been developed and will be updated on a regular basis in 
order to maintain procedural consistency (see Appendices). The maintenance of an 
SOP Manual will provide project personnel with a reference guide for training new 
personnel as well as a standardized information source that personnel can access. 

To ensure consistent and comparable field techniques, this study will include a 
presurvey field training and in-situ field audits. The presurvey training will focus on 
sampling design and field logistics including compositing and netting patterns. In-situ 
audits will consist of equipment checks, good sampling practices., record-keeping, and 
health and safety. 

12 

A009912 



9. 

Quality Assurance Project Plan 
Bioassessment in Low Gradient Streams 

SWRCB Agreement No. 03-196-250-0 
August 2005 

DOCUMENTS AND RECORDS 

All documents generated by this project will be stored at SCCWRP or Chico (Table 5). 
Sampling records will be stored and maintained at SCCWRP. Laboratory analysis 
records pertinent to this study will be maintained at the Chico laboratory. Copies of all 
records held by Chico or SCCWRP will be provided to the Project QA Officer or 
Project Director upon request. 

Persons responsible for maintaining. records for this project are as follows. Ken Schiff 
will maintain all sample collection, sample transport, ·chain of custody, field analyses 
forms, all records associated with the receipt and analysis of samples analyzed for all 
parameters, and all records submitted by Chico. Joe Sluzark will maintain Chico's 
records including sorting and laboratory bench sheets. Ken Schiff will oversee the 
actions of these persons and will arbitrate any issues relative to records retention and 
any decisions to discard records. 

All field results will be recorded at the time of completion, using standardized field data 
sheets. Data sheets will be reviewed for outliers and omissions before leaving the 
sample site. Chain of custody forms will be completed for all samples before leaving 
each sampling site. Data sheets and chains of custody will be stored by SCCWRP in 
hard copy form for five years from the time the study is completed. The directory 
where electronic files are stored will be backed up nightly on a second hard drive, and 
backed up monthly off-site. 

All data from this project will be made publicly available. Release of data will include 
comprehensive documentation. This documentation will include database table 
structures (including table relationships) and lookup tables used to populate specific 
fields in specific tables. Release to the public will also include quality assurance 
classifications of the data (i.e. flags, as appropriate) and documentation of the 
methods by which the data were collected (metadata). Data will be released to the 
general public once a final report documenting the study has been prepared. Final 
deposition of databases and reports will be passed to the Contract Manger on CD. 

Table 5. (Element 9) Document and record retention, archival, and disposition information. 

Identify Type 
Retention Archival Disposition 

Needed 

Station Notebook Paper Notebook 5 years 
Occupation 

Field data sheet Paper Notebook 5 years Log 
Sample 
Collection Chain of Custody Paper Notebook 5 years 
Records 
Analytical 

Lab notebooks Paper Notebook 3 years 
Records 
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Lab Results QA/QC Paper and electronic 

Electronic data file Electronic 

Data Records Data Entry Electronic 

Asses·sment 
QA/QC assessment Paper and electronic 

Records 
Final Report Paper and electronic 
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Notebook/Excel 3 years 

Database 3 years 

Database Indefinite 

Document Indefinite 

Document Indefinite 
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GROUP 8 DATA GENERATION AND ACQUISITION 

10. SAMPLING PROCESS DESIGN 

A total of 15 sites allocated using a deterministic design will be selected throughout the 
Southern California coastal watersheds (Table 6). Each site will be sampled during a 
single visit during the index period of September 1 to October 31, 2005, or until the 
first significant rainfall, whichever comes first. 

Table 6. (Element 1 0). Number and frequency of sample sites. 

Watershed SiteiD Level of Soft or Flowing Access Notes 
Disturbance Cement? or and 

(1 to 5, 5 Impound? permission 
worst 

Rio Hondo RD 4 s F y 

Santa Clara RB 3 s F y 

Santa Clara RC 3 s F y 

Santa Clara RD 3 s F y 

Santa Clara NR1 4 s F y Located 300 ft. upstream of the 
Los AngelesNentura County Line 

Santa Clara NR3 4 s F y 2.74 mi. downstream of the 
Los AngelesNentura County Line 

Santa Claia @ Piru 4 s F y 
Ck 

Santa Margarita SMR-CP 2 s F y On Camp Pendleton, near hospital 
Santa Margarita SMD-DS 2 s F y 

On Camp Pendleton, along Admiral Way 
San Luis Rey SLRR- 3.5 s F y 

MR At Mission Road bridge 
Aqua Hedionda AHS- 4.5 s F y. 

ECR At El Camino Real 
San Juan Ck 1 to 5 s F y 

One of the less impacted sites 
La River @Victory 5 s F y 

Santa Ana Rvr SNA 3 s F waiting 
on the Oxnard plain with heavy agriculture 

Conejo Creek R1 . 4.5 s F y and a lot of erosion 

Las Virgenes Creek· LV2 3 s 
relatively natural except for 

F waiting human recreational activity 
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11. SAMPLING METHODS 

Sampling requires the manual collection of composite benthic samples using a D
shaped kick net at each of the monitoring locations. The complete sampling SOP, as 
defined in the SWAMP QAPP, appears in Appendix A. 

Sample containers and preseNatives are identified in Table 7. Appropriate pre
cleaned sample containers will be used. 

The sampling coordinator has responsibility for assessing the safety of sampling 
teams. A two-person team will conduct all sampling, and the sampling team will have 
access to a cellular phone in order to alert rescue agencies should an accident occur. 
Sampling will be postponed if the sampling team determines that the conditions are 
unsafe. 

Failure to collect a sample due to safety concerns or technical issues will be promptly 
reported to the Project Director, who will determine if any corrective action is needed 
and make arrangements to collect a replacement sample (if possible). The Quality 
Assurance Officer will document sampling failures and the effectiveness of corrective 
actions. 

Table 7. (Element 11) Sample handling. 

Analyte 
Bottle Preservative Maximum Holding Time 

Type/Size 
0.5 L Plastic 

Bioassessment wide mouth with 95% Ethanol 5 years 
screw top lids 
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12. SAMPLE HANDLING AND CUSTODY 

Samples will be kept in 95% ethanol and will be transferred to the analytical 
laboratories within the holding times specified in Table 7. To provide for proper 
tracking and handling of the samples, documentation will accompany the samples 
from the initial collection to the final identification and analysis. 

All bottles will be labeled according to the SOP in Appendix A. Field data sheets and 
chains of custody will accompany the collection of samples. An example of the Chain
of-Custody form is also shown in Appendix A. 

All samples will be marked with a unique number to track their analysis. These 
identification labels will also be entered directly on to field and laboratory data sheets. 
All observations recorded in the field as well as information recorded in processing all 
field samples in the laboratory will be tracked using these identification labels. 

The SOP details the procedures for submitting samples to the Chico laboratory. 
These procedures reinforce the use of proper sample containers, chain of custody 
procedures, and unique station codes and sampling agency identifiers. 
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13. ANALYTICAL METHODS 

13.1 Analysis Methods 

The samples will be analyzed for biological identification according to the SWAMP 
standardized methods (SWAMP 2002). Specific details regarding analysis are 
provided in Appendix A. These details include subsampling, sorting, and identification. 

Table 8. (Element 13). Analytical methods. NA = not applicable. 

Modifications 
Method 

Analyte Method 
to Method 

Detection 
Limit 

Biological identification and 
SWAMP QAPP (2002) none N/A 

enumeration 

13.2 Sample Disposal 

After analysis, including QAJQC procedures, sample disposal will follow laboratory 
protocols (SWAMP 2002). The retention of samples shall include unsorted sample, 
sorted remnants, identified sample partitioned into taxa groups, and a reference 
collection. 

13.3 Corrective Action 

Corrective action is taken when an analysis is deemed suspect for some reason. 
These reasons include exceeding accuracy ranges and/or problems with sorting and 

· identification. The corrective action will vary on a case-by-case basis, but at a 
minimum involves the following: 

• A check of procedures. 
• A review of documents and calculations to identify possible errors. 
• Correction of errors based on discussions among taxonomists. 
• A complete re-identification of the sample. 

The field and laboratory coordinators each have systems in place to document 
problems and make corrective actions. All corrective actions will be documented to 
the Project Manager. 
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14. QUALITY CONTROL 

Samples for QA/QC will be collected both in the field and in the lab. Field QA/QC 
samples are used to evaluate precision due to sampling bias or field variability. Field 
QAJQC samples include field duplicates. Lab QA/QC samples are used to evaluate 
the analytical process for precision and accuracy. Internal laboratory quality control 
checks will include sample re-sorts and re-identification (See Section 7). These 
QA/QC activities are discussed below. 

14.1 Field Duplicates 

Field duplicates help quantify potential bias associated with sampling activities. Field 
duplicates are comprised of a replicate sample taken at the same site. There are no 
specific criteria for field duplicate precision, but these data are evaluated in the data 
analysis/assessment process. 

14.2 Sample Re-sorting 

Sample re-sorting is used to quantify the sorting accuracy of the laboratory. Once 
samples are sorted, a second technician will re-sort the sample remnants to ensure 
that all organisms have been removed. The acceptable accuracy limits are shown in 
Table 4. Percent sorting accuracy is calculated as: 

Percent Sorting Accuracy= ((number of organisms in re-sort *1 00)/ number of 
organisms in original sort) 

14.3 Sample identification 

Sample re-identification is used to quantify the identification and enumeration accuracy 
of the laboratory. Once samples are identified, a second technician will re-identify the 
sample to ensure that all organisms have been accurately identified and enumerated. 
The acceptable accuracy limits are shown in Table 4. Percent identification accuracy 
is calculated as: 

Percent Identification Accuracy= ((number of organisms in re-ID *1 00)/ number of 
organisms in original 10) 

Typically, the number of organisms identified is approximately 500. 
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15. INSTRUMENT/EQUIPMENT TESTING, INSPECTION, AND MAINTENANCE 

15.1 Sampling Equipment 
SWAMP has established standard operating procedures for each piece of field 
equipment (Table 9). See Appendix A for a complete listing of equipment and 
maintenance schedule. 

Table 9. (Element 15). Testing, inspection and maintenance of sampling equipment 
and analytical instruments. 

Equipment Item Inspection Schedule 

D-shaped Kick Net (0.5mm mesh) Each sampling event 
Standard Size 35 Sieve (0.5 mm) Each sampling event 
Wide-mouth Plastic Jars Each sampling event 
Measuring Tape (1 00 meter) Each sampling event 
Pencils/Permanent Markers Each sampling event 
Flagging Each sampling event 
Forceps Each sampling event 
Water-proof Paper Each sampling event 
Gridded White Enameled Pan Each sampling event 
YSI 85 Each sampling event 
pH Meter Each sampling event 
Thermometer Each sampling event 
Flow Meter Each sampling event 
GPS Unit Each sampling event 
Digital Camera Each sampling event 
Stadia Rod ·Each sampling event 

15.2 Analyticallnstruments 
The Chico lab maintains its equipment in accordance with its SOPs, which include 
those specified by the manufacturer and those specified by the method. 
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16. INSTRUMENT/EQUIPMENT CALIBRATION AND FREQUENCY 

All laboratory equipment is calibrated based on manufacturer recommendations and 
accepted laboratory protocol. The Chico laboratory maintains calibration practices as 
part of the method SOPs. 
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17. INSPECTION/ACCEPTANCE FOR SUPPLIES AND CONSUMABLES 

Glassware, sample bottles, and collection equipment will all be inspected prior to their 
use for chips, cracks, leaks, contamination, and other deformities that can affect the 
outcome of the study results. Sampling bottles will be purchased from VWR (vwr.com, 
800-932-2500). Supplies will be examined for damage as they are received. 
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18. NON-DIRECT MEASUREMENTS 

Previous studies that have performed bioassessment measurements in the study 
areas will be referred to in the study report, but this study will not incorporate existing 
data or other non-direct measurements. 
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19. DATA MANAGEMENT 

The management of bioassessment data will be initiated with the use of field and 
laboratory data sheets. Analysis results will be electronically sent to the Project 
Director following the completion of quality control checks by each of the laboratories. 
Data will be screened for the following major items: 

• A 1 00 percent check between electronic data provided by the laboratory and 
the hard copy reports 

• Conformity check between the Chain-of-Custody Forms and laboratory reports 
• A check for laboratory data report completeness 
• A check for typographical errors on the laboratory reports 
• A check for suspect values 

The laboratory will provide data in electronic format. The required form of electronic 
submittals will be provided to the laboratories to ensure the files can be imported into 
the project database with a minimum of editing. The data will be managed in 
SCCWRP's project database, which has a relational structure and is compatible for 
incorporation into the SWAMP database. 

Following the initial screening, a more complete QA/QC review process will be 
performed, which will include an evaluation of analytical accuracy and precision. 
Accuracy will be evaluated by reviewing re-sort and re-identification; precision will be 
evaluated by reviewing field duplicates, and sample completeness will be evaluated by 
comparing results to chain-of-custody forms. 
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ASSESSMENT AND OVERSIGHT 

20. ASSESSMENTS AND RESPONSE ACTIONS 

The Project Director will be responsible for the day-to-day oversight of the project. 
The Project QA Officer will conduct periodic reviews of the data and relay any 
problems to the Project Director. The QA Officer has the power to halt all sampling 
and analytical work by the Chico lab or SCCWRP if the deviation(s) noted are 
considered detrimental to data quality. 
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21. REPORTS TO MANAGEMENT 

The status of data collection during this project will be reported by the Project Director 
to the Contract Manager on a quarterly basis beginning April 15, 2005 and continuing 
until the completion of the project in June 2006. A draft final project report will be filed 
no later than April 30, 2006. The Project QA Officer has complete access to the 

. Project Director on an ongoing basis. Any QA deviations will be detailed in the sample 
event summary report and draft/final report. 

Table 10. (Element 21) QA management report 

Report Due by 

Quarterly progress reports April 15, 2005 and quarterly thereafter 

Sample event summary December 31, 2005 

Draft final report for review April30, 2006 

Final Report May 31, 2006 
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GROUP D DATA VALIDATION AND USABLILITY 

22. DATA REVIEW, VERIFICATION, AND VALIDATION 

Laboratory validation and verification of the data generated is the responsibility of the 
laboratory. The laboratory manager will maintain analytical reports in a database 
format as well as all QA/QC documentation for the laboratory. 

SCCWRP will review all data packages received for adherence to guidelines set forth 
in this QAPP. COC forms will be reviewed to ensure adherence to collection, 
transport, and receipt requirements, including test initiation within the required holding 
time. Toxicity data will be evaluated for completeness, adherence to test 
methodology, passing acceptability criteria, choice of appropriate statistical methods, 
and proper reporting. 

Laboratories will conduct a 50 percent raw data versus electronic data audit before 
delivering results to SCCWRP. If their error rate is greater than 5%, a 100% raw data 
audit will be triggered. 
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23. VERIFICATION AND VALIDATION METHODS 

Data collected in the field will be validated and verified by the field coordinator. The 
laboratory maintains chain of custody and sample manifests. 

Laboratory validation and verification of the data generated is the responsibility of the 
laboratory. The laboratory supervisor will maintain analytical reports in a database 
format as well as all QA/QC documentation for the laboratory. 

Ken Schiff is responsible for oversight of data collection and the initial analysis of the 
raw data obtained from the field and the laboratory. His responsibilities also include 
the generation of rough drafts of quarterly and final reports. Ken has final oversight on 
the submission of quarterly and final reports. 
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24. RECONCILIATION WITH USER REQUIREMENTS 

For data that do not meet DQOs, management has two options: 

1. Retain the data for analytical purposes, but flag these data for QA deviations. 

2. Do not retain the data and exclude them from all calculations and 
interpretations. 

The choice of option is the decision of the Project Director. If qualified data are to be 
used, then it must be made clear in the final report that these deviations do not alter 
the conclusions of the study. 
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PROBLEM DEFINITION AND BACKGROUND 

California's streams and lakes provide essential habitat for freshwater plants and animals and 
provide important recreation opportunities. Identifying unique aquatic habitats, recognizing 

. endemic species of plants and animals and assessing whether our streams and lakes are healthy 
or impaired is an important part of water resource management. However, California water 
resource agencies currently do not provide sufficient data to document the physical and 
biological condition of the state's water bodies. 

Bioassessment, a tool for measuring stream water and habitat quality based on the kinds of 
organisms living there, has recently been implemented in California with the goal of 
incorporating biological criteria into water quality standards. Such criteria can be used to 
protect biological resources, report on .the condition of water bodies, identify impaired water 
bodies and set restoration goals for impaired sites. In fact, the Clean Water Act mandates that 
"States shall adopt [water quality] criteria based on biological monitoring or assessment 
methods" (Section 303( c )(2)(B)), and that "States shall develop and publish criteria for water 
quality accurately reflecting the latest scientific knowledge ... on the effects of pollutants on 
biological community diversity, productivity and stability" (Section 304 (a)(l)). 

Only in recent years, v1ith encouragement from the EPA, have states started to collect adequate 
data on the physical and biological health of their water bodies. In 1993 California initiated the 
first step in developing a state-wide bioassessment program by introducing the California 
Stream Bioassessment Procedure (CSBP). The CSBP is a standardized protocol for assessing 
biological and physical/habitat conditions of wadeable streams in California, and is a regional 
adaptation of the national Rapid Bioassessment Protocols outlined by the U.S. Environmental 
Protection Agency (EPA 841-D-97 -002). The CSBP is a cost-effective tool that utilizes 
measures of a stream's benthic macroinvertebrate (BMI) community and its physical/habitat 
characteristics to determine the stream's biological and physical integrity. BMis can have a 
diverse community structure with individual species residing within the stream for a period of 
months to several years. They are also sensitive in varying degrees to temperature, dissolved 
oxygen, sedimentation, scouring, nutrient enrichment and chemical and organic pollution. 
Biological and physical assessment measures integrate the effects of water quality over time, 
are sensitive to multiple aspects of water and habitat quality and can provide the public with a 
familiar expression of ecological health. Now in its third edition, the CSBP is recognized as 
California's standard protocol for conducting physical and biological surveys, and forms the 
basis of California's effort to develop a state-wide bioassessment program (Davis et al. 1996). 

Bioassessment studies can normally be divided into two types: ambient monitoring and point 
source monitoring. Ambient monitoring consists of regular sampling within watersheds to 
establish baseline (i.e., current) conditions so that future changes can be evaluated for 
compliance with legally mandated water quality standards. Point-source monitoring involves 
surveys done before and after (or upstream and downstream) of a specific impact to determine 
the effects of that impact on aquatic communities. 

In either case, our ability to recognize degradation at potentially damaged sites relies on our 
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understanding of conditions expected in the absence of disturbance. In point-source monitoring, 
biological conditions observed upstream of an impact can be used as a reliable indicator in 
defining community recovery downstream. In ambient monitoring, expected conditions must 
usually be infened from "reference sites". In some studies, it is possible to select sites that 
have experienced minimal human impact and thus reflect pristine conditions. In areas where 
human alteration of the landscape is significant, reference sites are likely to be "least impaired 
sites", and thus reflect the best conditions possible given the extent and duration ofhuman 
activity (Hawkins et al., 2000). 

The DFG-ABL has collected bioassessment data for thousands of stream study sites in 
California since.l993. The objectives of the bioassessment program outlined herein are as 
follows: 

1) Establish appropriate biocriteria (e.g., Indexes ofBiological Integrity, [IBI's]) on a 
regional basis by defining reference stream conditions for different stream types in each 
of California's ecoregions. Regional reference conditions are essential for assessing the 
status of streams that may have degraded ecological integrity, and are also essential in 
monitoring the success of restoration efforts. 
2) Provide field and analytical support for Califomia's Regional Water Quality Control 
Boards as they incorporate ambient biological monitoring into water quality 
management. In addition to establishing regional IBI's, this includes developing lists of 
BMI's lmown from various regions, determining the best index periods for sampling 
BMI's and identifying highly impacted streams so that restoration efforts can be 
prioritized. Examples include ongoing projects for the San Diego and Bay Area 
Regional Water Quality Control Boards. 
3) Evaluate the biological integrity of streams exposed to various point-source impacts 
(enforcement cases). Site-specific baseline data are used to monitor the success of 
management actions taken. 
4) Offer technical support for other agencies conducting bioasessment in Califomia by 
establishing standardized field and laboratory protocols, taxonomic expertise and 
Quality Assurance/Quality Control services. · 
5) Comparison of various bioassessment sampling protocols (e.g., CSBP, RIVP ACS, 
EMAP). 
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Data collected will allow assessment of the integrity ofBMI communities throughout 
Califomia, and will thereby facilitate the development of water quality criteria and the 
evaluation of impaired water bodies in the context of those criteria. Data from reference sites, 
or minimally impaired sites in highly impacted areas; is essential in the development of 
biocriteria. The total number of sites sampled, including the number of minimally impacted 
sites required to establish reference conditions and the number of impacted sites that will 

. require future monitoring to assess compliance with legally mandated water quality objectives, 
will vary depending on the scope and goals of individual projects. 

The CSBP targets BMI communities that occur in riffle habitats within streams. Riffles are the 
most productive microhabitats within in a stream in terms of taxonomic diversity, and sampling 
within a specific microhabitat facilitates comparison of community composition between 
streams (such comparisons can be confounded by multi-habitat sampling approaches when 
study streams vary significantly in types of habitat available). In order to reduce the likelihood 
of inaccurate assessment of benthic communities due to sampling error and the "patchiness" · 
that often characterizes the distribution ofBMI's, the CSBP utilizes triplicate measures ofBMI 
community composition by sampling three different riffles within a stream reach. 

BMI communities should be sampled when streams are at base flow and before mass seasonal 
emergences have occurred (sampling index periods will vary with region). Furthermore, 
evaluation ofBMI community composition relies on accurate taxonomic identifications and a 
standard level of identification (e.g.,genus) that allows discrimination among sites. A 
guidance document outlining the desired level of taxonomic effort has been established by the 
Califomia Aquatic Bioassessment Laboratory. Because accurate taxonomy is imperative in 
bioassessment, a minimum of 95% accuracy in taxonomic identifications is required. 
Taxonomic accuracy is evaluated according to the QC protocol outlined below. 

Assessment of physical habitat quality is inherently more subjective than taxonomic 
identification. The QAprocedure outlined below has been designed to maximize accuracy and 
consistency in physical habitat assessment. Error rates of approximately 25% are considered 
acceptable for physical habitat assessment, i.e., independent evaluations of physical habitat at a 
given site should rank the site in the same broad quality category, of which there are four (see 
the attached sheet that outlines physical habitat parameters assessed per site). 
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All ABL staff members are trained in the use of the protocols outlined below. New field staff 
members are trained by experienced members orby project managers. Before each field season, 
all staff members are involved in training sessions to review protocols used in physical habitat, 
chemical and biological surveys. These training sessions involve practice sampling and habitat 
assessment. 

Most of the taxonomists in the lab have graduate degrees (M.S. or Ph.D.) in Entomology or 
Ecology, and have many years of experience in inveriebrate taxonomy and identification. Lab 
teclmicians receive training and direct oversight from taxonomists. 
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All field data (physical habitat and water chemistry measurements) are entered on standardized 
forms that are completed at the time of sampling (see attached forms). Laboratory records (e.g., 
COC's and sample processing information) are also standardized (see attached forms) and are 
kept in clearly labeled files in the ABL lab. Lists of all identified taxa and the ABL Sample 

© 

Inventory are stored by project in CAL EDAS, an ACCESS data base that facilitates the 
archiving and retrieval of taxonomic information. Vouchers of all identified BMI' s are kept for 
every project, and a reference collection of macro invertebrates found in California has been 
established. 
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Water quality assessment on a watershed basis requires at least one or two years of sampling 
effort by a water resource agency. This allows the establishment of baseline physical and 
biological infonnation, and allows the development of a reference framework (JBI) to assess 
the present and long-tenn condition of water resources within the watershed. Our ability to 
accurately characterize the biological integrity of sites, and thereby quantify impainnent when 
it exists, relies on the development ofthis framework. 

Sample Site Selection: The primary goal in selecting sampling sites is to represent the major 
sti;eam systems, ecoregion subsections, vegetation zones, stream orders and elevations within 
the watershed. Factors that may limit the number of study reaches include accessibility 
(physical and legal) and suitable riffle habitat. Land ownership throughout the watershed can 
limit site selection to areas where written permission is granted. Land owners bordering 
potential sampling sites can be identified through the local county assessors office, and contacts 
with property owners should utilize a standardized form. Sample site selection should include 
input form the Watershed Advisory Group and any public land agency located in the 
watershed. 

Reach length depends on the frequency of riffle/run habitat units and unifonnity of channel 
type. The objective in BMI sampling is to establish reaches that contain at least five riffle/run 
habitat units within the same chmmel type. If the reach length is limited by private land, at 
least three riffle/run habitat units should be delineated. 

A Global positioning system (GPS) is used to determine the coordinates of the sites whenever 
possible. Manual mapping of the sites is also done using major landmarks, 7.5 minute USGS 
(1 :24,000 scale) and USFS topographical maps. Latitude and longitude are detennined to the 
nearest second. 

Once smnpling sites are determined the following generalized tasks are performed: 

1) Summarize historic data and published information on watershed (non-critical) 
2) Detennine site ownership (non-critical) 
3) Contact owners for access approval and education (non-critical) 
4) Describe site location in detail including GPS (non-critical) 
5) Photo-document study reaches (non-critical) 
6) Define study reach through cham1el typing (critical) 
7) Describe watershed characteristics (critical) 
8) Measure habitat integrity using the CSBP (critical) 
9) Measure biological integrity (critical) 
1 0) Measure ambient water chemistry (critical) 
- temp, DO, conductivity, turbidity, pH 
11) Determine land-use activities (non-critical) 
12) Build GIS overlays of gathered information (non-critical) 
13) Rank areas ofwatershed degradation (critical) 
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14) Test bioassessment metrics using land-use activities and ranking (critical) 
15) Validate CSBP bioassessment metrics (critical) 
- within reaches 
- between reaches 
- seasonality 
16) Test available biotic indices (Moyle IBI, EPA, CSBP) (critical) 
17) Develop framework for biotic index for watershed (critical) 
18) Finalize data analysis and reduction (critical) 
19) Make project description and data available on CABW homepage (non-critical) 
20) Train and integrate watershed advisory group into a long-term monitoring program 
(critical) 
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Field Procedures For Collecting BMI Samples and Assessing Physical 
Habitat Quality 

The CSBP can be used to detect aquatic impacts from point and non-point sources ofpollution 
and for assessing ambient biological condition. The sampling unit is an individual riffle or 
riffles within a reach of stream depending on the type of sampling design used. Riffles are used 
for collecting biological samples because they are the richest habitat for BMis in wadeable 
streams. The BMI sampling procedures described in this Protocol Brief are intended for 
sampEng wadeable, running water streams with available riffle habitats. There are approved 
modifications of this procedure for narrow(< lm) streams, wadeable streams with sand or mud 
bottoms and channelized streams. There are also procedures for lentic or still water 
environments. Contact DFG for copies of any of these protocols, or visit the California Aquatic 
Bioassessment Web Site for more infonnation, at http://www.dfg.ca.gov/cabw/cabw/csbp.html 

It is important that BMI's are collected when streams are at base flow, as high flows can 
dramatically alter local community composition and can thus produce unrepresentative results. 

Field Equipment and Supplies 
. Measuring tape 
. D-shaped kick net (0.5mm mesh) 
. Standard Size 35 sieve (0.5mm mesh) 
. Wide-mouth 500 ml plastic jars 
. White smiing pan and forceps 
. 95% ethanol 
. California Bioassessment Worksheet (CBW) 
. Physical/ Habitat Quality form 
Flow meter 

. Random number table 

. pH, temperature, DO and conductivity meter 
Stadia rod and hand level/ clinometer 
Densiometer/ Solar Pathfinder 

. GPS unit or watershed topographic map 

Point Source Sampling Design 
There will be discemable perturbations, impacting stmctures or discharges into the stream with 
point sources of pollution. The sampling units will be individual riffles within the affected 
section of stream and an upstream unaffected section. At least one riffle in the unaffected 
section should be sampled and one or more riffles in the affected section depending on the 
amount of detail that is required on downstream recovery. The riffles used for sampling BMis 
should have relatively similar gradient, substrate and physical/habitat characteristics and 
quality.One sample will be collected from 3 randomly chosen transects in each riffle. 
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Use the following step-by-step procedures for collecting BMis using the point source sampling 
design: 

Step 1. Place the measuring tape along the bank ofthe entire riffle while being careful not to 
walk in the stream. Each meter or 3 foot mark represents a possible transect location. Select 3 
transects from all possible meter marks along the measuring tape using a random number table. 
Walk to the lowest transect before proceeding to Step 2. 

Step 2. Inspect the transect before collecting BMis by imagining a line going from one bank to 
the other, perpendicular to the flow. Choose 3 locations along that line where you will place 
your net to collect BMis. If the substrate is fairly similar and there is no structure along the 
transect, the 3 locations will be on the side margins and the center of the stream. If there is 
substrate and structure complexity along the transect, then as much as possible, select the 3 
collections to reflect it. 

Step 3. After mentally locating the 3 areas, collect BMis by placing the D-shaped kick net on 
the substrate and disturbing a 1 x2 foot portion of substrate upstream of the kick-net to 
approximately 4-6 inches in depth. Pick-up and scrub large rocks by hand under water in front 
of the net. Maintain a consistent sampling effort (approximately 1-3 minutes) at each site. 
Combine the 3 collections within the kick-net to make one composite sample. 

Step 4. Place the contents of the kick-net in a standard size 35 sieve (0.5 mm mesh) or white 
enan1eled tray. Remove the larger twigs, leaves and rocks by hand after carefully inspecting for 
clinging organisms. If the pan is used, place the material through the sieve to remove the water 
before placing the material in the jar. Place the sampled material 
and label (see below) in ajar and completely fill with 95% ethanol. Never fill ajar more than 
2/3 full with sampled material and gently agitate jars that contain primarily mud or sand. 

Bioassessment Sample Label 
County: ____ _ 
Stream Name: ------
Site Code/Locality: _______ _ 
Date/ Time: -----------------
Sample by: -----,-------

Step 5. Proceeding upstream, repeat Steps 2 through 4 for the next two randomly chosen 
transects within the riffle. 

Non-point Source Sampling Design 
There will be no obvious perturbations or discharges into the stream with non-point sources of 
pollution. This sampling design is appropriate for assessing an entire stream or large section of 
stream. The sampling units will be riffles within a reach of stream. The stream reach must 
contain at least 5 riffles within the same stream order and relative gradient. One sample will be 
collected from the upstream third of 3 randomly chosen riffles. 

Use the following step-by-step procedures for collectingBMis using the non-point source sampling design: 
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Step 1. Randomly choose 3 of the 5 riffles within the stream reach using the random number 
table. 

Step 2. Starting with the downstream riffle, place the measuring tape along the bank of the 
entire riffle while being careful not to walk in the stream. Select 1 transect from all possible 
meter marks along the top third of the riffle using a random number table. 

Step 3. (See Point Source Sampling Design Step 2) 

Step 4. (See Point Source Sampling Design Step 3) 

Step 5. (See Point Source Sampling Design Step 4) 

Step 6. Proceeding upstream, Repeat Steps 2 through 5 for the next two riffles within the 
stream reach. 

Sampling Design for Assessing Ambient Biological Conditions 
Assessment of ambient biological condition utilizes both the point and non-point source 
sampling designs to cover an entire watershed or larger regional area. Ambient bioassessment 
programs are used to evaluate the biological and physical integrity of targeted inland surface 
waters. Stream reaches should be established in the upper, middle and lower portions of each 
watershed and above and below areas of particular interest. Quite often bioassessment is 
incorporated into an existing chemical or toxicological sampling design. In most cases, the 
water quality information is being collected at a particular point on the stream. Although there 
will be the tendency to use the point source 
design, try to convert to a non-point reach design for biological sampling. 

Measuring Chemical and Physical/Habitat Quality 
Measurements of chemical and physical/habitat characteristics are used to describe the riffle 
environment and help water resource specialists interpret BMI data. The information can be 
used to classify stream reaches and to explain anomalies that might occur in the data. 

The physical/habitat scoring criteria are based on the EPA's nationally standardized methods. 
They are used to measure the physical integrity of a stream, and can be a stand-alone evaluation 
or used in conjunction with a bioassessment sampling event. DFG recommends that this 
procedure be conducted on every reach of stream sampled as part of a bioassessment program. 
Fill out the Physical/Habitat Quality Form (see attached) for the entire reach where BMI 
samples are collected as part of a non-point source sampling design. Some of the parameters do 
not apply to a single riffle, so this procedure is usually not performed as part of the point source 
sampling design. This procedure is an effective measure of a stream=s physical/habitat quality, 
but requires field training prior to using it and implementation of quality assurance measures 
tlu·oughout the field season. A detailed description of the scoring criteria is provided at the end 
of this document. 
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A Physical/Habitat Quality Form should be filled out for each individual riffle when following 
the Point Source Sampling Design and for the entire reach when using the Non-point Sampling 
Design. Use the following step-by-step procedures for filling out the form: 

Step 1. At the top of the form, enter basic information about the sampling event. This includes 
watershed and stream name, site code (if available) date and time of sample collection, name of 
the company or agency collecting the samples, names of each crew member, latitude and 
longitude and elevation. 

Step 2. Record the water temperature, specific conductance, pH and dissolved oxygen 
measurements in the appropriate place. These measurements should be taken using 
standardized methods and approved equipment (see above). 

Step 3. Estimate or measure the entire length of the reach where the three riffles were chosen as · 
part of the non-point source sampling design. For point-source sampling, estimate or measure 
the length ofthe riffle sampled. 

Step 4. For each riffle: 
• Measure the riffle velocity and depth using a flow meter placed in front of the 
three locations along the transect(s) where the BMI samples were collected. 
Average the readings. 
• Estimate the percent ofthe riffle surface that is covered by shade from. 
streamside vegetation (canopy cover) using a densiometer at several places 
along the riffle. Average the readings. 
• Measure the length and width of each of the three riffles. If width is not 
uniform, take several measurements and average them. 
• Visually estimate the percent of riffle in each ofthe following substrate 
categories: fines (<0.1"), gravel (0.1-2"), cobble (2-10"), boulder (>10") and 
bedrock (solid). Use the entire riffle to assess this parameter and make note if 
the area along the transect(s) is considerable different from the rest of the riffle. 
• Estimate substrate consolidation by kicking the substrate with the heel of your 
wader boots to note whether it is loosely, moderately or tightly cemented. The 
estimate should take into consideration the hands-on experience obtained from 
collecting the BMI sample. 
• Dete1mine substrate complexity and embeddedness within the riffle 
(Parameters 1 and 2, respectively, from the Habitat Parameter Guidelines). Use 
the entire riffle to assess these parameters, and make note if the area along the 
transect( s) is considerably different from the rest of the riffle. 
• Measure the gradient or slope of the riffle using a stadia rod and a hand level 
or a clinometer. 

Step 5. For the entire reach: 
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• Using the Habitat Parameter Guidelines (see attached), estimate items 1-10 on the 
Physical Habitat Form (epifaunal substrate, embeddedness, etc.) Note that items 8-10 
require a separate estimate for each bank. 
• Draw a map of the· reach indicating location of the riffles and any access points on the 
back of the Physical Habitat Quality Fonn. 
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SAMPLE HANDLING AND CUSTODY REQUIREMENTS 

Sample Log-in Procedures: Initial ABL Sample Handling and Chain of Custody (COC) Form: 
Each set of samples submitted to the Aquatic Bioassessment Laboratory must be accompanied 
by a complete COC form (see attached). In most cases samples are collected by ABL staff, but 
we occasionally receive samples collected by other agencies. Procedures for generating a COC 
under either circumstance are listed below. 

SAMPLES COLLECTED BY ABL STAFF 

When samples arrive at the ABL the first priority is to log the samples into the electronic ABL 
Sample Inventory Database (CAL EDAS). The information entered into this database is then 
used to generate a COC form. Theinvent6ry log contains the following information: 

1. The project name and the watershed name. 
2. Complete locality information for each sample, including county 

where sampling occurred, site description (e.g., Pine Creek at Centerville 
Road), transect information, sampling date and name of collector. 

3. Date and time samples arrived at the ABL. 
4. Total number of samples (and total number of jars if different from total 

. samples due to single samples occupying more than one jar). 
5. Sample ID numbers ("ML numbers"). These are assigned to each 

sample during the log in procedure. 
6. (Optional) Site descriptions for each individual sample (the site 

description is an abbreviated code derived from the original sampling 
location; for example, Santa Margarita at Camp Pendleton= SMR-CP). 

All samples from a given project are logged in at once so that the ABL numbers 
generated for that project are consecutive. When more than one watershed is 
sampled in a project, all samples from each watershed should be grouped so that 
ABL numbers are consecutive within watersheds. It is desirable to have samples 
within a watershed logged in according to elevation so that upstream sites 
receive the lowest numbers in a series. 

Once all samples have been logged into the ABL Sample Inventory Database, the 
sample information is printed as a COC using the Access report function. The 
COC is signed by one of the ABL staff members. Following completion ofthe 
COC form, the appropriate ML number is affixed to each sample container. 
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SAMPLES COLLECTED BY OTHER AGENCIES 

Samples delivered form other agencies must be accompanied by a COC form at 
the time of delivery (note: a page of instructions for agencies that want to submit 

. samples is attached), and must contain the following infonnation 
in addition to that listed above: 

1. The name of the agency that completed the original sampling, the name 
ofthat agencies' project advisor, the name of at least one crew member 
that pmiicipated in sampling, m1d address/telephone numbers for 
both. 

2. A list of sample ID numbers (if ID numbers have been assigned by the 
originating agency; otherwise, ID numbers are assigned to each sample 
during sample log in. 

Upon transfer of samples, the presence of each sample listed on the COC form is verified by 
ABL staff. After verification the relinquisher signs and dates that portion of the COC form 
titled "Relinquished by", and the ABL lab teclmician signs and dates the section titled 
"Received by" to complete this stage of the COC procedure. 

All COC fmn1s are kept in a clearly marked file folder in the general files of the ABL. Three 
separate COC files have been established as follows: · 

1 .QA-QC projects 
2. Enforcement cases 
3. All other standard bioassessment projects. 

At all times the original COC will accompany the samples. Once subsampling has been 
completed, the original COC accompanies the subsampled macroinvertebrates, and a 
photocopy of the COC will remain with the original samples and subsampling remnants. Any 
time a sample or set of samples is removed from the lab for any reason, the transfer is noted on 
the appropriate COC, including the date and personal responsible for transfer. 

A-16 

A009946 



CALIFORNIA DEPARTMENT OF FISH AND GAME 
WATER POLLUTION CONTROL LABORATORY 

AQUATIC BIOASSESSMENT LABORATORY 
REVISION DATE- January 15, 2002. 

ANALYTICAL METHODS REQUIREMENTS 

Subsampling 

Find the sample identification label on the sample jar lid and confinn that. 
it matches the sample description label inside the jar and the infonnation recorded in the 
Macroinvertebrate Sample Inventory Log. Keep track of the location information, as it will be 

. duplicated and used repeatedly in all subsequent steps, and therefore must be accurate. 

Place a 2000 ml glass beaker beneath a #35 standard sieve (0.5 rnm mesh). 
Pour contents of sample jar into sieve. Be aware that there may be more than one jar for a 
sample. Rinse any excess material from sample jar into sieve with tap water. Record the 
approximate volume of waste alcohol produced during the day on the "Evaporation Pond 
Chemical Disposal" fonn. The waste alcohol is dumped down the sink drain and collects in an 
evaporation pond. After disposing waste alcohol rinse the sink with tap water to flush the 
alcohol completely. 

Rinse sample in sieve with tap water to remove fine particles (<0.5rnm). 
Positioning an enamel tray under the sieve during the washing process serves two functions: (1) 
it allows the lab tecln1ician to determine when the sample is adequately rinsed of fine sediment 
and (2) organic detritus can be teased apart and more easily distributed throughout the sample if 
the sieve is placed into a tray full of water, thereby suspending such material. The stage of 
rinsing should be done carefully so damage to organisms is minimized. 

After rinsing sample with water, inspect any large rocks (gravel size) or 
large leaves that have not begun to decompose for attached invertebrates. Clinging 
inveliebrates should be removed and placed in the sieve, after which these larger materials can 
be placed in a "remnant jar" (see below). Decayed leaves and twigs are1eft in the sieve and 
should be carefully inspected for invertebrates with the aid of a stereo microscope during 
subsampling (see below). Drain excess water from the sieve. 

Transfer the contents of the sieve to a subdivided 8" X 10" tray (the tray should be subdivided 
2 

into twenty 25cm squares and numbered so each square can be identified). One technique for 
transfer is to first quickly invert the sieve over the tray and tap on the sieve to dislodge the 
material. Then concentrate any sample that remains in the sieve into one portion at one end of 
the sieve with tap water. This poliion may then be rinsed into the tray with small portions of 
70% ethanol/3% glycerol solution. Inspect the sieve for attached invertebrates and transfer 
any that are found to the tray with the rest of the material. 

While being careful not to damage organisms, distribute the sample evenly throughout the tra:y 
so that different material types are disper~ed homogeneously. This step is critical to a good 
subsample, so take several minutes to do it right! 

Add enough -70% ethanol/3% glycerol solution to the sample so that tray 

A-17 

A00994r 

i. 



CALIFORNIA DEPARTMENT OF FISH AND GAME 
WATER POLLUTION CONTROL LABORATORY 

AQUATIC BIOASSESSMENT LABORATORY 
REVISION DATE- January 15, 2002. 

contents are wetted but not completely submerged. Do not overfill the tray because organisms 
tend to float to other grids. 

Randomly select at least 5 numbers from 1 to 20 using a random number 
table, or use some other random number generator. Record these pumbers on the ABL 
Subsampling Worksheet (see attached). These numbers define which grids in the grid tray you 
will actually sample from. 

To begin, divide the material from within the first randomly chos.en grid into quarter grids. 
Quarter grids are made by carefully cutting through or teasing the sample apart diagonally with 
a one-sided razor blade. Transfer the contents of the first quarter grid to a petri dish using the 
razor blade. 

With the aid of a stereo microscope at a minimum of 10 X magnification, transfer invertebrates 
from the petri dish to a screw top 25 ml glass vial containing 70% ethanol/ 3% glycerol. This 
vial should include a proper locality label. The label includes the state, county, sampling site 
(i.e., name of stream or lake and the point at which it was sampled), replicate# (e.g., T1 ), date 
collected, ML number, and field collector initials (see below for additional notes about labels). 
This label is used in all subsequent handling of the samples. 

Count the number of invertebrates removed from the tray with an auto- counter. If you suspect 
a counting error, recount. Note: remove macroinvertebrates from the petri dish in a consistent, 
unifonn mmmer. Process grids from left to right, top to bottom, and do not remove larger 
invertebrates first. 

Grids are processed until 300 invertebrates are obtained. It is important to subsample from at 
least three different grids in the grid tray. If the first quarter grid contains over 100 organisms, 
then EIGHTH GRIDS should be used thereafter. Ifbetween 50 and 100 organisms are 
encountered in the first quarter grid, then continue to use quarter grids until 300 organisms have 
been picked. If very few organisms are encountered in the first quarter grid (e.g., 20 or less), 
then half grids or even whole grids should be used. Remember, the key is to sample from at 
least tlu·ee different grids. Obviously samples with high numbers of organisms will require 
subsampling from fewer total grids before 300 organisms are picked. Always decide which side 
of the grid you will process before subsampling and be consistent with each grid. 

When 300 organisms are obtained before the last grid is completely 
processed, the remaining organisms in the grid are totaled and transferred to a separate vial 
with a location label and a label identifying them as "extra qugs''. These "extra bugs" are used 
in the abundance calculations, but are not identified. Record the nlimber of invertebrates 
removed from each grid on the ABL Subsampling Worksheet. 
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The following must not be included in the invertebrate count and should 
be placed in the remnant container (if there is any doubt about what to include, consult with a 
taxonomist): 

1) organisms that were dead before sampling (these can be recognized by 

their generally decayed "husk-like" and frail appearance, and will often lack one or 
more body parts). 
2) exuviae 
3) organisms with incomplete bodies (a head, thorax and most of the 
abdomen should be present) 
4) terrestrial invertebrates 
5) semi-aquatic insects including Collembola and surface hemipterans 

CA: Tehama Co. 
10/19/99 
Dry Creek at Stewart Rd. 
ML# 3519 Tl 
Coll. MD,CS 

6)- v1orm fragments - this may depend on· t-he proJect. If oligochaetes are to 
be identified to family, only heads should be counted, or count heads 
and tails and divide by two. · 

7) empty shells and cases (e.g., gastropods, ostracods, clams, caddisflies, 
chironomids) 

Place the residual material from the processed grids into a separate half 
pint or pint size mason jar. Include a location label. This processed residue is considered the 
remnant material ofthe sample. Affix a label to the outside of the 
remnant jar that includes the ML #and description: "Remnant". The remainder of the original 
sample material that is left over in the subdivided tray is placed in a half pint or pint size mason 
jar and labeled as "original". Again, make sure there is a location label inside the mason jar 
and the outside of the jar is labeled with the correct ML #and desqription: "original". 

Estimated abundance calculation - The information from the subsampling 
procedure is recorded on the ABL Subsampling Worksheet. Record the following: 

1) date 
2) actual time required to pick sample (not elapsed time) 
3) total number of invertebrates recovered (include extra bugs) 
4) number of grids possible on 20 grid subdivided tray (N.B.- the number of grids 
possible may differ from 20 for various reasons. For example, not enough sample 
may be present to cover the entire bottom of the tray, or if quarter grids are 
processed out of twenty full grids, then a total of 80 grids are possible. 

Example: #whole grids X 1 = 
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# half grids X 0.5 = TOTAL GRIDS PROCESSED 
#quarter grids X 0.25 = 

5) the number and size of grids processed (full, half, quarter, etc.) on the 20 grid 
subdivided tray. 

Sorting Procedure 

Transfer the contents of a picked sample vial containing 300 organisms 
into a petri dish. Sort the invertebrates into taxonomic groups (usually to order for insects, but 
the taxonomic rank to which various non-insect groups are sorted varies). The major groups 
are listed on the sorting worksheet. One easy way is to remove all specimens of the most 
common taxon, then move 'on to the next most common taxon, etc. Place each different taxon 
in a 1 dram shell vial with 70% ethanol/ 3% glycerol solution; include a correct location and 
taxon label. This step should be done carefully so that taxa are not mixed. If any invertebrates 
are encountered that match descriptions above, discard them and record the number discarded 
on the sorting worksheet. 

All vials containing ~orted taxa from a given site should be bundled together for identification. 
' . 

Identification 

Specimens are identified to the lowest possible taxonomic rank using appropriate taxonomic 
keys (see CAMLnet document titled "List of California Macroinvertebrate Taxa and Standard 
Taxonomic Effort"). The number of specimens in each taxon (usually genus for insects) is 
counted with a laboratory counter, and the results are recorded directly into a computer file 

© 

(Califomia EDAS, a Microsoft Access database). If any specimens are discarded (see reasons 
for discarding specimens above), the number of discards should be recorded per sample on an 
ABL discard worksheet (see attached). 

Each taxon (e.g., genus) within a sample is placed in a separate vial containing a locality label 
and a taxonomic identification label that includes order, family, genus, number of specimens, 
and name of taxonomist (see below). Coleopteran larvae and adults are placed in separate vials 
and recorded separately into CAL EDAS. An organism that ca1mot be identified to standard 
taxonomic rank should be recorded as "Undetermined" to the rank of family, order, etc. 
Identified samples are placed in the WPCL Sample Repositor:y. 

Organism Recovery - During the sorting and identification process organisms may be lost, 
miscounted or discarded. Taxonomists will record the number of organisms discarded and a 
justification for discarding on the laboratory benchsheets. Organisms may be discarded for 
several reasons including: 1) subsampler mistakes (e.g. inclusion of terrestrial or semi-aquatic 
organisms or exuviae), 2) small size(< 0.5 mm), 3) poor condition or 4) fragments of 
organisms. The number of organisms recovered at the end of sample processing will also be 
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recorded and a percent recovery determined for all samples. Concern is warranted when 
organism recoveries fall below 90%. Samples with recoveries below 90% should be checked 
for counting errors and laboratory benchsheets should be checked to determine the number of 
discarded organisms. If the number of discarded organisms is high, then the technician that 
performed the subsampling should be informed and re-trained if necessary. 

Metrics: The ABL uses a combination of basic descriptive statistics, often referred to as 
biological metrics, in combination with physical habitat and water chemistry data, to assess the 
biological integrity ofBMI communities. The following table lists the metrics used to describe 
these communities. Also listed is the expected response of the various measures to impairment: 

BMI Metric 

Richness Measures 

Taxa Richness 

EPTTaxa 

Composition Measures 

EPT Index 

Sensitive EPT Index 

Shannon 
Diversity Index 

Description 

Total number of individual taxa 

Number of taxa in the Ephemeroptera (mayfly), Plecoptera (stonefly) and 
Trichoptera ( caddisfly) insect orders 

Percent composition of mayfly, stonefly ahd caddisfly larvae 

Percent composition of mayfly, stonefly and caddisfly larvae with tolerance 
values between 0 and 3 

General measure of sample diversity that incorporates richness and evenness 
(Shannon and Weaver 1963) · 

Tolerance/lntolerance Measures 

Tolerance Value 

Percent Dominant 
Taxa 

Percent Intolerant 
Organisms 

Percent Tolerant 
Organisms 

Value between 0 and I 0 weighted for abundance of individuals designated as 
pollution tolerant (higher values) or intolerant (lower values) 

Percent composition of the single most abundant taxon 

Percent of organisms in sample that are highly intolerant to impairment as 
indicated by a tolerance value. of 0, 1 or 2 

Percent of organisms in sample that are highly tolerant to impairment as 
indicated by a tolerance value of 8, 9 or I 0 

Functional Feeding Groups (FFG) 

Percent Collectors Percent of macrobenthos that collect or gather fine particulate matter 

Percent Filterers Percent of macrobenthos that filter fine particulate matter 

Percent Grazers Percent of macrobenthos that graze upon periphyton 
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Percent Predators Percent of macrobenthos that feed on other organisms 

Percent Shredders Percent of macrobenthos that shreds coarse particulate matter 

Abundance 

Estimated Abundance Estimated number ofmacroinvertebrates in sample calculated by 
extrapolating from the proportion of organisms counted in the subsample 

variable 

decrease 

variable 

Reference Collection: A taxonomic reference collection has been established for use in 
identification of invertebrates. Reference specimens ofmost taxa are currently available. 
Specimens of newly encountered taxa should be added whenever possible. When a new taxon 
is identified, the specimen(s) should be pulled from the bulk samples, labeled and placed in the 
reference cabinet. The taxon will be entered into CAL EDAS as usual, and it will be indicated 
that those specimens have been placed in the reference collection. 

Labels 

Locality Labels: The standard format for location labels is outlined above. 
This fonnat is nsed for labeling all vials that contain specimens identified to lowest taxonomic 
rank. In some cases, the full name of the sampling site may be too lengthy to fit on a label of 
appropriate width. In such cases, the abbreviated site description may replace the full site 
name. For example: 

Labels are created in Word Perfect. Current labels are stored on the networked lab computers 
under C: My Documents/Labels. For consistency use the following setup: 
From the Word Perfect menu select "Format" "Columns" 
In the "Number of Columns" box enter "5" 
In the "Space Between" box enter "0.1 00" 
This set up, with a font size of 6, will work for most location labels. 

For any given project, it is the responsibility of the person(s) picking the samples to make a 
batch of labels for that project. Each site within a project has a corresponding column·oflabels. 
Labels should be kept in a common-access computer file so that all lab perso1111el have access 
to them at all times. 
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Taxa Labels: In addition to a locality label, each vial of specimens identified to lowest 
taxonomic rank contains an identification label. The label can be hand-written or pre-printed 
depending on the preference of the taxonomist. The following is an example of a pre-printed 
label: 

The number of organisms contained in the vial should be hand-written on the label by the taxonomist. 

Sample Storage 

Original San1ple 
After a BMI sample has been subsampled the remaining sample is 
returned to a mason jar with its label, and is kept in storage at the Chico State Lab Facility. The 
original sample jars are stored in large plastic containers, each of which has a unique number. 
A storage log has been established that lists the contents of each numbered container so that 
original samples may be easily recovered. 

EPHEMEROPTERA 
Ephemerellidae 
Attenella sp. 
det. D. Post 

CA Tehama Co. Tl 
Dry Creek DC-SR 
ML-3519 M.D., C.S. 10/19/99 

CA Tehama Co. T1 
Dry Creek at Stewart Rd. 
ML-3519 M.D., C.S. 10119/99 

/ 

Original samples are kept until the contracting agency has received the final bioassessment 
report as specified by an existing contract. Once the final report is delivered, the original 
samples are returned to the contracting agency at their expense. If the contracting agency does 
not want the samples, they are disposed of as hazardous waste at the expense of the contractor. 

Subsample Remnants 
Remnants from the subsampling process are stored only until remnant QC 
procedures have been completed (see below), after which the subsampled remants may be 
discarded. 
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The CSBP is designed to produce consistent, random samples ofBMis. It is important to 
prevent bias in riffle choice and transect placement. The following procedures will help field 
crews collect unbiased and consistent BMI samples: 

1. In using the CSBP, most sampling reaches should contain Iiffles that are at least 10 meters 
long, one meter wide and have a homogenous gravel/cobble substrate with swift water velocity. 
There are approved modifications of the CSBP when these conditions do not exist. Contact 
DFG or visit the California Aquatic Bioassessment Web Site for methods to sample nan·ow 
streams, wadeable streams with muddy bottoms and channelized streams. 

2. A DFG biologists or project supervisor should train field crews in the use of the BMI 
sampling procedures described in the CSBP. Field personnel should review the CSBPs before 
each field season. 

3. During the training, crew members should practice collecting BMI samples as described in 
2 

the CSBP. The 2ft area upstream of the sampling device should be delineated using the 
measuring tape or a metal grid and the collection effort should be timed. Practice repeatedly 
until each crew member has demonstrated sampling consistency. Throughout the sampling 
season, assure that effort and sampling area remain consistent by timing sampling effort and 
measuring sampled area for approximately 20% of the sampling events. The results should be 
discussed i1mnediately and need not be reported. 

QA for Measuring Physical/Habitat Quality 
Physical/habitat parameters are assessed using a ranking system ranging from optimal to poor 
condition. This rapid ranking system relies on visual evaluation and is inherently subjective. 
The following procedures will help to standardize individual observations to reduce differences 
m scores: 

. 1. A DFG biologist or a project supervisor should train field crews in the use of the EPA 
physical/habitat assessment procedures. Field personnel should review these procedures before 
each field season. 

2. At the beginning of each field season, all crew members should conduct a physical/habitat 
assessment of two practice stream reaches. Assess the first stream reach as a team and discuss 
in detail each of the 10 physical/habitat parameters described in the EPA procedure. Assess the 
second stream reach individually and when members are 
finished, discuss the 10 parameters and resolve discrepancies. 

3.Crews or individuals assessing physical/habitat quality should frequently mix personnel or 
alternate assessment responsibilities. At the end of each field day, crew members should 
discuss habitat assessment results and resolve discrepa!].cies. 
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4. The Project Supervisor should randomly pre-select 10 - 20% of the stream reaches where 
each crew member will be asked to assess the physical/habitat parameters separately. The 
discrepancies in individual crew member scores should be discussed and resolved with the 
Project Supervisor. 

Analytical Quality Control 
Internal QC is conducted by ABL taxonomists on samples that have been processed by the 
ABL itself. Internal QC procedures target two specific stages of sample processing: the 
subsampling ("picking") stage and the identification stage. 

Subsampling QA (Remnant Evaluation): Ten percent of the remnant 
samples from every project are examined by a QC taxonomist for organisms that may have 
been overlooked during sub sampling. The number of unpicked BMI' s (if any) and their 
identity is recorded in the ABL Quality Control Worksheet. For subsamples containing 300 or 
more organisms, the remnant sample should contain fewer than 10% of the total organisms 
subsampled. The remnant should contain fewer than 30 organisms for samples containing 
fewer than 300 organisms. IF these criteria are not met, then corrective action is initiated. For 
example, student pickers are currently paid on a per sample basis, which means that they earn 
more per hour if they process samples quickly. Error rates greater than 10% result in a student 
earning minimum wage for the time spent processing that sample (or samples),. 

Internal Taxonomic Identification QA: Taxonomic identifications are evaluated by the ABL's 
QC taxonomist with the goal of checking the accuracy and consistency of individual 
taxonomists. Ten percent of the samples from any given project are randomly selected and 
then checked for taxonomic accuracy. All taxa from each of the randomly selected samples are 
re-identified by the QC taxonomist, and the number of specimens in each vial is re-checked. 
Any errors in taxonomy, including misidentification, multiple taxa per vial, counting error and 
deviation from standard taxonomic effort are recorded in spreadsheet form, and then are 

© 

analyzed with QC MANAGER, an ACCESS program that summarizes the types of 
discrepancy and their frequencies. If a taxonomist is discovered to consistently misidentify a 
pa1iicular taxon, that person will receive instruction from the QC taxonomist about how to 
properly identif'y specimens in that group, and all future ID's involving that taxon will be 
checked until the problem is resolved. 

External Quality Control 
The ABL has the option of sending all processed samples to an independently contracted lab 
for external QNQC of identified specimens. When external QC is performed, 10 percent of all 
samples are evaluated for taxonomic accuracy and accuracy of specimen counts. 

Contract QA 
The ABL is sometimes contracted to perform external QA/QC for other independent labs. The 
protocol outlined above, where 10% of total samples are evaluated for accuracy of taxonomic 
identifications and specimen counts, is generally followed. QC identifications and counts are 
compared with the original identifications, any discrepancies are checked to verify that the 
ABL is not responsible for the error, and a final report is sent to the contracting agency. 

A-25 

A~0S9:;!:$ 



CALIFORNIA DEPARTMENT OF FISH AND GAME 
WATER POLLUTION CONTROL LABORATORY 

AQUATIC BIOASSESSMENT LABORATORY 
REVISION DATE- January 15, 2002. 

INSTRUMENT/EQUIPMENT TESTING, INSPECTION AND MAINTENANCE 
REQUIREMENTS 

The following field equipment and inspection schedule is required for biological sampling: 

Equipment Item 
D-shaped Kick Net (0.5mm mesh) 
Standard Size 35 Sieve (0.5 mm) 
Wide-mouth Plastic Jars 
Measuring Tap~ (100 meter) 
Pencils/Pennanent Markers 
Flagging 
Forceps 
Water-proof Paper 
Gridded White Enameled Pan 
YSI 85 
pH Meter 
Thermometer 
Flow Meter 
GPS Unit 
Digital Camera 
Stadia Rod 

Inspection Schedule 
Each sampling event 
Each sampling event 
Each sampling event 
Each sampling event 
Each sampling event 
Each sampling event 
Each sampling event 
Each sampling event 
Each sampling event 
Each sampling event 
Each sampling event 
Each sampling event 
Each sampling event 
Each sampling event 
Each sampling event 
Each sampling event 
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INSTRUMENT CALIBRATION AND FREQUENCY 

The primary field instruments that require regular calibration are the VWR brand pHastchek 
Pocket ph Meter and the YSI Model 85 (Oxygen, Conductivity, Salinity, and Temperature 
System). The pH meter used in field surveys involves a two point calibration (pH 7.0 and 
10. 0), and the YSI Model 85 requires calibration for conductivity against standard solutions 
( 1000 microsiemens +/- 1% at 25 degrees C). and for Dissolved Oxygen on a per use basis. 
These instruments are calibrated at the begilll1ing of each field season, and at 2-3 week intervals 
thereafter. Prior to taking measurements with these instruments in the field, they are allowed to 
equilibrate for 15 minutes. Note: the YSI must be calibrated for Dissolved Oxygen before each 
use if elevation changes significantly between sampling sites. 
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The EPA is developing procedures for multivariate analysis of bioassessment data, but that 
method is not presented here. However, the sampling protocols presented in this document 
were designed to facilitate the use of multivariate analysis, and more infom1ation will be 
presented when standardizes techniques for California become available. 

A taxonomic list of the BMis identified for each sample should be generated for each project 
along with a table of sample values and means for the biological metrics listed on the last page 
of this document. Variability ofthe sample values should be expressed as the coefficient of 
variability (CV). Significance testing can be used for point source sampling programs, and 
ranking procedures can be used to compare sites sampled using the non-point sampling design 
(contact DFG for infonnation on ranking formulas). 

Starting in summer 2001, an Access? database program to store, process and retum a copy of 
the collected data will be available. Contact DFG or visit the Califomia Aquatic Bioassessment 
Web Site at http://www.dfg.ca.gov/cabw/cabw/csbp.html to leam more about the availability 
of regional IBI's and the database program. 
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Project Name: 
Stream Name: 

Site Code: 

GPS Latitude: 0 N 

GPS Longitude: ow 

California Department of Fish and Gah1e 

) 
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AQUATIC BIOASSESSMENT LABORATORY 
REVISION DATE- January i 5, 2002. 

WATER POLLUTION CONTROL LABORATORY 

Aquatic Bioassessment Laboratory 

CSBP Stream Habitat Characterization Form 
Date: 
Time: 

Crew Members 

SECTION I. REACH-WIDE PHYSICAL HABITAT SCORES (scores are based on overall reach characteristics and range between 0-20. 
guide for detailed scoring guidelines) 

See EPA's RBP habitat scoring 

HABITAT MEASURE SCORE COMMENTS 

Epifaunal Substrate 

Embeddedness 

Velocity/ Depth Regimes 
Sediment Deposition 
Channel Flow 
Channel Alteration 

Riffle Frequency 

Bank Vegetation 

Bank Stability 

Riparian Zone 

Left Bank 

Left Bank 

Left Bank 

Right Bank 

Right Bank 

Right Bank 
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SECTION 2. TRANSECT-SCALE PHYSICAL HABITAT CHARACTERISTICS (measures relate to individual riffles or transects from which each replicate sample 
is taken) 

Average Depth 
(em) 

Average 
Velocity (m/s) 

Riffle 
Embededness 
(0-20 scale) 
Substrate 
Consolidation 
(low, med, high) 

T1 T2 T3 
Riffle 
Length (m) 

Riffle 
Width 
(m) 
Canopy 
Cover 
(%) 

Riffle Gradient (this should be recorded as% 
slope (rise/ run), 
not degrees of slope or inches of drop) 

T1 

Substrate 
Complexity 
(0-20 scale) 

SECTION 3. CHEMICAL CHARACTERISTICS (one record per site) 

Specific Conductance 
(!-lmhos/cm@25°C) 
Water Temperature 
(OC) 

DO (mg/L) 

pH 

Salinity (ppt) 

Alkalinity 

·o 

T2 

Boulder 
(>10") 

T3 
Substrate 
Composition 
(percentage 
composition 
measured along 
transect) 
Gravel 
(0.1-2") 

Cobble 
(2-10") 

Bedrock 
(solid) 

Tl T2 T3 
Fines 
(<0.1") 

SECTION 4. REACH PHYSICAL CHARACTERISTICS 

Reach Length (m) 

Photo Exposures 



Habitat 
Parameter 

1. Epifaunal 
Substrate/ 
Available Cover 

SCORE 

2a. 
Embeddedness 

SCORE 

2b. Pool 
Substrate 
Characterization 

SCORE 

3a. Velocity/ 
Depth Regimes 

SCORE 

3b. Pool 
Variability 

SCORE 

Optimal Optimal 

0 

Greater than 70% (50% 
for low gradient streams) 
of substrate favorable for 
epifaunal colonization and 
fish cover; most favorable 
is a mix of a-nags, 
submerged logs, undercut 
banks, cobble or other 
stable habitat and at stage 
to allow full colonization 
potential (i.e., logs/snags 
that are not new fall and 
not transient). 

20 19 18 17 16 

Gravel, cobble, and 
boulder particles are 0-
25% surrounded by fine 
sediment. Layering of 
cobble provides diversity 
of niche space. 

20 19 18 17 16 

Mixture of substrate 
materials, with gravel and 
firrn sand prevalent; root 
mats and submerged 
vegetation common. 

20 19 18 17 16 

All four velocity/depth 
regimes present (slow
deep, slow-shallow, fast
deep, fast-sha11ow). 

20 19 18 17 16 

Even mix of Jarge
sha11ow, large-deep, small
sha11ow, sma11- deep pools 
present. 

20 19 18 17 16 
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Category 

Category 

Suboptimal 
Suboptimal 

40-70% (30-50% for low 
gradient streams) mix of 
stable habitat; well-suited 
for full colonization 
potential; adequate habitat 
.for maintenance of 
populations; presence of 
additional substrate in the 
form ofnewfall, but not yet 
prepared for colonization 
(may rate at high end of 
scale). 

15 14 13 12 11 

Gravel, cobble, and 
boulder particles are 25-
50% surrounded by fine 
sediment. 

15 14 13 12 11 

Mixture of soft sand, mud, 
or clay; mud may be 
dominant; some root mats 
and submerged vegetation 
present. 

.15 14 13 12 11 

Only 3 of the 4 regimes 
present (if fast-shallow is 
missing, score lower than if 
missing other regimes). 

15 14 13 12 11 

Majority of pools large
deep; very few sha11ow. 

15 14 13 12 11 

A-31 

Marginal Marginal 

m 

20-40% (1 0-30% for 
low gradient streams) 
mix of stable habitat; 
habitat availability less 
than desirable; substrate 
frequently disturbed or 
removed. 

10 9 8 7 6 

Gravel, cobble, and 
boulder particles are 50-
7 5% surrounded by fine 
sediment. 

10 9 8 7 6 

A11 mud or clay or sand 
bottom; 1i ttle or no root 
mat; no submerged 
vegetation. 

10 9 8 7 6 

Only 2 of the 4 habitat 
regimes present (iffast
sha11ow or slow
sha11ow are missing, 
score low). 

10 9 8 7 6 

ShaH ow pools much 
more prevalent than 
deep pools. 

10 9 8 7 6 

Poor 

Less than 20% 
(10% for low 
gradient streams) 
stable habitat; lack 
of habitat is obvious; 
substrate unstable or 
Jacking. 

5 4 3 2 
0 

Gravel, cobble, and 
boulder particles are 
more than 75% 
surrounded by fine 
sediment. 

5 4 3 2 
0 

Hard-pan clay or 
bedrock; no root mat 
or submerged 
vegetation. 

5 4 3 2 
0 

Dominated by 1 
velocity/ depth 
regime (usually 
slow-deep). 

5 4 3 2 
0 

Majority of pools 
small- shallow or 
pools absent. 

5 4 3 2 
0 



4. S~;:diment 
Deposition 

SCORE 

5. Channel Flow 
Status 

SCORE 

6. Channel 
Alteration 

SCORE 

7a. Frequency of 
Riffles (or bends) 

SCORE 

7b. Channel 
Sinuosity 

SCORE 

Lillie or no enlargement 
of islands or point bars and 
less than 5% (<20% for 
low-gradient streams) of 
the bottom affected by 
sediment deposition. 

20 19 18 17 16 

Water reaches base of 
both lower banks, and 
minimal amount of 
channel substrate is 
exposed. 

20 I 9 18 17 16 

Channelization or 
dredging absent or 
minimal; stream with 
normal pattern. 

20 19 18 17 16 

Occu1Tence of riffles 
relatively frequent; ratio of 
distance between riffles 
divided by width of the 
stream <7:1 (generally 5 to 
7); variety of habitat is 
key. In streams where 
riffles are continuous, 
placement of boulders or 
other large, natural 
obstruction is important. 

20 I 9 18 17 16 

The bends in the stream 
increase the stream length 
3 to 4 times longer than if 
it was in a straight line. 
(Note- channel braiding is 
considered normal in 
coastal plains and other 
low-lying areas. This 
parameter is not easily 
rated in these areas. 

20 I 9 18 17 I 6 
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Some new increase in bar 
formation, mostly from 
gravel, sand or fine 
sediment; 5-30% (20-50% 
for low-gradient) of the 
bottom affected; slight 
deposition in pools. 

15 14 13 12 II 

Water fills >75% of the 
available channel; or <25% 
of channel substrate is 
exposed. 

15 14 13 12 II 

Some channelization 
present, usually in areas of 
bridge abutments; evidence 
of past channelization, i.e., 
dredging, (greater than past 
20 yr) may be present, but 
recent channelization is not 
present. 

15 14 13 12 II 

Occurrence of riffles 
infrequent; distance 
between riffles divided by 
the width of the stream is 
between 7 to 15. 

15 14 13 12 II 

The bends in the stream 
increase the stream length 2 
to 3 times longer than if it 
was in a straight line. 

15 14 13 12 II 
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Moderate deposition of 
new gravel, sand or fine 
sediment on old and 
new bars; 30-50% (50-
80% for low-gradient) 
of the bottom affected; 
sediment deposits at 
obstructions, 
constrictions, and 
bends; moderate 
deposition of pools 
prevalent. 

10 9 8 7 6 

Water fills 25-75% of 
the available channel, 
and/or riffle substrates 
are mostly exposed. 

10 9 8 7 6 

Channelization may be 
extensive; 
embankments or 
shoring structures 
present on both banks; 
and 40 to 80% of 
stream reach 
channelized and 
disrupted. 

10 9 8 7 6 

Occasional riffle or 
bend; bottom con(ours 
provide some habitat; 
distance between riffles 
divided by the width of 
the stream is between 
15 to 25. 

10 9 8 7 6 

The bends in the 
stream increase the 
stream length I to 2 
times longer than if it 
was in a straight line. 

10 9 8 7 6 

Heavy deposits of 
fine material, 
increased bar 
development; more 
than 50% (80% for 
low-gradient) of the 
bottom changing 
frequently; poOls 
almost absent due to 
substantial sediment 
deposition. 

5 4 3 2 
0 

Very little water in 
channel and mostly 
present as standing 
pools. 

5 4 3 2 
0 

Banks shored with 
gabion or cement; 
over 80% of the 
stream reach 
channelized and 
disrupted. lnstream 
habitat greatly 
altered or removed 
entirely. 

5 4 3 2 
0 

Generally all flat 
water or shallow 
riffles; poor habitat; 
distance between 
riffles divided by the 
width of the stream 
is a ratio of>25. 

5 4 3 2 
0 

Channel straight; 
waterway has been 
channelized for a 
long distance. 

5 4 3 2 
0 



8. Bank Stability 
(score each bank) 
Note: determine 
left of right side 
by facing 
downstream 

SCORE_(LB) 

SCORE_(RB) 

9. Vegetative 
Protection (score 
each bank) 
Note: determine 
left or right side 
by facing 
downstream. 

SCORE_(LB) 

SCORE_(RB) 

I 0. Riparian 
Vegetative Zone 
Width (score each 
bank riparian 
zone) 

SCORE_(LB) 

SCORE_(RB) 

Banks stable; evidence of 
erosion or bank failure 
absent or minimal; little 
potential for future 
problems. <5% of bank 
affected. 

Left Bank 10 9 

Right Bank I 0 9 

More than 90% of the 
streambank surfaces and 
immediate riparian zones 
covered by native 
vegetation, including trees, 
understory shrubs, or . 
nonwoody macrophytes; 
vegetative disruption 
through grazing or mowing 
minimal or not evident; 
almost all plants a!!'owed to 
grow naturally. 

Left Bank I 0 9 

Right Bank I 0 9 

Width of liparian zone 
> 18 meters; human 
activities (i.e., parking lots, 
roadbeds, clear-cuts, 
lawns, or crops) have not 
impacted zone. 

Left Bank I 0 9 

Right Bank I 0 9 
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Moderately stable; 
infrequent, small areas of 
erosion mostly healed over. 
5-30% of bank in reach has 
areas of erosion. 

8 7 6 

8 7 6 

70-90% of the streambank 
surfaces covered by native 
vegetation, but one class of 
plants is not well
represented; disruption 
evident but not affecting 
full plant growth potential 
to any great extent; more 
than one- half of the 
potential plant stubble 
height remaining. 

8 7 6 

8 7 6 

Width of riparian zone 12-
18 meters; human activities 
have impacted zone only 
minimally. 

8 7 6 

8 7 6 
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Moderately unstable; 
30-60% of bank in 
reach has areas of 
erosion; high erosion 
potential during floods. 

5 4 3 

5 4 3 

50-70% of the 
streambank surfaces 
covered by vegetation; 
disruption obvious; 
patches of bare soil or 
closely cropped 
vegetation common; 
less than one-half of the 
potential plant stubble 
height remaining. 

5 4 3 

5 4 3 

/.Width of riparian zone 
6-12 meters; human 
activities have impacted 
zone a great deal. 

5 4 3 

5 4 3 

Unstable; many 
eroded areas; "raw" 
areas frequent along 
straight sections and 
bends; obvious bank 
sloughing; 60-100% 
of bank has 
erosional scars. 

2 I 0 

2 0 

Less than 50% of 
the streambank 
surfaces covered by 
vegetation; 
disruption of 
streambank 
vegetation is very 
high; vegetation has 
been removed to 5 
centimeters or less 
in average stubble 
height. 

2 0 

2 

Width of riparian 
zane <6 meters: 
little or no riparian 
vegetation due to 
human activities. 

0 

2 0 

2 0 
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CHAIN OF CUSTODY RECORD 
DFG Aquatic Bioassessment Laboratory 

Sampling Agency: Project Name: 

Address/Phone of Project Supervisor: Crew Member:(Sign and Date) 

Sample# ABL #Date Col. Wat'erbody SiteLocation #ofJars 

Relinquished By: (Sign and Date) Received By: (Sign and Date) Sample Location 

Page __ of __ 
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Instructions for Submitting Benthic Samples to 
California Fish and Game 

Aquatic Bioassessment Lab 

All samples submitted to the Aquatic Bioassessment Lab (ABL) must be accompanied by 
a complete Chain of Custody form. This form must contain the following information: 

1. The project name and the watershed name. 

2. The name of the agency that completed the original sampling,' the name 
of that agencies' project advisor, the name of at least one crew member 
that participated in sampling, and address/telephone numbers for 
both. 

3. Complete locality information for each sample, including county 
where sampling occurred, site description (e.g., Pine Creek at 
Centerville Road), transect information (Tl, T2, etc.), sampling date and 
name of collector. 

4. Total number of samples (and total number of jars if·different from total 
samples due to single samples occupying more than one jar). 

5. A list of sample ID numbers (if ID numbers have been assigned by the 
originating agency; otherwise, ID numbers are assigned to each sample 
bytheABL. 

When samples are delivered to the ABL, the delivering agent will be expected to remain 
at the lab until a member of the ABL staff verifies that all the samples being delivered are 
listed on the COC form. Any discrepancies will be noted and resolved at the time of 
delivery. ABL staff will not sign a COC until all discrepancies are resolved. If samples 
are delivered in the absence of ABL staff, or without the verification of COC contents by 
ABL staff, the ABL is not responsible for discrepancies (i.e., samples listed on the COC 
but not actually delivered, or samples delivered without proper documentation on the 
COC). Samples will not be accepted without appropriate COC forms. 
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CALIFORNIA DEPARTMENT OF FISH AND GAME 
WATER POLLUTION CONTROL LABORATORY 

AQUATIC BIOASSESSMENT LABORATORY 
REVISION DATE- January 15,2002. 

CDFG/ CSU AQUATIC BIOASSESSMENTLABORATORY SUBSAMPLING WORKSHEET 
Project Name: Project Code: Object Code: 

ABL#: Date: Technician Name: 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

random 
grid# 
half 
/whole 
grid 
#per grid 
cumulative 
# 

Grids Picked: Total Total Time: Notes: 

Grids: Count: Comments 

ABL#: Date: Technician Name: 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

random 
grid# 
half 
/whole 
grid 
#per grid 
cumulative 
# 

Grids Picked: Total Total Time: Notes: 

Grids: Count: Comments 

ABL#: Date: Technician Name: 

19 20 

19 20 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

random 
grid# 
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half 
/whole 
grid 
#per grid 

cumulative 
# 

Grids Picked: 
Grids: 

ABL#: 

random 
grid# 
half 
/whole 
grid 
#per grid 

cumulative 
# 

Grids Picked: 
Grids: 

1 2 3 

Total 

Date: 

4 5 6 

Total 

Total 

CALIFORNIA DEPARTMENT OF FISH AND GAME 
WATER POLLUTiqN CONTROL LABORATORY 

AQUATIC BIOASSESSMENT LABORATORY 
REVISION DATE- January 15,2002. 

·Time: Notes: 

Count: Comments 

Technician Name: 

7 8 9 10 11 12 13 14 15 16 17 18 

Total Time: Notes: 

Count: Comments 

\Datasheets\Lab\Labforms\subsampling form2. wpd 
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Project Name: 

# 

CALIFORNIA DEPARTMENT OF FISH AND GAME 
WATER POLLUTION CONTROL LABORATORY 

AQUATIC BIOASSESSMENT LABORATORY 
REVISION DATE- January 15, 2002. 

CDFG/ CSU Aquatic Bioassessment Laboratory 

Picking-Sorting Worksheet 

Project Code: Date: 
Picking Sorting 

# # 
Extra Total Bugs Grids # Grids 

includes # # 
ABL# Date Time Bugs Bugs extras Used Processed Initials Date Bugs Discards Initials 
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CALIFORNIA DEPARTMENT OF FISH AND GAME 
WATER POLLUTION CONTROL LABORATORY 

AQUATIC BIOASSESSMENT LABORATORY 
REVISION DATE- January 15, 2002. 



California Department ofFish and Game 
Bioassessment Laboratory Page 1 

Water Pollution Control Laboratory Aquatic 
Revision date: May 5, 2005 

California Stream Bioassessment Procedure (CSBP) for Measuring 
B . Ch f S H b. d S 1· B h. M b aSIC aractenzatwn o tream a Itat an ampm2 ent IC acromverte rates 

Project Name: Date: 

Stream Name: Time: 

Site Code: Crew 
Members 

GPS Latitude: 0N 

GPS Longitude: ow 

Stream Temp. ('C): pH: Salinity (ppt): 

Stream DO mg/L: Conductivity (f!s) Alkalinity(): 

Photograph Numbers: Trans A up: I Trans D up: Trans Gup: Trans I up: 1 Trans K dwn: 

Additional Photographs (Optional): 

Protocol Brief for Measuring Basic Characterization of Stream Habitat: 
Step 1. Establish a 150 meter reach of stream. 
Step 2. Fill in the first box on page 1 with site location information. 
Step 3. Measure ambient water column chemistry specified in the In Situ Measurement on page 1 before 
disturbing the benthos. 
Jtep 4. Starting at the bottom of the reach, estimate the stream width and record it in the Substrate Cross
Sectional Information box on page 2, Transect A. 
Step 5. Starting at the right or left bank, record the depth and substrate size using the codes in the Substrate 
Cross-Sectional Information box on page 2, Transect A. By pacing offthe distance, repeat the measures at 
25%, 50%, and 75% of the stream width and at the opposite bank. Estimate percent embeddedness whenever a 
cobble size substrate is encountered and record in the same box. 
Step 6. Using the EMAP modified convex densiometer (17 point), measure canopy cover facing the left bank, 
upstream at 50%, downstream at 50% and the right bank and record in the Densiometer Box Transect A. 
Step 7. Take a photograph facing upstream and record the digital photo number in the In Situ Measurement 
box on page 1. 
Step 8. Pace off7 Y2 meters upstream of Transect A and repeat Step 5 without estimating depth. Record the 
infonnation in the Inter-Transect Substrate Cross-Sectional Information box for Transect A. 
Step 9. Pace off an additional 7 Y2 meters upstream and repeat steps 4, 5, 6 and 8. Only repeat step 7 when 
prompted by the Photograph at Transect box. 
Step 10. After completing Transect K, proceed downstream measuring the total reach gradient by recording% 
slope for manageable sections of channel and then averaging the measwements in the Slope Measurements 
box. This procedure is best done with two people and a clinometer. 
Step 11. While proceeding downstream measming gradient, record approximate proportions of the stream 
channel in the habitat types listed in the Flow Habit Delineation box. 
Step 12. Complete the U.S. EPA Rapid Bioassessment Protocol Physical/Habitat Sheet and record on page 8. 

Protocol Brief for Samplin~ Benthic Macroinvertebrates: 
Targeted Riffle- Composite 1 ft of substrate from 8 fast water habitats distributed throughout the reach. To 
Jetermine the samp1ing position within the riffle, take two random numbers between 1 and 1 0 with the first 
number representing the percent of the length (from the bottom), and the second number representing the 
percent of the width (from the right bank). . 
Multi-Habitat - Composite 1 ft2 of substrate from the 11 transects alternation from right, center and left 
margins. The position of the first sample is decided by flipping a coin for either left and right. 

A0~J9970 



Site Code: ____________ _ 

·:.'::<.F';::;sltiii~~t:a1e:.:~dii,().~s?~ic\tJ.:ail~l:$ii\t6iil~tt~rtl~{:;·;;#X!:;· 
Estimated stream Depth Size Class Cobble Embed. 
Width XXX em Code 0-100% * 
Left bank 
LCtr 25% 
Ctr 50% 
RCrt 75% 
Right bank 
Substrate Size Class Codes 
RS =Bedrock (Smooth) - Larger Than a Car 
RR = Bedrock (Rough) - Larger Than a Car 
RC = Concrete/ Asphalt 
LB = Larger Boulder ( 1000 to 4000 mm) - Meterstick to Car 
SB = Small Boulder (250 to 1000 mm) - Basketball to 
Meterstick 
CB =Cobble (64 to 250 mm)- Tennis Ball to Basketball 
GC =Coarse Gravel (16 to 64 mm)- Marble to Tennis Ball 
GF =Fine Gravel (2 to 16 mm) - Ladybug to Marble 
SA= Sand (0.06 to 2 mm) - Gritty up to Lady Bug 
FN =Silt/ Clay/ Muck- Not Gritty 
HP = Hardpan - Firm Consolidated Fine Substrate 
WD =Wood - Any Size 

I OT =Other (Write comment below) 
' · Cobble Embeddedness on first 25 cobbles only. 

Comments: -------------------------------

~~i±~~~~~~s~'b~tr:at:~l~~mQis~s,~~~!t;TJ!ij}i'f.~~~m:~'iQli~~~~.i[i~1 
Estimated stream Depth Size Class Cobble Embed. 
Width XXX em Code 0-100% * 
Left bank 
LCtr 25% 
Ctr 50% 
RCrt 75% 
Right bank 

Comments: -----------------------------

Page2 

TRANSECT A 

Photograph 
at 

Transect 

TRANSECTB 

A00:~s r:t 

Date: I /2005 

Cobble Embed. 
0-100% 

CenU 
CenDwn 
Rt.Bank 



Site Code: -------------------------------- Page 3 Date: I /2005 

· ·substrate·Cross~Secticinaiiln:t'am.nation. I 

Estimated Stream Depth Size Class Cobble Embed. 
Width XXX em Code 0-100% * 
Left bank Estimated Stream Size Class Cobble Embed. 
LCtr 25% Width Code 0-100% 

Ctr 50% Left banlc 

RCrt 75% LCtr 25% 

Right bank Ctr 50% 

Substrate Size Class Codes RCrt 75% 
RS =Bedrock (Smooth) -Larger Than a Car Right bank 
RR =Bedrock (Rough) - Larger Than a Car 
RC = Concrete/ Asphalt 
LB =Larger Boulder (1000 to 4000 mm)- Meterstick to Car 
SB = Small Boulder (250 to 1000 mm) - Basketball to 
Meterstick TRANSECTC 
CB =Cobble (64 to 250 mm)- Tennis Ball to Basketball 
GC =Coarse Gravel (16 to 64 mm)- Marble to Tennis Ball 
GF =Fine Gravel (2 to 16 mm)- Ladybug to Marble 
SA= Sand (0.06 to 2 mm) - Gritty up to Lady Bug 
FN = Silt/ Clay/ Muck- Not Gritty Rt.Bank 

CenUp 
CenDwn 

HP = Hardpan - Firm Consolidated Fine Sub'strate 
WD = Wood - Any Size 
OT = Other (Write comment below) 
' Cobble Embeddedness on first 25 cobbles only. 

Comments: -------------------------------------------------------------------------

.... ·· : ' : :siiitlsrr.ate ct.oss~S'@~~i9Jli~1rmn1ff~Pma.ti'QU.1i):::: ::J? ~ :,] 
Estimated Stream Depth Size Class Cobble Embed. 
Width XXX em Code 0-1 00% * 
Left bank 
LCtr 25% 
Ctr 50% 
RCrt 75% 
Right bank 

Conunents: ----------------------------
TRANSECTD 

Photograph 
at 

Transect 

CenUp 
CenDwn 
Rt. Bank 



Site Code: ____________ _ 

~~::r~j~~i:S;.~s::a'bstl:at~;'.0io:s'~~s~~tiolta111:Ii:!(():f:nfi1if()Jt~~~~;~~f~;~;\ 
Estimated Stream Depth Size Class Cobble Embed. 
Width XXX em Code 0-1 00% * 
Left bank 
LCtr 25% 
Ctr 50% 
RCrt 75% 
Right bank 
Substrate Size Class Codes 

LB = Lar er Boulder (1000 to 4000 mm)- Meterstick to Car 
SB = Small Boulder (250 to 1000 mm) - Basketball to 
Meterstick 
CB =Cobble (64 to 250 mm)- Tennis Ball to Basketball 
GC =Coarse Gravel (16 to 64 mm)- Marble to Tennis Ball 
GF = Fine Gravel (2 to 16 mm) - Ladybug to Marble 
SA= Sand (0.06 to 2 mm) - Gritty u to Lady Bug 
FN = Silt/ Clay/ Muck- Not Gritty 
HP =Hard an- Firm Consolidated F:ine Substrate 
WD =Wood - Any Size 

' OT =Other (Write comment below) 
. Cobble Embeddedness on first 25 cobbles only. 

Comments: 

Page4 Date: I /2005 

TRANSECTE 

-----------------------------------------------------------------------------

",';JXt;:;,~;~::J:S\u~~tf.3:£e!:~~~r~s:e~fl:Qir~1fiP.{!),~jp.~t£~'11~~~~~~wt:~ 
Estimated Stream Depth Size Class Cobble Embed. 
Width XXX em Code 0-1 00% * 
Left bank 
LCtr 25% 
Ctr 50% 
RCrt 75% 
Right bank 

Comments: 
----------------------~------

TRANSECTF 

CenUp 
CenDwn 
Rt.Bank 

A0~~~f3 



Site Code: --------------------------------

1Suhstrate .O~oss~Sectianiil.ln'.(onnati0n ··-

Estimated Stream Depth Size Class Cobble Embed. 
Width XXX: em Code 0-100% * 
Left bank 
LCtr 25% 
Ctr 50% 
RCrt 75% 
Right bank 
Substrate Size Class Codes 
RS = Bedrock (Smooth) - Larger Than a Car 
RR = Bedrock (Rough) - Larger Than a Car 
RC = Concrete/ Asphalt 
LB = Larger Boulder ( 1000 to 4000 rnm) - Meterstick to Car 
SB = Small Boulder (250 to 1000 rnm) -Basketball to 
Meterstick 
CB =Cobble (64 to 250 mm)- Tennis Ball to Basketball 
GC = Coarse Gravel (16 to 64 mm) - Marble to Tennis Ball 
GF = Fine Gravel (2 to 16 mm) - Ladybug to Marble 
SA= Sand (0.06 to 2 mm) - Gritty up to Lady Bug 
FN = Silt/ Clay/ Muck- Not Gritty 
HP = Hardpan - Firm Consolidated Fine Substrate 
WD = Wood - Any Size 
OT = Other (Write comment below) 

Cobble Embeddedness on first 25 cobbles only. 

I 

I 

Page 5 Date: I /2005 

Taken 7.Sm above Transect 
Estimated Stream 
Width 
Left bank 
LCtr 25% 
Ctr 50% 
RCrt 75% 
Right bank 

TRANSECTG 

Photograph 
at 

Transect 

Size Class 
Code 

CenUp 

Cobble Embed. 
0-100% 

CenDwn 
Rt. Banlc 

Conunents: ________________________________________________________________________ __ 

·.-~:e~:;s.u1l:ist~ate::;cr,Q\~'$:~;s..~~~ffiij,~JritJir~tiliation'.)~"-i,··.:i;_ .•. l 
Estimated Stream Depth Size Class Cobble Embed. 
Width XXX em Code 0-100% * 
Left bank 
LCtr 25% 
Ctr 50% 
RCrt 75% 
Right bank 

Conunents: __________________________ _ 

TRANSECTH 
CenUp 
CenDwn 
Rt.Bank 

Pll0099 r4 



Site Code: 
----------------------------~---

'::r3su1isttite;:0I:6~'s~s~cti.'Qi~tfWa;rJ!i'it!~it~~~~~i~~:~5;;:' 
Estimated Stream Depth Size Class Cobble Embed. 
Width XXX em Code 0-100% * 
Left bank 
LCtr 25% 
Ctr 50% 
RCrt 75% 
Right bank 
Substrate Size Class Codes 

SB = Small Boulder (250 to 1000 mm) -Basketball to 
Meterstick 
CB =Cobble (64 to 250 mm)- Tennis Ball to Basketball 
GC= Coarse Gravel (16 to 64 mm)- Marble to Tennis Ball 

FN = Silt' Clay/ Muck- Not Gritty 
HP = Hard an - Firm Consolidated Fine Substrate 
WD = Wood - Any Size 

, . OT = Other (Write cow..ment below) 
, ' Cobble Embeddedness on first 25 cobbles only. 
I 

Comments: 

Page 6 

TRANSECT I 

Photograph 
at 

Transect 

Date: I /2005 

-----------------------------------------------------------------------------

:ii~~~llM:J.:r:~~~s:UJJ~t~;a:i~(~~9'~s~sli~~r<IiJJii~~i!i~()*ill'itf6!lii~~~l~~~ 
Estimated Stream Depth Size Class Cobble Embed. 
Width XXX em Code 0~ 100% * 
Left bank 
LCtr 25% 
Ctr 50% 
RCrt 75% 
Right bank 

Comments: 
----------------------~~---

TRANSECTJ 

,~~td0~~ .f~~ 



Site Code: Page 7 Date: I /2005 --

Substrate ~cr.oss..;Sectional OCnrforma~ion. 
Estimated Stream Depth Size Class Cobble Embed. 
Width XXX em Code 0-100% * 
Left banlc 
LCtr 25% 
Ctr 50% 
RCrt 75% 
Right banlc 
Substrate Size Class Codes 
RS = Bedrock (Smooth) - Larger Than a Car 
RR =Bedrock (Rough) - Larger Than a Car 
RC = Concrete/ Asphalt 
LB =Larger Boulder (1000 to 4000 mm) -Meterstick to Car 

f~'.,:7tili,irs-SB = Small Boulder (250 to 1000 mm) -Basketball to :.;·~··:;.-! 

Meterstick TRANSECT K 
_;'!r!·Jii: ~,X' ~;,j)f;l 

C .,,L w•L'•·'''·''· 
CB =Cobble (64 to 250 mm)- Tennis Ball to Basketball Left Bank 
GC =Coarse Gravel (16 to 64 mm)- Marble to Tennis Ball CenUp 
GF = Fine Gravel (2 to 16 mm) - Ladybug to Marble CenDwn 
SA= Sand (0.06 to 2 mm) - Gritty up to Lady Bug Photograph Rt.Bank FN = Silt/ Clay/ Muck - Not Gritty 
HP = Hardpan - Firm Consolidated Fine Substrate at 
WD = Wood - Any Size Transect 
OT = Other (Write comment below) 

Cobble Embeddedness on first 25 cobbles only. 

REACH WIDE ESTIMATES OF SLOPE AND FLOW HABITAT TYPES 

i 
, .. ~ •· · ·.·· ·:~ ::-:;',:.······:, T::>~::::)·, ·.·~·· .. L'_, ;<:;·\ .. ,> ~s~~ue: · '~'!:t~····;-;;, •• ,,., .•.. ,.; .. ,. ~•}?·;~?H~·£:~,~~-~:~:J ..•. ·;:, .. ·.-~••·:,<, :.f' ,,:.,·~:;{;•; .·•·· · ' .. J:·,·.:2.:L: )::;.:~i:;;~:,&ilf~\1;:·;l; - . ·' . ~ 

Take as few measurement as are necessary to cover the entire 150m reach. 

Slope% Section Length Slope% Section Length Slope% Section Length 
1 5 9 
2 6 10 
3 7 11 
4 8 12 

•. -•; ·,··~"''i'\:·:;,_:;r ' :{}'({ ... •. J>. '.: .. 
...... , <i;·i'.•;,,_:y;•;:'(:;~>iT!'1 ·lill~w;,l'lalj:tiiX~~~b:l!~~~~:W,tf•t,·~,ii(.;ii~\i:i:".::·:;;;:;<·,(:' )f}!:;:;r~:~·~<~~::.:·.:l.-~-~-~.::·:·:~:-.~~~.;::~~ih;i;5;r.~~~~::~~~i~i~?::i~;~ii:··t:.:J 

Measure the lengths of each habitat type within the reach. 
Habitat Type Distance (in meters) Total 

Pool 

Glide •· 

Run 

.Uffle 

Cascade/ Falls 

Dry Channel 

Sum 

.('; ~-~· -



Site Code: ----------------------------------- Page 8 Date: I /2005 

Project Name: Date: 

Stream Name: Time: 

Site Code: Crew 
Members 

GPS Latitude: ON 

GPS Longitude: ow 

Habitat 
Condition Caregory 

Par:a:m.eier OpDmal SID optimal Marginal Poor 

Gl:\later than 70% cf 40-70% :mix of stable 20-40% :mi.': of stable Less th.an20% stable 
Ep:im:un.al substlate favorable ror habitat; well-suited for ha.b ita.t; ha.b ita.t hah ita.t; lack of habitat is 
~strate/ epifaunal colonization full colonization ava:ilab ility less than obvious; substrate 
ailah1e Cover and fuh cover, :mix cf ~t<;ntial; adequate desirable; rub strate unstable or lackirlg. 

snags, submerged logs, 1ta.t for maJl:'l!enmce fl:\lquently distw:b ed or 
undercut banks, cobble of populations; presence l:\lmoved. 
or other stable bah ita.t of additional substrate in 
and at stage to allow full th: fonn cf rewfall, but 
colonization potential not yet Pl:\lpa.l:\ld ror 
(i.e., log;; I mags tbat are 
l:lQ.i rew fa.ll and ncl 

colonization(ma.f.rate at 
high end cf scale . 

bansient). 

~ORE 20 19 18 17 16 15 14 13 12 ll 10 9 8 7 6 s 4 3 2 1 0 

Grave~ cobble, a.nd Grave~ cobble, a.nd Grave~ cobble, a.nd Grave~ cobble, a.nd 
E:rMedd.edness boulder parlicles ale 0- boulder parlic1es = 25- boulder parlic1es ale 50- boulder parlicles ale 

25% runound.ed by fine SO% runound.ed by fine 75% runounded by fine mole than 75% 
sediment. Layerirlg of sediment. · sediment. s'llUOW:'I.ded by fme 
cobble provides diversity sediment. 
of niche space. 

~ORE 20 19 18 17 16 15 14 13 12 ll 10 9 8 7 6 s 4 3 2 1 0 

All rom velocity/depth Only 3 ofth: 4 legim.es Only 2 ofth: 4 ba.bita.t Donrina.ted by 1 
Ve1oc:ity~fu l:\lgim.es PJ:\!Sent (slow- pl:\lsent (iffast-shallow is l:\lgim.es PJ:\!Sent (if fast- velocity/ depth l:\lglrne 
gime deep, slow-shallow, fast- missing, SCOJ:\l lower shallow ·Or slow-shallow (usually slow-deep). 

deep, fast-sballow). 
(S O'l't is < 0.3 mh, deep 

thm if mis sirlg other 
l:\lgim.es). 

a.l:\l missing, SCOle low). 

is> O.S m.) 

~ORE 20 19 18 17 16 15 14 13 12 ll 10 9 8 7 6 s 4 3 2 1 0 

Little or no enlargement S orne rew incl:\lase :in Modente deposition of Heavy deposits of fine 
Sedirnen:t of isla.nds or point b a.rs bar ro:t:rreticm, nnstly new grave~ sand orfme mate~ incleased bar 
porit:ion and less than 5% ( <20% from grave~ sand orfme sedim.ent on old a.nd rew development; nDJ:\l than 

for low-gradient streams) sediment; bars; 30-50% (50-80% SO% (80% for low-
of frt: bottom afficted by 
sediment deposition. 

5-30% (20-50% for lO'I't-
gradient) of the bottom 

for low-gradient) of th: 
bottom affected; 

gradient) ofthe bottom 
changing frequently; 

affected; slight sediment deposits at pools almost absent due 
deposition in pools. ob s'b:u.ctions, to rub sta.ntial s ediment 

constrictions, and bends; deposition. 
moderate deposition of 
pools PJ:\!Va.lent. 

~ORE 20 19 18 17 16 15 14 13 12 ll 10 9 8 7 6 s 4 3 2 1 0 

Water leaches base of Water fills > 7 5% cf the Water fills 25-7 5% of V er-J little water in 
Channel Flow bothlowerbanks, and ava:ilab le charme1; or th: ava:i.lab le chmne~ cham'el and nnstly 
ltus minimal a.nnunt of <25% of cha.nre1 and/or rime substrates pl:\lse:nt as sta.ndirlg 

cha.nrel sub stnte is sub stnte is exposed. a.re mostly exposed. pools. 
exposed. 

~ORE 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 s . 4 3 2 1 0 



Site Code: ----------------------------------- Page 8 Date: I /2005 

HABITAT ASSESSIV.IENT FIELD DATA SHEET--HIGH GR..I\DIENT STRK~ (BACK) 

Hab:ita:t 
Condition Ca:te,gory 

Parameier Qptim.al Sdloptimal Marginal Po(]([' 

C halmel.izat:i.an or S orne channelization C halmel.izat:i.an may be Banks shored with 
6. Channel ~<lhsento:r p:resent, usually in aJeas extensive; embankments §<lhiono:rcement; ewer 
Al:rera:tilm ; st:ream with of bridge <lhutmmts; or shoring structures 0% of the st:ream :reach 

noml.al pattern evidence of past p:resent on both banks; cll.anrelized and 
cl:tanmlization, i.e. and 40 to 80% ofsb.lam disrupted. Insb.eam 
dredging, (greater than reach cllannelized and h<lh itat greatly alteJed or 
past 20 yr) may be disrupted. removed ent:iJely. 
presen~ but :recent 
cl:tanm ization is rot 
present. 

SCORE 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Occul'Jence ofrifil.es Occunence ofrifil.es Occas ioml r.i:ffie or Generally all flat water 
7. Frequency of relatively f1eque:rrl:; ratio inf:requent; distance bend;bottonicontours or shallow riffles; poor 
Riflles (or benils) of distance between between riffles divided arovide SO:tni! W itat' h<lh ita~ dista.n:e between 

ri.ffies divided bywidth by tre width of the ista.n:e between ;Jfiks riffles ivided by the 
of tre stJeam <7: 1 stream is between 7 to di\>ided by tk. width of width ofthe stream is a 
(ge:rer~ 5 to 7)j 15. tre stJeam is between 15 ratio of>25. 

...:: variety mbitahs key . to25. 

I. In st:reams whe:re r:i:ffles 
are co:rrl:i.nuous, 

J placeni<:nt ofboulders or 
other laxge, m.tural 

i obstruction is inipo:rla.nt. 

SCORE 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

~ Banks st<Jo le; evidence Mode:~atelyst<lhle; Mode:~atelyunshlle; 30- Unst<lhle; nianyeroded 

i 8. Bank Siab:ili:l;r of e:tOsion or bank infrequent, sniall aJeas of 60% ofb ank in Jeach has areas; 11ra:w 11 areas 
~core each ban'IIJ failure <lhs em or erosion mostly healed areas of erosion; mgh frequent along straight 

,.Q 
minimal; little potential over. 5-30% Of'bank in erosion potential during sections and bends; 

1 Note: detel:'niine left for future p:tOblems. reach has areas of floods. obvious bank sloughing; 

~ 
or right side by <5% ofbank affected. erosion. 60-100% ofbank has 
:facing downst:ream. erosional scars. 

8j SCORE _(LB) Left Bank 10 9 8 7 6 5 4 3 2 1 0 
Gj 

,.Q SCORE _(RB) Right Bank 10 9 8 7 6 5 4 3 2 1 0 
~ 

~ Mo:re than 90%oftre 70-90% ofthe 50-70% ofthe Less than50%ofthe 
9. Vegetative st:reambank surfaces and st:reanibank surfaces streanibank su:daces streambank surfaces 

J Protection (score ~diate riparian =u. coveJed by native cove1ed by vegetation; coveJed by vegetation; 
each bank) CO\"l!Jed by native vegetatiol:l, but one class disruption obVJ.OUs; disruption of stJeanib ank 

vegetatiol:l, including of plants is rot well- patches ofb are soil or vegetation is ~ry high; 
tJees, understory shrubs, 
or ronw'body 

:rel?Jes e:rrl:ed; dis!ft,tion 
eVident but not ecting 

closely cropped 
vegetation com:mm; less 

vegetation has been 
:removed to 

=rophytes; vegetative full pla:rrl: growth than one-half of the 5 centimeters or less in 
disru,ption~ potential to ~at ~tential plard: stu.bb le average stubble might. 
grazmg or niOWJng extent; more one- ightJe~. 
minimal or not evident; half of the potential plant 
almost all plants allowed stubb,le. height 
to grow naiurally. l'e:maJnlllg. 

SCORE _(LB) Left Bank 10 9 8 7 6 5 4 3 2 1 0 

SCORE _(RB) RightBank 10 9 8 7 6 5 4 3 2 1 0 

Width of riparian =ne Width of riparian :?X:~ne Width of riparian =ne Width of riparian =ne 
10. ~ar.ian. > 18 nieters; human 12-18 rreters; human 6-12 nieters; human ~6 meters: little or no 
V~liveZone activities (i.e., parlcing activities have inipacted activities have inipacted riparian vegetation due 
Wnth (scoJe each lots, ro.adb eds, clear- :?X:~ne only minimally. :?X:~ne a great deal. to human activities. 
bank riparianmne) cuts, Lawns, or crops) 

haw rot inipacted :?X:~m. 

SCORE _(LB) Left Bank 10 9 8 7 6 5 4 3 2 1 0 

SCORE (RB) Right Bank 1 0 9 8 7 6 5 4 3 2 1 0 

Total Score ___ _ 
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California Department of Fish and Gume 
Bioassessment Laboratory 

Water Pollution Control Laboratory Aquatic 
Revision date: April 25, 2005 · 

CSBP Stream Habitat Characterization Form 
Standard Reach Length - 150 m., distance between transects 15 m. 
Project Name: 

Stream Name: 

Site Code: 

GPS Latitude: ON . 

GPS Longitude: ow 

Stream Temp. ("C): 
Stream DO mg/L: 

Photograph Numbers: 0 up: 

Additional Photographs (Optional): 

Habitat 
Parameter 

1. Epifaunal Substrate/ 
Available Cover 

SCORE 

2. Sediment Deposition 

SCORE 

3. Channel Alteration 

SCORE 

Comments: 

Optimal 
Greater than 70% of substrate 
favorable for epifaunal 
colonization and fish cover; most 
favorable is a mix of snags, 
submerged logs, undercut banks, 
cobble or other stable habitat and 
at stage to allow full colonization 
potential (i.e., logs/snags that are 
not new fall and not transient). 

20 19 18 17 16 

Little or no enlargement of islands 
or point bars and Jess than 5% of 
the bottom affected by sediment 
deposition. 

20 19 18 17 16 

Cbmmelization or dredging absent 
or minimal; stream with normal 
pattern. 

20 19 18 17 16 

Date: 

Time: 

Crew 
Members 

90up: 

Suboptiinal 
,40-70% mix of stable habitat; well
suited for full colonization 
potential; adequate lmbitat for 
maintenance of populations; 
presence of additional substrate in 
the form of newfall, but not yet 
prepared for colonization (may rate 
at high end of scale). 

15 14 13 12 11 

Some new increase in bar 
formation, mostly from gravel, 
sand or fine sediment; 5-30% of 
the bottom affected; slight 
deposition in pools. 

15 14 13 12 11 

Some channelization present, 
usually in areas of bridge 
abutments; evidence of past 
channelization, i.e., dredging, 
(greater than past 20 yr) may be 
present, but recent channelization 
is not present. • 

15 14 13. 12 11 

Marginal 
20-40% mix of stable habitat; 
habitat availability less than 
desirable; substrate frequently 
disturbed or removed. 

10 9 8 7 6 
Moderate deposition of new 
gravel, sand or fine sediment on 
old and new bars; 30-50% of the 
bottom affected; sediment deposits 
at obstructions, constrictions, and 
bends; moderate deposition of 
pools prevalent. 

10 9 8 7 -6 
Cha1melization may be extensive; 
embankments or shoring structures 
present on both banks; and 40 to 
80% of stream reach clmnnelized 
and disrupted. 

10 9 8 7 6 

Poor 
Less than 20% stable habitat; Jack 
ofhabitat is obvious; substrate 
unstable or Jacking. 

5 4 3 2 0 
Heavy deposits of fine nmterial, 
increased bar development; more 
than 50% of the bottom changing 
frequently; pools almost absent 
due to substantial sediment 
deposition. 

5 4 2 0 

Banks shored with gabion or 
cement; over 80% of the stream· 
reach cba1melized and disrupted. 
lnstream habitat greatly altered or 
removed entirely. 

5 4 3 2 0 

--------------------------------------~----------------------------------------
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I Site Code: I Date: I I 2005 

~ ,Targetted Riffle - 1 (1 square foot) sample taken from up to 8 riffle units for a total of 8 samples. 
ifo determine the sampling position with in the riffle, take two random numbers between 1 and 10. Multiply the numbers by ten. The 
first number represents the percent of the length (from the bottom) where to sample, and the second number represents the percent of 
the width (from the right bank) where to sample. 
Multi-Habitat - 1 taken lm below each of the 11 transects. 

Fines and Sand 

Gravel 

Cobble 

Boulder 

Bedrock 

Comments: 
------------------------------------------------------~------------------------
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STREAM DISCHARGE FORM 
1 

Site Code: Date: I I 2005 

Discharge: Velocity Area is the preferr-ed option. Neutral Bouyant Object or Time Fi11ed should only if Velocity Area will not work. 

1 0 

2 
3 

4 
5 
6 
7 
8 

9 
10 

11 

12 
13 

14 

15 

16 
17 

18 

19 

20 

Comments: 

Float Dist. (m) 

Float Time 

Width (m) 
Depth 1 (em) 

Depth 2 (em) 

Depth 3 (em) 

Depth 4 (em) 

DepthS (em) 

1 

2 

3 

4 
5 
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separate scales in the B-181. Metrics were scored and assembled into a composite 8-
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analysis was used to demonstrate that the 8-181 was sensitive to composite stressor 

· gradients; we also confirmed that the 8-181 scores were not correlated with elevation, 
season, or watershed area. Application of the Bol81 to an independent validation 
dataset (69 sites) produced results congruent with the development dataset and a 
separate repeatability study at four sites in the region confirmed that the B-181 
scoring is precise. The SoCal 8-181 is an effective tool with strong performance 
characteristics and provides a practical means of evaluating biotic condition of 
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ABSTRACT I We developed a benthic macroinvertebrate 

index of biological integrity (B-181) for the semiarid and 

populous southern California coastal region. Potential refer

ence sites were screened from a pool of 275 sites, first with 

quantitative GIS landscape analysis at several spatial scales 

and then with local condition assessments (in-stream and 

Assemblages of freshwater organisms (e.g., fish, 
macroinvertebrates, and periphyton) are commonly 
used to assess the biotic condition of streams, lakes, 
and wetlands because the integrity of these assem
blages provides a direct measure of ecological condi
tion of these water bodies (Karr and Chu 1999). Both 
multimetric (Karr and others 1986; Kerans and Karr 
1994; McCormick and others 2001; Klemm and others 
2003) and multivariate (Wright and others 1983; 
Hawkins and others 2000; Reynoldson and others 

, 2001) methods have been developed to characterize 
biotic condition and to establish thresholds of ecolog
ical impairment. In both approaches, the ability to 

I<EY WORDS; Benthic macroinvertebrates; B-IBI; Biomonitoring; 
Mediterranean climate 
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riparian) that quantified stressors acting on study reaches. 

We screened 61 candidate metrics for inclusion in the B-IB I 

based on three criteria: sufficient range for scoring, respon

siveness to watershed and reach-scale disturbance gradi

ents, and minimal correlation with other responsive metrics. 

Final metrics included: percent collector-gatherer+ collector

filterer individuals, percent noninsect taxa, percent tolerant 

taxa, Coleoptera richness, predator richness, percent intol

erant individuals, and EPT richness. Three metrics had lower 
scores in chaparral reference sites than in mountain refer

ence sites and were scored on separate scales in the 8-181. 

Metrics were scored and assembled into a composite 8-181, 

which was then divided into five roughly equal condition 

categories. PCA analysis was used to demonstrate that the 

B-IB I was sensitive to composite stressor gradients; we also 

confirmed that the B-IB I scores were not correlated with 

elevation, season, or watershed area. Application of the B-IB I 

to an independent validation dataset (69 sites) produced 

results congruent with the development dataset and a sep

arate repeatability study at four sites in the region confirmed 

that the B-181 scoring is precise. The SoCal B-181 is an 

effective tool with strong performance characteristics and 

provides a practical means of evaluating biotic condition of 

streams in southern coastal California. 

recognize degradation at study sites relies on an 
understanding of the organismal assemblages expected 
in the absence of disturbance. Thus, the adoption of a 
consistent and quantifiable method for defining ref
erence condition is fundamental to any biomonitoring 
program (Hughes 1995). 

Southern California faces daunting challenges in 
the conservation of its freshwater resources due to its 
aridity, its rapidly increasing human population, and its 
role as one of the world's top agricultural producers. In 
recent years, several state and federal agencies have 
become increasingly involved in developing analytical 
tools that can be used to assess the biological and 
physical condition of California's streams and rivers. 
For example, the US Environmental Protection Agency 
(EPA), the US Forest Service (USFS), and California's 
state and regional Water Quality Control Boards 
(WQCBs) have collected fish, periphyton and benthic 
macroinvertebrates (BMis) from California streams 
and rivers as a critical component of regional water 

© 2005 Springer Science+8usiness Media, Inc. 
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494 P. R. Ode and others 

quality assessment and management programs. To
gether, these agencies have sampled BMis from thou
sands of sites in California, but no analysis of BMI 
assemblage datasets based on comprehensively defined 
regional reference conditions has yet· been under
taken. In the only other large-scale study within the 
state, Hawkins and others (2000) developed a predic
tive model of biotic integrity for third- to fourth-order 
streams on USFS lands in three montane regions in 
northern California. This ongoing effort (Hawkins 
unpublished) is an important contribution to bioas
sessment in the state, but the emphasis of this work has 
been concentrated on logging impacts within USFS 
lands. The lack of a broadly defined context for inter
pretation of BMI-based bioassessment remains the 
single largest impediment to the development of bi
ocriteria for the majority of California streams and 
rivers. This article presents a benthic index of biotic 
integrity (B-IBI) for wadeable streams in southern 
coastal California assembled from BMI data collected 
in the region by the USFS, EPA, and state and regional 
WQCBs between 2000 and 2003. 

Methods 

Study Area 

The Southern Coastal California B-IBI (SoCal B
IB!) was developed for the region bounded by Mon
terey County in the north, the Mexican border in the 
south, and inland by the eastern extent of the 
southern Coast Ranges (Figure 1). This Mediterra
nean climate region comprises two Level III ecore
gions (Figure 1; Omernik 1987) and shares a 
common geology (dominated by recently uplifted and 
poorly consolidated marine sediments) and hydrology 
(precipitation averages 10-20 in./year in the lower 
elevations and 20-30 in./year in upper elevations, 
reaching 30-40 in./year in the highest elevations and 
in some isolated coastal watersheds (Spatial Climate 
Analysis Service, Oregon State University, www.cli
matesource.com). The human population in the re
gion was approximately 20 million in 2000 and is 
projected to .exceed 28 million by 2025 (California· 
Department of Finance, Demographic Research Unit, 
www.dof.ca.gov). 

Field Protocols and Combining Datasets 

The SoCal B-IBI is based on BMI and physical hab
itat data collected from 275 sites (Figure 1) using the 3 
protocols described in the following subsections. Sites 
were sampled during base flow periods between April 
and October of 2000-2003. 

0 Development Set, Reference 

• Development Set, Test Site 

1::J.. Validation Set, Reference 

A Validation Set, Test Sites 

~ Southern Callfornia Mountains 

D Chaparral and Oak Woodlands 

Figure 1. Map of study area showing the location of the 
study area within Californ'ia, the distribution of test and ref
erence sites and development and validation sites, and the 
boundaries of the two main ecoregions in the study area. 

California Stream Bioassessment Protocol (CSBP, 144 
sites). Several of the regional WQCBs in southern 
coastal California have implemented biomonitoring 
programs in their respective jurisdictions and have 
collected BMis according to the CSBP (Harrington 
1999). At CSBP sites, three riffles within a 100-m reach 
were randomly selected for sampling. At .each riffle, a 
transect was established perpendicular to the flow, 
from which three separate areas of 0.18 m2 each were 
sampled upstream of a 0.3-m-wide D-frame net and 
composited by transect. A total of 1.82 m 2 of substrate 
was sampled per reach and 900 organisms were sub
sampled from this material (300 organisms were pro
cessed separately from each of 3 transects). Water 
chemistry data were collected in accordance with the 
protocols of the different regional WQCBs (Puckett 
2002) and qualitative physical habitat characteristics 
were measured according to Barbour and others 
(1999) and Harrington (1999). 

USFS (56 sites). The USFS sampled streams on na
tional forest lands in southern California in 2000 and 
2001 using the targeted riffle protocol of Hawkins and 
others (2001). Ali study reaches were selected non
randomly as part of a program to develop an inter
pretive (reference) framework for the results of stream 
biomonitoring studies on national forests in California. 
BMis were sampled at study reaches (containing at. 
least four fast-water habitat units) by disturbing two 
separate 0.09-m 2 areas of substrate upstream of a 0.3-m
wide D-frame net in each of four separate fast-water 
units; a total of 0.72 m2 was disturbed and all sample 
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material from a reach was com posited. Field crews used 
a combination of qualitative and quantitative measures 
to collect physical habitat and water chemistry data 
(Hawkins and others 2001). A 500-organism subsample 
was processed from the composite sample and identi
fied following methods described by Vinson and Haw
kins (1996). 

Envi·ronmental lvlonitoring and Assessment Progmm 
(EMAP, 75 sites). The EPA sampled study reaches in 
southern coastal California from 2000 through 2003 as 
part of its Western EMAP pilot project. A sampling 
reach was defined as 40 times the average stream width 
at the center of the reach, with a minimum reach 
length of 150-m and maximum length of 500-m. A BMI 
sample was collected at each site using the USFS 
methodology described earlier (Hawkins and others 
2001) in addition to a standard EMAP BMI sample (not 
used in this analysis). A 500-organism subsample was 
processed in the laboratory according to EMAP stan
dard taxonomic effort levels (Klemm and others 1990). 
Water. chemistry samples were collected from the 
midpoint of each reach and analyzed using EMAP 
protocols (Klemm and Lazorchak 1994). Field crews 
recorded physical habitat data using EPA qualitative 
methods (Barbour and others 1999) and quantitative 
methods (Kaufmann and others 1999). 

As part of a methods comparison study, 77 sites were 
sampled between 2000 and 2001 with both the CSBP 
and USFS protocols. The two main differences between 
the methods are the area sampled and the number of 
organisms subsampled (discussed earlier). To deter
mine the effect of sampling methodology on assess
ment of biotic condition, we compared the average 
difference in a biotic index score between the two 
methods at each site. Biotic index scores were 
computed with seven commonly used biotic metrics 
(taxonomic richness, Ephemoptera, Plecoptera, and 
Trichoptera (EPT) richness, percent dqminant taxon, 
sensitive EPT individuals, Shannon diversity, percent 
intolerant taxa, and percent scraper individuals) 
according to the following equation: 

Score= L (x;- x)/ sem; 

where x; is the site value for the ith metric, x is the 
overall mean for the ith metric, and SEM; is the stan
dard error of the mean for the ith metric. A score of 
zero is the mean value. 

Because USFS-style riffle samples were collected at 
all EMAP sites, only two field methods were combined 
in this study. All EMAP and CSBP samples were col
lected and processed by the California Department of 
Fish and Game's Aquatic Bioassessment Laboratory 
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(ABL) and all USFS samples were processed by the US 
Bureau of Land Management's Bug Lab in Logan, 
Utah. Taxonomic data from both labs were combined 
in an MS Access© database application that standard
ized BMI taxonomic effort levels and metric calcula
tions, allowing us to minimize any differences between 
the two labs that processed samples. Taxonomic effort 
followed standards defined by the California Aquatic 
Macroinvertebrate Laboratory Network (CAMLnet 
2002; www.dfg.ca.gov/cabw/camlnetste.pdf). Sites with 
fewer than 450 organisms sampled were omitted from 
the analyses. 

Screening Reference Sites 

We followed an objective and quantitative reference 
site selection procedure in which potential reference 
sites were first screened with quantitative Geographical 
Information System (GIS) land-use analysis at several 
spatial scales and then local condition assessments (in
stream and riparian) were used to quantify stressors 
acting within study reaches. We calculated the pro
portions of different land-cover classes and other 
measures of human activity upstream of each site at 
four spatial scales that give unique information about. 
potential stressors acting on each site: (1) within 
polygons delimiting the entire watershed upstream of 
each sampling site, (2) within polygons representing 
local regions (defined as the intersection of a 5-km
radius circle around each site and the primary wa
tershed polygon), (3) within a 120-m riparian zone on 
each side of all streams within each watershed, and ( 4) 
within a 120-m riparian zone in the local region. We 
used the ArcView® (ESRI 1999) extension ATtiLA 
(Ebert and Wade 2002) to calculate the percentage of 
various land-cover classes (urban, agriculture, natural, 
etc.) and other measures of human activity (population 
density, road density, etc.) in each of the four spatial 
areas defined for each site. Two satellite imagery 
datasets from the mid-1990s were combined for the 
land-cover analyses: California Land Cover Mapping & 
Monitoring Program (LCMMP) vegetation data (Cai
VEG) and a recent dataset produced by the Central 
Coast Watershed Group (Newman and Watson 2003). 
Population data were derived from the 2000 migrated 
TIGER dataset (California Department of Forestry and 
Fire Protection, www.cdf.ca.gov). Stream layers were 
obtained from the US Geological Survey (USGS) Na
tional Hydrography Dataset (NHD). The road network 
was obtained from the California Spatial Information 
Library (CaSIL, gis.ca.gov) and elevation was based on 
the USGS National Elevation Dataset (NED). Fre
quency histograms of land-use percentages for all sites 
were used to establish subjective thresholds for elim-
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Table 1. List of minimum or maximum landuse 
thresholds used for rejecting potential reference sites 

Stressor metric Definition Threshold 

N_index_L Percentage of s; 95% 

Purb_L 

Pagt_L 

Rcldens_L 

PopDens_L 

N_index_W 

Purb_W 

Pagt_W 

Rddens_W 

PopDens_W 

natural land 
use at the local 
scale 

Percental of urban 
land 
use at the local 
scale 

>3% 

Percentage of total > 5% 
agdculture at the 
local scale 

Road density at the > 2.0 km/km 2 

local scale 
Population density > 150 indiv./km2 

(2000 census) at 
the local scale 

Percentage of natural s; 95% 
landuse at the 
watershed scale 

Percentage of urban > 5% 
landuse at the 
watershed scale 

Percentage of total > 3% 
agriculture at the 
watershed scale 

Road density at the > 2:0 km/km2 

watershed scale 
Population density > 150 indiv./km2 

(2000 census) at 
the watershed scale 

inating sites from the potential reference pool 
(Table 1). Sites were further screened from the refer
ence pool on the basis of reach-scale conditions 
(obvious bank instability or erosion/ sedimentation 
problems, evidence of mining, dams, grazing, recent 
fire, recent logging). 

Eighty-eight sites passed all the land-use and local 
condition screens and were selected as reference sites, 
leaving 187 sites in the test group. We randomly di
vided the full set of sites into a development set (206 
sites total: 66 reference/140 test) and a validation set 
(69 sites total: 22 reference/47 test). The development 
set was used to screen metrics and develop scoring 
ranges for component B-IBI metrics; the validation set 
was used for an independent evaluation of B-IBI per
formance. 

Screening Metrics and Assembling the B-181 

Sixt;'-one metrics were evaluated for possible use in 
the SoCal B-IBI (Table 2). A multistep screening pro
cess was used to evaluate each metric for (1) sufficient 
range to be used in scoring, (2) responsiveness to wa-

tershed-scale and reach-scale disturbance variables, and 
(3) lack of correlation with other responsive metrics. 

Pearson correlations between all watershed-scale 
and reach-scale disturbance gradients were used to 
define the smallest suite of independent (nonredun
dant) disturbance variables against which to test bio
logical metric response. Disturbance variables with 
correlation coefficients JrJ 2 0.7 were considered 
redundant. Responsiveness was assessed using visual 
inspection of biotic metric versus disturbance gradient 
scatterplots and linear regression coefficients. Metrics 
were selected as responsive if they showed either a 
linear or a "wedge-shaped" relationshi'p with distur
bance gradients. Biological metrics often show a 
"wedge-shaped" response rather than a linear re
sponse to single disturbance gradients because the 
single gradient only defines the upper boundary of the 
biological response; other independent disturbance 
gradients and natural limitations on species distribu
tions might result in lower metric values than expected 
from response to the single gradient. Biotic metrics 
and disturbance gradients were log-transformed when 
necessary to improve normality and equalize variances. 
Metrics that passed the range and responsiveness tests 
were tested for redundancy. Pairs of metrics with 
product-moment correlation coefficients Jri 2 0.7 
were considered redundant and the least responsive 
metric of the pair was eliminated. 

Scoring ranges were defined for each metric using 
techniques described in Hughes and others (1998), 
McCormick and others (2001), and Klemm and others 
(200.3). Metrics were scored on a 0-10 scale using sta
tistical properties of the raw metric values from both 
reference and nonreference sites to define upper and 
lower thresholds. For positive metrics (those that in
crease as disturbance decreases), any site with a metric 
value equal to or greater than the 80th percentile of 
reference sites received a score of 10; any site with a 
metric value equal to or less than the lOth percentile of 
the nonreference sites received a score of 0; these 
thresholds were reversed for negative metrics (20th 
percentile of reference and 90th percentile of nonre
ference). In both cases, the remaining range of inter
mediate metric values was divided equally and assigned 
scores of 1 through 9. Before assembling the B-IBI, we 
tested whether any of the final metrics were signifi
cantly different between chaparral and mountain ref
erence sites in the southern California coastal region, 
in which case they would require separate scoring 
ranges in the B-IB!. Finally, an overall B-IBI score was 
calculated for each site by summing the constituent 
metric scores and adjusting the B-IBI to a 100-point 
scale. 

A009995 



Table 2. The 61 BMI metrics screened for use in the SoCal 181 

Disturbance variables 

Total 
Channel Bank Percent Dissolved Total Total Range 

Candidate metrics U_index_W Pagt_W Purb_L RdDens_L Alteration Stability Fines Solids Phosphorus Nitrogen Test 

Taxonomic group metrics 

Coleoptera richness* M w M s s - - - - - p 

Crustacea + Mollusca richness - - - - - - - - - - F 
Di ptera richness - - - - - - - - - - p 
Elmidae richness w - w M s M s M - - F 
Ephemerellidae richness s M M s - M F 
Ephemeroptera richness s s M s w M s s - s p 

EPT richness* s s s s s s s s - s p 

Hydropsychidae richness - - w - s - - - - - F 

l> Percent Amphipoda individuals - - - - - - - - - - p 

~ Percent Baetidae individuals - - - - w - - - - - p 

s Percent Chironomidae individuals - - - - - - - - M - p 
Percent Corbicula individuals - - - - - - - - - - p 

(J) Percent Crustacea individuals - - - - - - - - - - p 
(I) Percent Diptera individuals - w - - - - - - - - p 

tO Percent Elmidae individuals - - - w M s s w - M p (/) 
0 m Percent Ephemeroptera individuals - w w - M w - - - - p c 
~ 

Percent EPT indh~duals - - M M M M - - - - p CD 

Percent Gatropoda individuals - - - w - - - - - - p 3 
Percent Glossosomatidae individuals - - - - w - - - - M F 0 

~ Percent Hydropsychidae individuals - - - M w M - - - - p 0 
Percent Hydroptilidae individuals - - - M - w - - - - F 3 
Percent Mollusca individuals - - - w w - - - - - p o;· 
Percent non-Baetis/Fallceon w w - M w M - - w - p S" 
Ephemeroptera individuals 

0.. 
CD 
X 

Percent non-Hydropsyche - - - M w w - - - - F 9.. 
Hydropsychidae individuals llJ 

Percent non-Hydropsyche/Cheumatopsyche w w - M w M M w - - p §: 
Trichoptera individuals a· 

Percent non-insect Taxa* M w M M w - - - w M F ::J ro 
Percent Oligochaeta individuals - - - p (Q - - - - w - - ~ 

Percent Perlodidae individuals - - - w w - - - - - F ~ 
Percent Plecoptera individuals - - - M M M M M w s p 

Percent Rhyacophilidae individuals - - - w s s w - - M F 
Percent Simuliidae individuals - w - w s w - - - p 
Percent Trichoptera w - - M M M M w w - p 

.j::::. 
Plecoptera richness M s w M w w M s - s F CD 
Total taxa richness M M w s w w w w w M p -...J 
Trichoptera richness s s s s s M s w - w p 



'\ 

Table 2. Continued. ~ 
CD 

Disturbance variables CD 

Total 
Channel Bank Percent Dissolved Total Total Range 

Candidate metrics U_index_W Pagt_W Purb_L RdDens_L Alteration Stability Fines Solids Phosphorus Nitrogen Test 
:u 

Functional feeding metrics :n 

Collector (filt:erers) richness w - M (' s M w - F 0 "' Q_ 
Collector (gathet·ers) richness - - - -- - - - w p <D 

Ill 
Percent collector (filterer) + collectol· M - - ,. - w - M w M p :cJ ,, 

0. 
(gatherer) individuals* 0 s: 

Percent collector (filterer) individuals - - - w M M w - p <D 
{j) 

Percent collector (gatherer) individuals - - - w M - w M w p 

Percent predator individuals - - w M - - p 
Percent scraper individuals w w - M M w w - - p 
Percent scraper minus snails individuals - - w - w - p 

Percent shredder individuals - - - w w - - - - p 
j} 

Predator richness* s s M s M p s w w - - -

r,g Scraper richness s M M s s s s s s p 

w Shredder richness M M - M s - - M F 

(j) Tolerance metrics 

Ul Average tolerance value M w w 
,, 

.w - M p ,, w 
.....,J Intolerant EPT richness M w w M s - s s - s p 

Intolerant taxa tichness M w w .M s M s s - s p 
Percent intolerant Diptera individuals - - - -- - - - - - F 

Percent intolerant individuals* M w - M s M M s M p 

Percent intolerant scraper individuals - - w M w w w - - p 
Percent of intolerant Ephemeroptera individuals - w w w w - p 
Percent of intolerant Trichoptera individuals - w - -- w w w w - p 
Percent sensitive EPT indh~duals w w M M M M M w M p 
Percent tolerant individuals - - - - w w - - p 

Percent tolerant taxa* w w M - - - w M p 
) 

Tolerant taxa tichness - - - M - - p 

Others 

Percent dominant taxon - - - - - - - p 

Shannon Diversity Index w w w M M w - w w w p 

Note: Each metdc is indicated as having either no response(-), weak response (w), moderate response (M), or strong response (S) to each of eleven minimally con·elated disturbance vadables 
and whether each metdc passed (P) or failed (F) the range test. The final seven minimally con·elated metdcs are indicated with an astedsk (*). 
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Table 3. Scoring ranges for seven component metrics in the SoCal 8-181 

%Collector %Intolerant 
Coleoptera EPT taxa Predator individuals individuals 

Metric taxa taxa % Noninsect %Tolerant 
score (all sites) 6 8 (all sites) 6 8 6 8 taxa (all sites) taxa (all sites) 

10 >5 >17 >18 >12 0-59 0-39 25-100 42-100 0-8 0-4 
9 16-17 17-18 12 60-63 40-46 23-24 37-41 9-12 5-8 
8 5 15 16 11 64-67 47-52 21-22 32-36 13-17 9-12 
7 4 13-14 14-15 10 68-71 53-58 19-20 27-31 18-21 13-16 
6 11-12 13 9 72-75 59-64 16-18 23-26 22-25 17-19 
5 3 9-10 11-12 8 76-80 65-70 13-15 19-22 26-29 20-22 
4 2 7-8 10 7 81-84 71-76 10-12 14-18 30-34 23-25 
3 5-6 8-9 6 85-88 77-82 7-9 10-13 35-38 26-29 
2 4 7 5 89-92 83-88 4-6 6-9 39-42 30-33 
1 2-3 5-6 4 93-96 89-94 1-3 2-5 43-46 34-37 
0 0 0-1 0-4 0-3 97-100 95-100 0 0-1 47-100 38-100 

Note: Three mellics have sepamte seating mnges for the two Omernik Level III ecoregions in southern coastal Califomia region (6 = chaparral 
and oak woodlands, 8 = Sou them Califomia mountains). 

Validation of 8-181 and Measurement of 
Performance Characteristics 

To Lest whether the distribution of B-IBI scores in 
reference and test sites might have resulted from 
chance, we compared score distributions in the devel
opment set to those in the validation set. We also 
investigated a separate performance issue that ambient 
bioassessment studies often neglect: spatial variation at 
the reach scale. Although our use of a validation 
dataset tests whether the B-IB! scoring range is 
repeatable (Fore and others 1996; McCormick and 
others 2001), we designed a separate experiment to 
explicitly measure index precision. Four sites were re
sampled in May 2003. At each site, nine riffles were 
sampled following the CSBP, and material from ran
domly selected riffles was combined into three repli
cates of three riffles each. B-IBI scores were then 
calculated for each replicate. Variance among these 
replicates was used to calculate the minimum detect
able difference (MDD) between two B-IBI scores based 
on a two-sample t-test model (Zar 1999). The index 
range can be divided by the MDD to estimate the 
number of stream condition categories detectable by 
the B-IBI (Doberstein an<;! others 2000; Fore and others 
2001 ). 

Results 

Combining Datasets 

Unmodified CSBP samples (900 count) had sig
nificantly higher biotic condition scores (I= -6.974, P 
< 0.0001) than did USFS samples (500 count). How
ever, there was no difference in biotic condition 
scores between USFS samples and CSBP samples that 

were randomly subsampled to reduce the 900 count 
to 500 (t= -0.817, P= 0.416). Thus, data from both 
targeted-riffle protocols were combined in B-IBI 
development. 

Selected Metrics 

Ten nonredundant stressor gradients were selected 
for metric screening: percent watershed unnatural, 
percent watershed in agriculture, percent local wa
tershed in urban, road density in local watershed, 
qualitative channel alteration score, qualitative bank 
stability score, percent fine substrates, total dissolved 
solids, total nitrogen, and total phosphorous. Twenty
three biotic metrics that passed the first two screens 
(range and dose response) were analyled for redun
dancy with Pearson product-moment correlation, and 
a set of seven minimally correlated metrics was selected 
for the B-IBI: percent collector-gatherer + collector
filterer individuals (% collectors), percent noninsect 
taxa, percent tolerant taxa, Coleoptera richness, pred
ator richness, percent intolerant individuals, and EPT 
richness (Table 3). All metrics rejected as redundant 
were derived from taxa similar to those of selected 
metrics, but they had weaker relationships with stressor 
gradients. Dose-response relationships of the selected 
metrics to the 10 minimally correlated stressor vari
ables are shown in Figure 2 and reasons for rejection 
or acceptance of all metrics are listed in Table 2. 
Regression coefficients were significant at the P :::; 
0.0001 level among all seven selected metrics and at 
least two stressor gradients: percent watershed un
natural and road density in local watershed (Table 4). 
The final seven metrics included several metric types: 
richness, composition, tolerance measures, and func-
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Figure 2. Scatterplo ts of dose-response relationships among 10 stressor gradients and 7 macro invertebrate me tries (lines 
represent linear "best-fit" relationships; see text for abbreviations). 

Table 4. Significance levels of linear regression relationships among 10 stressor metrics and 7 biological 
metrics 

Coleoptera Predator %Collector %Intolerant % Noninsect %Tolerant 
Metric taxa EPT taxa taxa individuals individuals taxa taxa 

Bank Stability 0.813 <0.0001 0.3132 0.0009 0.0001 0.1473 0.0013 
Fines 0.0017 <0.0001 0.0171 0.0003 <0.0001 <0.0001 <0.0001 
Chan_Alt <0.0001 <0.0001 <0.0001 0:0003 <0.0001 <0.0001 <0.0001 
Log_U_Index_ W <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Log_PAgT_W 0.0007 <0.0001 0.0004 0.0054 0.0014 <0.0001 0.0012 
Log_PUrb_L 0.0367 0.0007 0.0344 0.6899 0.0045 0.0002 0.0215 
Log RclDens_L <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Log_TDS 0.0094 <0.0001 0.0035 0.0005 <0.0001 0.0271 0.004 
Log_Tot_N 0.0019 <0.0001 <0.0001 0.0078 0.0019 <0.0001 <0.0001 
Log_Tot_P 0.062 <0.0001 0.0085 0.0162 0.0001 0.0018 0.0059 

Note: Significant ?-values corrected for 70 simultaneous comparisons (P < 0.0007) are highlighted in bold. Abbreviations are defined in Table I 
and in the texl. 

tiona! feeding groups. Because there are only seven 
metrics in the B-IBI, final scores calculated using this 
IBI are multiplied by 1.43 to adjust the scoring range to 
a 100-point scale. 

The B-IBI scores were lower in chaparral reference 
sites than in mountain reference sites when calculated 
using unadjusted metric scores (Mann-Whitney Utest; 
P = 0.02). Although none of the final seven metrics 
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Figure 3. Box plots of B-IB I site scores for reference and test 
groups showing B-IBI scoring categories: (a) development 
sites and (b) validation sites. Dotted lines indicate condition 
category boundaries and heavy dotted lines indicate impair
ment thresholds. 

were significantly different between chaparral refer
ence sites and mountain reference sites at the P= 0.05 
level (P < 0.007 after Bonferroni correction), scores for 
three metrics (EPT richness, percent collector-gatherer 
+ collector-filterer individuals, and percent intolerant 
individuals) were substantially lower in chaparral re
ference sites than in mountain reference sites. We ad
justed for this difference. by creating separate scoring 
scales for the three metrics in the two ecoregions 
(Table 3). There was no difference in B-IBI scores be
tween reference sites in the two ecoregions after the 
acUustment (Mann-vVhitney Utest, P= 0.364). 

Validation of 8-181 and Measurement of 
Performance Characteristics 

The distribution of B-IBI scores at reference and 
nonreference sites was nearly identical between the 
development and validation data sets (Figure 3), indi
cating that our characterization of reference condi-
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tions and subsequent B-IBI scoring was repeatable and 
not likely due to chance. Based on a two-sample !-test 
model (setting ex = 0.05 and p = 0.20), the MDD for the 
SoCal IBI is 13.1. Thus, we have an 80% chance of 
detecting a 13.1-point difference between sites at the 
P = 0.05 level. Dividing the 100-point B-IBI scoring 
range by the MDD indicates that the SoCal B-IBI can 
detect a maximum of seven biological condition cate
gories, a result similar to or more precise than other 
recent estimates of B-IBI precision (Barbour and oth
ers 1999; Fore and others 2001). We used a statistical 
criterion (two standard deviations below the mean 
reference site score) to define the boundary between 
"fair" and "poor" conditions, thereby setting B
IBI = 39 as an impairment threshold. The scoring 
range below 39 was divided into two equal condition 
categories, and the range above 39 was divided into 
three equal condition categories: 0-19 = "very poor", 
20-39 = "poor", 40-59 = "fair", 60-79 ="good", and 
80-100 ="very good" (Figure 3). 

We ran two principle components analyses (PCAs) 
on the environmental stressor values used for testing 
metric responsiveness: 1 that included all 275 sites for 
which we calculated 4 watershed scale stressor values 
and another based on 124 sites for which we had 
measurements of 9 of the 10 minimally correlated 
stressor variables. We plotted B-IBI scores as a function 
of the first multivariate stressor axis from each PCA. We 
log-transformed percent watershed unnatural, percent 
watershed in agriculture, percent local watershed in 
urban, road density in local watershed, total nitrogen, 
and total phosphorous. Only PCA Axis 1 was significant 
in either analysis, having eigenvalues larger than those 
predicted from the broken-stick model (McCune and 
Grace 2002). In both PCA.s, the B-IBI score decreased 
with increasing human disturbance (Figure 4) and was 
correlated (Spearman p) with PCA Axis 1 (r= -0.652, 
P < 0.0001 for all 275 sites; r = -0.558, P ::;; 0.0001 for 
124 sites). In the analysis of all 275 sites, all 4 wa
tershed-scale stressors had high negative loadings, with 
percent watershed unnatural and local road density 
being the highest (Figure 5a). In the analysis of 124 
sites, percent watershed unnatural, percent watershed 
in agriculture, and local road density had the highest 
negative loadings on the first axis, and channel alter
ation had the highest positive loading (Figure 4b). 

Finally, we found no relationship between B-IBI 
scores and ecoregion (Mann-Whitney U, P= 0.364), 
Julian date (K = 0.01, P= 0.349), watershed area 
(!?? = 0.002, P= 0.711), or elevation (!?? = O.Gl, 
P = 0.349), indicating that the B-IBI scoring is robust 
with respect to these variables (Figure 5). Our ecore
gion scoring adjustment probably corrects for the 
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Figure 4. Scatterplots of SoCal B-IBI scores against two 
composite stressor axes from PCA: (a) values for all 275 sites; 
composite axis includes 4 land-use gradients; (b) values for 
124 sites; composite axis includes 9 local and watershed scale 
stressor gradients. 

strongest elevation effects, but there is no evidence that 
B-IBI scores are related to elevation differences within 
each ecoregion. 

Discussion 

The SoCal B-IBI is the most comprehensive assess
ment to dale of freshwater biological integrity in Cali
fornia. As in other Mediterranean climate regions, the 
combination of aridity, geology, and high-amplitude 
cycles of seasonal flooding and drying in southern 
coastal California makes its streams and rivers particu
larly sensitive to disturbance (Gasith and Resh 1999). 
This sensitivity, coupled with the burgeoning human 
population and vast conversion of natural landscapes 
to agriculture and urban areas, has made it the focus of 
both state and federal attempts to maintain the eco
logical integrity of these strained aquatic resources. 

Unfortunately, growing interest in biomonitoring is 
unmatched by financial resources available for this 
monitoring. Thus, combination of data among pro
grams is very desirable, although this goal is rarely 
achieved in practice. We demonstrated that macroin
vertebrate bioassessment data from multiple agencies 
could be successfully combined to produce a regional 
index that is useful to all agencies involved. This index 

is easy to apply, its fundamental assumptions are 
transparent, it provides precise condition assessments, 
and it is demonstrated to be responsive to a wide range 
of anthropogenic stressors. The index can also be ap
plied throughout a long index period (mid-spring to 
mid-fall): Just as biotic factors tend to have more 
influence on assemblage structure during the summer 
dry period of Mediterranean climates than during the 
wet season when abiotic factors dominate (Cooper and 
others 1986; Gasith and Resh 1999), it is likely that our 
biotic index is more sensitive to anthropogenic stres
sors during the summer dry period. Because of these 
qualities, we expect the SoCal B-IBI to be a practical 
management tool for a wide range of water quality 
applications in the region. 

This B-IBI is a regional adaptation of an approach to 
biotic assessment developed by Karr (1981) and sub
sequently extended and refined by many others (Ker
ans and Karr 1994; Barbour and others 1996; Fore and 
others 1996; Hughes and others 1998). We drew 
heavily upon recent refinements in multimetric index 
methodology that improve the objectivity and defensi
bility of these indices (McCormick and others 2001; 
Klemm and others 2003). A central goal of bioassess
ment is to select metrics that maximize .the detection of 
anthropogenic stress while minimizing the noise of 
natural variation. One of the most important recent 
advances in B-IBI methods is the emphasis on quanti
tative screening tools for selecting appropriate metrics. 
We also minimized sources of redundancy in the 
analysis: (1) between· watershed and local-scale stressor 
gradients for dose-response screening of biotic metrics 
and (2) in the final selection of metrics. The former 
guards against a B-IBI that is biased toward a set of 
highly correlated stressors and is, therefore, of limited 
sensitivity; the latter assures a compact B-IBI with 
component metrics that contribute independent 
information about stream conciition. Combined with 
an assessment of responsiveness to specific regional 
disturbance gradients, these screening tools minimize 
the variability ofB-IBI scores and improve its sensitivity. 

The seven component metrics used in this B-IBI are 
similar to those selected for other B-IBis (DeShon 
1995; Barbour and others 1995, 1996; Fore and others 
1996; Klemm and others 2003), but some of the met
rics are either unique or are variations on other ·com
monly used metrics. Like Klemm and others (2003), we 
found noninsect taxa to be responsive to human 
stressors, but richness was more responsive than per
cent of individuals. Some authors have separated the 
EPT metric into two or three metrics based on its 
component orde~s because the orders provided unique 
signals (Clements 1994; Fore and others 1996; Klemm 
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Figure 5. Relationship between B-IBI scores at 88 reference 
siLes and (a) Omernik Level III ecoregion, (b) Julian date, (c) 
log watershed area, and (d) elevation. 

and others 2003), but we found very similar patterns in 
these orders' response to various stressors we mea
sured. To our knowledge, Coleoptera richness has not 
previously been included in a B-IBI, but beetle taxa 
might be a good indicator of the effects of fine sedi
ments at impaired sites in this region (Brown 1973). A 
recent study of benthic assemblages in North Africa 
noted a high correspondence between EPT and EPTC 
(EPT +Coleoptera) (Beauchard and others 2003), but 
these orders were not highly correlated in our dataset. 
Feeding groups appear less often in B-IBis than other 
metric types (Klemm and others 2003), but they were 
represented by two metrics in this B-IBI: predator 
richness and percent collectors (gatherers and filterers 
combined). Scraper richness was also responsive, but 
was rejected here because it was highly correlated with 
EPT richness. 

The SoCal IBI should prove useful as a foundation 
for stale and regional ambient water quality moni
toring programs. Because the 75 EMAP sites were 
selected using a probabilistic statistical design, it will 
also be possible to use those samples to estimate the 
percentage of stream miles that are in "good", "fair", 
and "poor" condition in the southern California 
coastal region. These condition estimates, combined 
with stressor association techniques, have great po
tential to serve as a scientifically defensible basis for 
allocating precious monitoring resources in this re
gion. 
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FOREWORD 

In December 1986, U.S. EPA's Assistant Administrator for Water initiated a major study of the 
Agency's surface water monitoring activities. The resulting report, entitled "Surface Water 
Monitoring: A Framework for Change" (U.S. EPA 1987), emphasizes the restructuring of existing 
monitoring progran1s to better address the Agency's current priorities, e.g., toxics, nonpoint source 
impacts, and documentation of" environmental results." The study also provides specific 
recommendations on effecting the necessary changes. Principal among these are: 

1. To issue guidance on cost-effective approaches to problem identification and trend assessment. 

2. To accelerate the development and application of promising biological monitoring techniques. 

In response to these recommendations, the Assessment and Watershed Protection Division developed 
the rapid bioassessment protocols (RBPs) designed to provide basic aquatic life data for water quality 
management purposes such as problem screening, site ranking, and trend monitoring, and produced a 
document in 1989 (Plafkin et al. 1989). Although none of the protocols were meant to provide the 
rigor of fully comprehensive studies, each was designed to supply pertinent, cost-effective information 
when applied in the appropriate context. 

-~· 

As the technical guidance for biocriteria has been developed by EPA, states have found these protocols 
useful as a framework for their monitoring programs. This document was meant to have a self
corrective process as the science advances; the implementation by state water resource agencies has 
contributed to refinement of the original RBPs for regional specificity. This revision reflects the 
advancement in bioassessment methods since 1989 and provides an updated compilation of the most 
cost-effective and scientifically valid approaches. 
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DEDICATION 

All of us who have dealt with the evaluation and diagnosis of perturbation to our aquatic resources owe 
an immeasurable debt of gratitude to Dr. James L. Plajldn. In addition to developing the precursor to 
this document in 1989, Jim was a driving force within EPA to increase the use ofbiology in the water 
pollution control program until his untimely death on Febmary 6, 1990, Throughout his decade-long 
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control programs. Jim will be remembered for his love of life, his enthusiasm, and his wit. As a small 
token of our esteem, we dedicate tllis revised edition of the RBPs to 11is memory. 
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1 
THE CONCEPT OF RAPID 

BIOASSESSMENT 

1.1 PURPOSE OF THE DOCUMENT 

The primary purpose of this document·is to describe a 
practical technical reference for conducting cost-effective 
biological assessments of lotic systems. The protocols 
presented are not necessarily intended to replace those already 
in use for bioassessment nor is it intended to be used as a 
rigid protocol without regional modifications. Instead, they 
provide options for agencies or groups that wish to implement 

Biological assessment is an 
evaluation of the condition of a 
waterbody using biological surveys 
and other direct measurements of 
the resident biota in surface waters. 

rapid biological assessment and monitoring techniques. This guidance, therefore, is intended to provide 
basic, cost-effective biological methods for states, tribes, and local agencies that (1) have no 
established bioassessment procedures, (2) are looking for alternative methodologies, or (3) may need to 
supplement their existing programs (not supersede other bioassessment approaches that have already 
been successfully implemented). 

The Rapid Bioassessment Protocols (RBPs) are essentially a synthesis of existing methods that have 
been employed by various State Water Resource Agencies (e.g., Ohio Environmental Protection 
Agency [EPA], Florida Department of Environmental Protection [DEP], Delaware Department of 
Natural Resources and Environmental Control [DNREC], Massachusetts DEP, Kentucky DEP, and 
Montana Department of Environmental Quality [DEQ]). Protocols for 3 aquatic assemblages (i.e., 
periphyton, benthic macroinvertebrates, fish) and habitat assessment are presented. All of these 
protocols have been tested in streams in various parts of the country. The choice of a particular 
protocol should depend on the purpose of the bioassessment, the need to document conclusions with 
confrrmational data, and available resources. The original Rapid Bioassessment Protocols were 
designed as inexpensive screening tools for determining if a stream is supporting or not supporting a 
designated aquatic life use. The basic information generated from these methods would enhance the 
coverage ofbroad geographical assessments, such as State and National305(b) Water Quality 
Inventories. However, members of a 1986 benthic Rapid Bioassessment Workgroup and reviewers of 
this document indicated that the Rapid Bioassessment Protocols can also be applied to other program 
areas, for example: 

· Characterizing the existence and severity of impairment to the water resource 

Helping to identify sources and causes of impairment 

Evaluating the effectiveness of control actions and restoration activities 

Supporting use attainability studies and cumulative impact assessments 

Characterizing regional biotic attributes of reference conditions 

Therefore, the scope of this guidance is considered applicable to a wider range of planning and 
management purposes than originally envisioned, i.e., they may be appropriate for priority setting, 
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point and nonpoint-source evaluations, use attainability analyses, and trend monitoring, as well as 
initial screening. 

1.2 HISTORY OF THE RAPID BIOASSESSMENT PROTOCOLS 

In the mid-1980's, the need for cost-effective biological Slfl'Vey teclmiques was realized because of 
rapidly dwindling resources for monitoring and assessment and the extensive miles ofun-assessed 
stream miles in the United States. It was also recognized that the biological data needed to make 
informed decisions r!=llevant to the Nation's waters were greatly lacldng across the country. It was 
further recognized that it was cmcial to collect, compile, analyze, and interpret envirom11ental data 
rapidly to facilitate management decisions and resultant actions for control and/or mitigation of 
impairment. Therefore, the principal conceptual underpinnings of the RBPs were: 

Cost-effective, yet scientifically valid, procedures for biological surveys 

! Provisions for multiple site investigations in a field season 

Quick tum-arotmd of results for management decisions 

Scientific reports easily translated to management and the public 

Environmentally-benign procedures. 

The original RBPs were developed in two phases. TI1e first phase centered on the development and 
refinement of the benthic macroinvertebrate protocols. The second phase :involved the addition of 
analogous protocols pertinent to the assessment of fish assemblages. 

The benthic macroinvertebrate protocols were originally developed by consolidating procedures in use 
by various State water quality agencies. In 1985, a survey was conducted to identify States that 
routinely perform screening-level bioassessments and believed that such efforts were important to their 
monitoring programs. Guidance documents and field methods in common use were evaluated in an 
effort to identify successful bioassessment methods that used different levels of effort. Original survey 
materials and information obtained from direct personal contacts were used to develop the draft 
protocols. 

Missouri Department ofNatural Resources (DNR) and Michigan Department ofNatural Resources 
both used an approach upon which the screening protocol (RBP I) in the original document was based. 
The second (RBP II) was more time and labor intensive, incorporating field sampling and family-level 
taxonomy, and was a less intense version ofRBP III. The concept offanuly-level taxonomy was based 
on the approach used by the Virginia State Water Control Board (SWCB) in the late 1980s. The third 
protocol (RBP III) incorporated certain aspects of the methods used by the North Carolina Division of 
Environmental Management (DEM) and the New York Deparhnent ofEnvironn1ental Conseryation 
(DEC) and was the most rigorous of the 3 approaches. 

In response to a number of cmmnents received from State and USEP A personnel on an earlier version 
of the RBPs, a set of fish protocols was also included. Fish protocol V was based on Karr's work 
(1981) with the Index ofBiological Integrity (IBI), Gammon's Index ofWell Being (1980), and 
standard fish population assessment models, coupled with certain modifications for implementation in 
different geographical regions. During the same time period as the development of the RBPs, Ohio 
EPA developed precedent-setting biological criteria using the IBI and Index of Well Being (IWB), as 
well as a benthic macroinvertebrate index, called the Invertebrate Community Index (ICI), and 
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published methods and supporting documentation (Ohio EPA 1987). A substantial database on their 
use for site-specific fish and benthic macroinvertebrate assessments exists, and has been published 
(DeShon 1995, Yoder 1995, Yoder and Rankin 1995a,b). In the intervening years since 1989, several 
other states have followed suit with similar methods (Davis et al. 1996). 

A workgroup of State and USEPA Regional biologists (listed below) was formed in the late 1980's to 
review and refme the original draft protocols. The Rapid Bioassessment Workgroup was convened 
from 1987 through 1989 and included biologists using the State methods described above and 
biologists from other regions where pollution sources and aquatic systems differed from those areas for 
which the draft protocols were initially developed. 

USEPA 
James Plafkin 1, Assessment and Watershed Protection Division (A WPD ), USEP A 
Michael Bilger, USEPA Region I 
Michael Bastian2

, USEPA Region VI 
William Wuerthele, USEP A Region VIII 
Evan Homigl, USEPA Region X 

STATES 
Brenda Sayles, Michigan DNR 
John Howland2

, Missouri DNR 
Robert Bode, New York DEC 
David Lenat, North Carolina DEM 
Michael Shelor, Virginia SWCB 
Joseph Ball, Wisconsin DNR 

The original RBPs (Plafkin et al. 1989) have been widely distributed and extensively tested across the 
United States. Under the direction of Chris Faulkner, Monitoring Branch of A WPD the A WPD of 
USEP A, a series of workshops has been conducted across the Nation since 1989 that have been 
directed to training and discussions on the concept and approach to rapid bioassessment. As a result of 
these discussions and the opportunity of applying the techniques in various stream systems, the 
procedures have been improved and refined, while maintaining the basic concept of the RBPs. This 
document reflects those improvements and serves as an update to USEPA's Rapid Bioassessment 
Protocols. 

1.3 ELEMENTS OF TIDS REVISION 

Refinements to the original RBPs have occurred from regional testing and adaptation by state agency 
biologists and basic researchers. The original concept of large, composited samples, and multimetric 
analyses has remained intact for the aquatic assemblages, and habitat assessment has remained integral 
to the assessment. However, the specific methods for benthic macroinvertebrates have been refined, 
and protocols for periphyton surveys have been added. A section on conducting performance-based 
evaluations, i.e., determining the precision and sensitivity of methods, to enable sharing of comparable 
data despite certain methodological differences has been added. Various technical issues, e.g., the 

deceased 
2 no longer with state agency or USEP A department relevant to water resource assessments of 

ecosystem health. 
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testing of subs amp ling, selection of index period, selection and calibration of biological metrics for 
regional application have been refined since 1989. Many of these technical issues, e.g., development of 
reference condition, selection of index period and seiection/calibration of metrics, have been discussed 
in other documents and sources (Barbour et al. 1995, Gibson et al. 1996, Barbour et al. 1996a). This 
revision draws upon the original RBPs (Plafkin et al. 1989) as well as numerous other sources that 
detail relevant modifications. This document is a compilation of the basic approaches to conducting 
rapid bioassessment in streams and wadeable rivers and focuses on the periphyton, benthic 
macroinvertebrates, and fish assemblages and assessing the quality of the physical habitat structure. 
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THE CONCEPT OF RAPID 

1 BIOASSESSMENT ----------
1.1 PURPOSE OF THE DOCUMENT 

The primary purpose of this document is to describe a 
practical technical reference for conducting cost-effective 
biological assessments of lotic systems. The protocols 
presented are not necessarily intended to replace those already 
in use for bioassessment nor is it intended to be used as a 
rigid protocol without regional modifications. Instead, they 
provide options for agencies or groups that wish to implement 

Biological assessment is an 
evaluation of the condition of a 
waterbody using biological surveys 
and other direct measurements of 
the resident biota in surface waters. 

rapid biological assessment and monitoring techniques. This guidance, therefore, is intended to provide 
basic, cost-effective biological methods for states, tribes, and local agencies that (1) have no 
established bioassessment procedures, (2) are looking for alternative methodologies, or (3) may need to 
supplement their existing programs (not supersede other bioassessment approaches that have already 
been successfully implemented). 

The Rapid Bioassessment Protocols (RBPs) are essentially a synthesis of existing methods that have 
been employed by various State Water Resource Agencies (e.g., Ohio Environmental Protection 
Agency [EPA], Florida Departri:J.ent of Environmental Protection [DEP], Delaware Department of 
Natural Resources and Environmental Control [DNREC], Massachusetts DEP, Kentucky DEP, and 

. Montana Department of Environri:J.ental Quality [DEQ]). Protocols for 3 aquatic assemblages (i.e., 
periphyton, benthic macroinvertebrates, fish) and habitat assessment are presented. All of these 
protocols have been tested in streams in various parts of the country. The choice of a particular 
protocol should depend on the purpose of the bioassessment, the rieed to document conclusions with 
conf11TII.ational data, and available resources. The original Rapid Bioassessment Protocols were 
designed as inexpensive screening tools for determining if a stream is supporting or not supporting a 
designated aquatic life use. The basic information generated from these methods would enhance the 
coverage ofbroad geographical assessments, such as State and National305(b) Water Quality 
Inventories. However, members of a 1986 benthic Rapid Bioassessment Workgroup and reviewers of 
this document indicated that the Rapid Bioassessment Protocols can also be applied to other program 
areas, for example: 

Characterizing the existence and severity of impairment to the water resource 

Helping to identify sources and causes of impairment 

Evaluating the effectiveness of control actions and restoration activities 

Supporting use attainability studies and cumulative impact assessments 

Characterizing regional biotic attributes of reference conditions 

Therefore, the scope of this guidance is considered applicable to a wider range of planning and 
management purposes than originally envisioned, i.e., they may be appropriate for priority setting, 
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point and nonpoint-source evaluations, use attainability analyses, and trend monitoring, as well as 
initial screening. 

1.2 HISTORY OF THE RAPID BIOASSESSMENT PROTOCOLS 

In the mid-1980's, the need for cost-effective biological survey techniques was realized because of 
rapidly dwindling resources for monitoring and assessment and the extensive miles of tm-assessed 
stream miles in the United States. It was also recognized that the biological data needed to make 
infonned decisions relevant to the Nation's waters were greatly lacking across the country. It was 
further recognized that it was crucial to collect, compile, analyze, and interpret enviromnental data 
rapidly to facilitate management decisions and resultant actions for control and/or mitigation of 
impairment. Therefore, the principal conceptual undetpinnings of the RBPs were: 

Cost-effective, yet scientifically valid, procedures for biological surveys 

Provisions for multiple site investigations in a field season 

Quick tum-around of results for management decisions 

Scientific reports easily translated to management and the public 

Enviromnentally-benign procedures. 

The original RBPs were developed in two phases. The first phase centered on the development and 
refmement of the benthic macroinvertebrate protocols. The second phase involved the addition of 
analogous protocols pertinent to the assessment of fish assemblages. 

The benthic macroinvertebrate protocols were originally developed by consolidating procedures in use 
by various State water quality agencies. In 1985, a survey was conducted to identify States that 
routinely perfonn screening-level bioassessments and believed that such efforts were important to their 
monitoring programs. Guidance documents and field methods in common use were evaluated in an 
effort to identify successful bioassessment methods that used different levels of effort. Original survey 
materials and information obtained from direct personal contacts were used to develop the draft 
protocols. 

Missouri Department of Natural Resources (DNR) and Michigan Department of Natural Resources 
both used an approach upon which the screening protocol (RBP I) in the original document was based. 
The second (RBP II) was more time and labor intensive, incorporating field san1pling and family-level 
taxonomy, and was a less intense version ofRBP ill. The concept offanuly-level taxonomy was based 
on the approach used by the Virginia State Water Control Board (SWCB) in the late 1980s. The third 
protocol (RBP ill) incorporated certain aspects of the methods used by the North Carolina Division of 
Environmental Management (DEM) and the New York Department ofEnviromnental Conservation 
(DEC) and was the most rigorous of the 3 approaches. 

In response to a number of comments received from State and USEP A persom1el on an earlier version 
of the RBPs, a set of fish protocols was also included. Fish protocol V was based on Karr's work 
(1981) with the h1dex ofBiological Integrity (IBI), Ga111111on's Index ofWell Being (1980), and 
standard fish population assessment models, coupled with certain modifications for implementation in 
different geographical regions. During the same time period as the development of the RBPs, Ohio 
EPA developed precedent-setting biological criteria using the IBI and Index of Well Being (IWB), as 
well as a benthic macroinvertebrate index, called the Invertebrate Community Index (ICI), and 
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published methods and supporting documentation (Ohio EPA 1987). A substantial database on their 
use for site-specific fish and benthic macroinvertebrate assessments exists, and has been published 
(DeShon 1995, Yoder 1995, Yoder and Rankin 1995a,b). In the intervening years since 1989, several 
other states have followed suit with similar methods (Davis et al. 1996). 

A workgroup of State and USEPA Regional biologists (listed below) was formed in the late 1980's to 
review and refme the original draft protocols. The Rapid Bioassessment Workgroup was convened 
from 1987 through 1989 and included biologists using the State methods described above and 
biologists from other regions where pollution sources and aquatic systems differed from those areas for 
which the draft protocols were initially developed. 

USEPA 
James Plafkin1

, Assessment and Watershed Protection Division (A WPD ), USEP A 
Michael Bilger, USEPA Region I 
Michael Bastian2

, USEPA Region VI 
William Wuerthele, USEP A Region VIII 
Evan Homigl, USEPA Region X 

STATES 
Brenda Sayles, Michigan DNR 
John Howland2

, Missouri DNR 
Robert Bode, New York DEC 
David Lenat, North Carolina DEM 
Michael Shelor, Virginia SWCB 
Joseph Ball, Wisconsin DNR 

The original RBPs (Plafkin et al. 1989) have been widely distributed and extensively tested across the 
United States. Under the direction of Chris Faulkner, Monitoring Branch of A WPD the A WPD of 
USEP A, a series of workshops has been conducted across the Nation since 1989 that have been 
directed to training and discussions on the concept and approach to rapid bioassessment. As a result of 
these discussions and the opporturrity of applying the techniques in various stream systems,. the 
procedures have been improved and refmed, while maintaining the basic concept of the RBPs. This 
document reflects those improvements and serves as an update to USEP A's Rapid Bioassessment 
Protocols. 

1.3 ELEMENTS OF TIDS REVISION 

Refmements to the original RBPs have occurred from regional testing and adaptation by state agency 
biologists and basic researchers. The original concept of large, composited samples, and multimetric 
analyses has remained intact for the aquatic assemblages, and habitat assessment has remained integral 
to the assessment. However, the specific methods for benthic macroinvertebrates have been refined, 
and protocols for periphyton surveys have been added. A section on conducting performance-based 
evaluations, i.e., determining the precision and sensitivity of methods, to enable sharing of comparable 
data despite certain methodological differences has been added. Various technical issues, e.g., the 

deceased 
2 no longer with state agency or USEP A department relevant to water resource assessments of 

ecosystem health. 
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testing ofsubsa:mpling, selection of index period, selection and calibration ofbiological metrics for 
regional application have been refined since 1989. Many of these technical issues, e.g., development of 
reference condition, selection of index period and selection/calibration of :metrics, have been discussed 
in other documents and sources (Barbour et al. 1995, Gibson et al. 1996, Barbour et al. 1996a). This 
revision draws upon the original RBPs (Plafkin et al. 1989) as well as munerous other sources that 
detail relevant modifications. This document is a compilation of the basic approaches to conducting 
rapid bioassessment in streams and wadeable rivers and focuses on the periphyton, benthic 
macroinvertebrates, and fish assemblages and assessing the quality of the physical habitat structure. 
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APPLICATION OF RAPID BIOASSESSMENT 

2 PROTOCOLS {RBPS) --------------
2.1 A FRAMEWORK FOR IMPLEMENTING THE RAPID 

BIOASSESSMENT PROTOCOLS 

The Rapid Bioassessment Protocols advocate im integrated assessment, comparing habitat (e.g., physi
cal structure, flow regime), water quality and biological measures with empirically defmed reference 
conditions (via actual reference sites, historical data, and/or modeling or extrapolation). Reference 
conditions are best established through systematic monitoring of actual sites that represent the natural 
range of variation in "minimally" disturbed water chemistry, habitat, and biological conditions (Gibson 
et al. 1996). Of these 3 components of ecological integrity, ambient water chemistry may be the most 
difficult to characterize because of the complex array of possible constituents (natural and otherwise) 
that affect it. The implementation framework is enhanced by the development of an empirical 
relationship between habitat quality and biological condition that is refined for a given region. As addi
tional information is obtained from systematic monitoring of potentially impacted and site-specific 
control sites, the predictive power of the empirical relationship is enhanced. Once the relationship 
between habitat and biological potential is understood, water quality impacts can be objectively 
discriminated from habitat effects, and control and rehabilitation efforts can be focused on the most 
important source of impairment. 

2.2 CHRONOLOGY OF TECHNICAL GUIDANCE 

A substantial scientific foundation was required before the USEP A could endorse a bioassessmerit 
approach that was applicable on a national basis and that served the purpose of addressing impacts to 
surface waters from multiple stressors (see Stribling et al. 1996a). Dr. James Karr is credited for his 
innovative thiriking and research in the mid-1970's and early 1980's that provided the formula for 
developing bioassessment strategies to address issues mandated by the Clean Water Act. The USEP A 
convened a few key workshops and conferences during a period from the mid-1970's to mid-1980's to 
provide an initial forum to discuss aspects of the role ofbiological indicators and assessment to the 
integrity of surface water. These workshops and conferences were attended by National scientific 
authorities who contributed immensely to the current bioassessment approaches advocated by the 
USEP A. The early RBPs benefitted from these activities, which fostered attention to biological 
assessment approaches. The RBPs embraced the multimetric approach described in the IBI (see Karr 
1981, Karr et al. 1986) and facilitated the implementation ofbioassessment into monitoring programs 
across the country. 

Since the publication of the original RBPs in 1989, U.S. Environmental Protection Agency (USEPA) 
has produced substantial guidance and documentation on both bioassessment strategies and 
implementation policy on biological surveys and criteria for water resource programs. Much of this 
effort was facilitated by key scientific researchers who argued that bioassessment was crucial to the 
underpinnings of the Clean Water Act. The work of these researchers that led to these USEP A 
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documents resulted in the national trend of adapting biological assessment and monitoring approaches 
for detecting problems, evaluating Best Management Practices (BMPs) for mitigation of nonpoint 
source impacts, and monitoring ecological health over tin1e. The chronology of the crucial USEPA 
guidance, since the mid-1980's, relevant to bioassessment in strean1s and rivers is presented in Table 2-
1. (See Chapter 11 [Literature Cited] for EPA document mm1bers.) 

Table 2-1. Chronology of USEPA bioassessment guidance (relevant to streams and rivers). 

Year Document Title Relationship to Bioassessment Citation 

1987 Surface Water Monitoring: A Framework for USEP A calls for efficacious methods to assess and USEPA 
Change determine the ecological health ofthenation's 1987 

surface waters. 

1988 Proceedings of the First National Workshop on USEPA brings together agency biologists and USEPA 
Biological Crit~ria (Lincolnwood, Illinois) "basic" researchers to establish a framework for the 1988 

initial development of biological criteria and 
associated biosurvey methods. 

1989 Rapid Bioassessment Protocols for Use in The initial development of cost-effective methods Plafkin et 
Streams and Rivers: Benthic Macroinvertebrates in response to the mandate by USEPA (1987), al. 1989 
and Fish which are to provide biological data on a national 

scale to address the goals of the Clean Water Act. 

1989 Regionalization as a Tool for Managing USEP A develops the concept of ecoregions and Gallant et 
Environmental Resources partitions the contiguous U.S. into homogeneous al. 1989 

regions of ecological similarity, providing a basis 
for establishment of regional reference conditions. 

1990 Second National Symposium on Water Quality USEPA holds a series of National Water Quality USEPA 
Assessment: Meeting Summary Symposia. In this second symposium, biological 1990a 

monitoring is introduced as an effective means to 
evaluating the quality of water resources. 

1990 Biological Criteria: National Program Guidance The concept of biological criteria is described for USEPA 
for Surface Waters implementation into state water quality programs. 1990b 

The use ofbiocriteria for evaluating attainment of 
"aquatic life use" is discussed. 

1990 Macroinvertebrate Field and Laboratory Methods This USEP A document is a compilation of the Klemm et 
for Evaluating the Biological Integrity of Surface current "state-of-the-art" field and laboratory al. 1990 
Waters methods used for surveying benthic 

macroinvertebrates in all surface waters (i.e., 
streams, rivers, lakes, and estuaries). 

1991 Biological Criteria: State Development and The status of biocriteria and bioassessment USEPA 
Implementation Efforts programs as of 1990 is summarized here. 1991a 

1991 Biological Criteria Guide to Technicai Literature A limited literature survey of relevant research USEPA 
papers and studies is compiled for use by state 1991b 
water resource agencies. 

1991 Teclmical Support Document for Water USEP A describes the approach for implementing USEPA 
Quality-Based Taxies Control water quality-based taxies control of the nation's 1991c 

surface waters, and discusses the value of 
integrating three monitoring tools, i.e., chemical 
analyses, toxicity testing, and biological surveys. 

1991 Biological Criteria: Research and Regulation, This national symposium focuses on the efficacy of USEPA 
Proceedings of the Symposium implementing biocriteria in all surface waters, and 1991d 

the proceedings documents the varied applicable 
approaches to bioassessments. 
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Table 2-1. Chronology of USEP A bioassessment guidance (relevant to streams and rivers) (Continued). 

Year Document Title Relationship to Bioassessment 

1991 Report of the Ecoregions Subcommittee of the The SAB (Sci~nce Advismy Board) reports 
Ecological Processes and Effects Committee favorably that the use of ecoregions is a useful 

framework for assessing regional fauna and flora. 
Ecoregions become more widely viewed as a basis 
for establishing regional reference conditions. 

1991 Guidance for the Implementation of Water The establishment of the TMDL (total maximum 
Quality-Based Decisions: The TMDL Process daily loads) process for cumulative impacts 

(nonpoint and point sources) supports the need for 
more effective monitoring tools, including 
biological and habitat assessments. 

1991 Design Report for EMAP, the Environmental USEPA's Environmental Monitoring and 
Monitoring and Assessment Program Assessment Program (EMAP) is designed as a 

rigorous national program for assessing the 
ecological status of the nation's surface waters. 

1992 Procedures for Initiating Narrative Biological A discussion of the concept and rationale for 
Criteria establishing narrative expressions ofbiocriteria is 

presented in this USEP A document. 

1992 Ambient Water-Quality Monitoring in the U.S. Provide first-year summary of task force efforts to 
First Year Review, Evaluation, and develop and recommend framework and approach 
Recommendations for improving water resource quality monitoring. 

1993 Fish Field and Laboratory Methods for A compilation of the current "state-of-the-art" field 
Evaluating the Biological Integrity of Surface . and laboratory methods used for surveying the fish 
Waters assemblage and assessing fish health is presented 

in this document. 

1994 Surface Waters and Region 3 Regional USEP A focuses its EMAP program on streams and 
Environmental Monitoring and Assessment wadeable rivers and initiates an approach iri a pilot 
Program: 1994 Pilot Field Operations and study in the Mid-Atlantic Appalachian mountains. 
Methods Manual for Streams 

1994 Watershed Protection: TMDL Note #2, USEP A describes the value and application of 
Bioassessment and TMDLs bioassessment to the TMDL process. 

1994 Report of the Interagency Biological Methods Summary and results of workshop designed to 
Workshop coordinate monitoring methods among multiple 

objectives and states. [Sponsored by the USGS] 

1995 Generic Quality Assurance Project Plan USEP A develops guidance for quality assurance 
Guidance for Programs Using Conununity Level and quality control for biological survey programs. 
Biological Assessment in Wadeable Streams and 
Rivers 

1995 The Strategy for Improving Water Quality An Intergovernmental Task Force (ITFM) 
Monitoring in .the United States: Final Report of comprised of several federal and state agencies 
the Intergovernmental Task Force on Monitoring draft a monitoring strategy intended to provide a 
Water Quality cohesive approach for data gathering, integration, 

and interpretation. 

1995 The Strategy for Improving Water Quality Various issue papers are compiled in these 
Monitoring in the United States: Final Report of technical appendices associated with ITFM's final 
the Intergovernmental Task Force on Monitoring report. 
·Water Quality, Technical Appendices 
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Table 2-1. Chronology ofUSEPA bioassessment guidance (relevant to streams and rivers) (Continued). 

Year Document Title Relationship to Bioassessment Citation 

. 1995 Environmental Monitoring and Assessment A revision and update of the 1994 Methods Manual Klemm 
Program Surface Waters: Field Operations and forEMAP. and 
Methods for Measuring the Ecological Condition Lazorchak 
ofWadeable Streams 1995 

1996 Biological Assessmeni Methods, Biocriteria, and USEPA compiles a comprehensive literature survey Stribling 
Biological Indicators: Bibliography of Selected of pertinent research papers and studies for eta!. 
Tecluiical, Policy, and Regulatory Literature biological assessment methods. This document is 1996a 

expanded .and updated from USEPA 1991b. 

1996 Summary of State Biological Assessment The status ofbioassessment and biocriteria Davis et 
Programs for Wadeable Streams and Rivers programs in state water resource programs is a!. 1996 

summarized in this document, providing an update 
ofUSEPA 1991a. 

1996 Biological Criteria: Technical Guidance for Technical guidance for development ofbiocriteria Gibson et 
Streams and Small Rivers for streams and wadeable rivers is provided as a a!. 1996 

follow-up to the Program Guidance (USEP A 
199Gb). This technical guidance serves as a 
framework for developing guidance for other 
surface water types. 

1996 The Volunteer Monitor's Guide to Quality USEP A develops guidance for quality assurance for USEPA 
Assurance Project Plans citizen monitoring programs. 1996a 

1996 Nonpoint Source Monitoring and Evaluation USEP A describes how biological survey methods USEPA 
Guide are used in nonpoint-source investigations, and 1996b 

explains the value of biological and habitat 
assessment to evaluating BMP implementation and 
identifying impairment. 

1996 Biological Criteria: Technical Guidance for USEP A describes and define different statistical Reckhow 
Survey Design and Statistical Evaluation of approaches for biological data analysis and and 
Biosurvey Data development ofbiocriteria. Warren-

Hicks 
1996 

1997 Estuarine/Near Coastal Marine Waters USEP A provides technical guidance on biological USEPA 
Bioassessment and Biocriteria Technical assessment methods and biocriteria development 1997a 
Guidance for estuarine and near coastal waters. 

1997 Volunteer Stream Monitoring: A Methods USEP A provides guidance for citizen monitoring USEPA 
Manual groups to use biological and habitat assessment 1997b 

methods for monitoring streams. These methods 
are based in part on the RBPs. 

1997 Guidelines for Preparation of Comprehensive USEP A provides guidelines for states for preparing USEPA 
State Water Quality Assessments (305[b] 305(b) reports to Congress. 1997c 
reports) 

1997 Biological Monitoring and Assessment: Using An explanation of the value, use, and scientific Karr and 
Multimetric Indexes Effectively principles associated with using a multimetric Chu 1999 

approach to bioassessment is provided by Drs. Karr 
and Chu. 

1998 Lake and Reservoir Bioassessment and USEP A provides technical guidance on biological USEPA 
Biocriteria Technical Guidance Document assessment methods and biocriteria development 1998 

for lakes and reservoirs. 
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Year Document Title Relationship to Bioassessment Citation 

1998 Environmental Monitoring and Assessment A revision and update of the 1995 Methods Manual Lazorchak 
Program Surface Waters: Field Operations and forEMAP. et al. 1998 
Methods for Measuring the Ecological Condition 
of Wadeable Streams 

2.3 PROGRAMMATIC APPLICATIONS OF BIOLOGICAL DATA 

States (and tribes to a certain extent) are responsible for identifying water quality problems, especially 
those waters needing Total Maximum Daily Loads (TMDLs), and evaluating the effectiveness of point 
and nonpoint source water quality controls. The biological monitoring protocols presented in this 
guidance document will strengthen a state's monitoring program if other bioassessment and monitoring 
techniques are not already in place. An effective and thorough biological monitoring program can help 
to improve reporting (e.g., 305(b) reporting), increase the effectiveness of pollution prevention efforts, 
and docilment the progress of mitigation efforts. This section provides suggestions for the application 
of biological monitoring to wadeable streams and rivers through existing state programs. 

2.3.1 CWA Section 305(b)-Water Quality Assessment 

Section 305(b) establishes a process for reporting information about the quality of the Nation's water 
resources (USEPA 1997c, USEPA 1994b ). States, the District of Columbia, territories, some tribes, 
and certain River Basin Commissions have developed programs to monitor surface and ground waters 
and to report the current status of water quality biennially to USEP A. This information is compiled 
into a biennial National Water Quality Inventory report to Congress. 

Use ofbiological assessment in section 305(b) reports helps to defme an understandable endpoint of 
relevance to society-the biological integrity ofwaterbodies. Many of the better-known and widely 
reported pollution cleanup success stories have involved the recovery or reappearance of valued sport 
fish and other pollution-intolerant species to systems from which they had disappeared (USEPA 1980). 
Improved coverage of biological integrity issues, based on monitoring protocols with clear 
bioassessment endpoints, will make the section 305(b) reports more accessible and meaningful to many 
segments of the public. 

Biological monitoring provides data that augment several of the section 305(b) reporting requirements. 
In particular, the following assessment activities and reporting requirements are enhanced through the 
use of biological monitoring information: 

Determine the status of the water resource (Are the designated/beneficial and aquatic 
life uses being met?). 

Evaluate the causes of degraded water resources and the relative contributions of 
pollution sources. 

Report on the activities underway to assess and restore water resource integrity. 

Determine the effectiveness of control and mitigation programs. 

Rapid Bioassessment Protocols for Use in Streams and Wadeable Rivers: Periphyton, Benthic 
Macro invertebrates, and Fish, Second Edition 2-5 



Measure the success of watershed management plans. 

2.3.2 CWA Section 319-Nonpoint Source Assessment 

The 1987 Water Quality Act Amendments to the Clean Water Act (CWA) added section 319, which 
established a national program to.assess and control nonpoint source (NPS) pollution. Under tllis 
program, states are asked to assess their NPS pollution problems and submit tl1ese assessments to 
USEP A. The assessments include a list of "navigable waters witllin tl1e state wllich, without additional 
action to control nonpoint source of pollution, cmmot reasonably be expected to attain or maintain 
applicable water quality standards or the goals atld requirements of this Act." Other activities under 
the section 319 process require the identification of categories at1d subcategories ofNPS pollution tlmt 
contribute to the impainnent of waters, descriptions of tl1e procedures for identifying and implementing 
BMPs, control measures for reducing NPS pollution, m1d descriptions of state and local programs used 
to abate NPS pollution. Based on the assessments, states have prepared nonpoint source management 
progran1s. 

Assessment of biological condition is the most effective means of evaluating cumulative impacts from 
nonpoint sources, which may involve habitat degradation, chenlical contmnination, or water withdrawal 
(Karr 1991). Biological assessment techniques can improve evaluations ofnonpoint source pollution 
controls (or the combined effectiveness of current point and nonpoint source controls) by comparing 
biological indicators before and after implementation of controls. Likewise, biological attributes can be 
used to measure site-specific ecosystem response to remediation or mitigation activities aimed at 
reducing nonpoint source pollution in1pacts or response to pollution prevention activities. 

2.3.3 Watershed Protection Approach 

Since 1991, USEPA has been promoting the Watershed Protection Approach (WPA) as a framework 
for meeting the Nation's remaining water resource challenges (USEPA 1994c ). USEPA's Office of 
Water has taken steps to reorient and coordinate point source, nonpoint source, surface waters, 
wetlm1ds, coastal, ground water, and drinking water programs in support of the watershed approach. 
USEPA has also promoted multi-organizational, multi-objective watershed management projects across 
the Nation. 

The watershed approach is an integrated, inclusive strategy for more effectively protecting and 
mmmging surface water m1d ground water resources and acllieving broader environmental protection 
objectives using the naturally defmed hydrologic mlit (the watershed) as the integrating management 
unit. Thus, for a given watershed, the approach encompasses not only the water resource, such as a 
stream, river, lake, estuary, or aquifer, but all the land from which water drains to the resource. The 
watershed approach places emphasis on all aspects of water resource quality-physical (e.g., 
temperature, flow, nlixing, habitat); chemical (e.g., conventional and toxic pollutants such as nutrients 
m1d pesticides); and biological (e.g., health m1d integrity of biotic communities, biodiversity). 

As states develop their Watershed Protection Approach (WP A), biological assessment at1d monitoring 
offer a mem1s of conducting comprehensive evaluations of ecological status and improvements from 
restoration/rehabilitation activities. Biological assessment integrates the condition of the watershed 
from tributaries to mainstem through the exposure/response of indigenous aquatic communities. 

2-6 Chapter 2: Application of Rapid Bioassessmerit Protocols (REPs) 

A0:10034 



2.3.4 CW A Section 303( d)-The TMDL Process 

The technical backbone of the WPA is the TMDL process. A total maximum daily load (TMDL) is a 
tool used to achieve applicable water quality standards. The TMDL process quantifies the loading 
capacity of a waterbody for a given stressor and ultimately provides a quantitative scheme for 
allocating loadings (or external inputs) among pollutant sources (USEP A 1994a). In doing so, the 
TMDL quantifies the relationships among sources, stressors, recommended controls, and water quality 
conditions. For example, a TMDL might mathematically show how a specified percent reduction of a 
pollutant is necessary to reach the pollutant concentration reflected in a water quality standard. 

Section 303( d) of the CWA requires each state to establish, in accordance with its priority rankings, 
the total maximum daily load for each waterbody or reach identified by the state as failing to meet, or 
not expected to meet, water quality standards after imposition of technology-based controls. In 
addition, TMDLs are vital elements of a growing number of state programs. For example, as more 
permits incorporate water quality-based effluent limits, TMDLs are becoming an increasingly 
important component of the point-source control program. 

TMDLs are suitable for nonchemical as well as chemical stressors (USEPA 1994a). These include all 
stressors that contribute to the failure to meet water quality standards, as well as any stressor that 
presently threatens but does not yet impair water quality. TMDLs are applicable to waterbodies 
impacted by both point and nonpoint sources. Some stressors, such as sediment deposition or physical 
alteration of instream habitat, might not clearly fit traditional concepts associated with chemical 
stressors and loadings. For these nonchemical stressors, it might sometimes be difficult to develop 
TMDLs because oflimitations in the data or in the technical methods for analysis and modeling. In the 
case of nonpoint source TMDLs, another difficulty arises in that the CW A does not provide well
defmed support for regulatory control actions as it does for point source controls, and controls based 
on another statutory authority might be necessary. 

Biological assessments and criteria address the cumulative impacts of all stressors, especially habitat 
degradation, and chemical contamination, which result in a loss of biological diversity. Biological 
information can help provide an ecologically based assessment of the status of a waterbody and as such 
can be used to decide which waterbodies need TMDLs (USEPA 1997c) and aid in the ranking process 
by targeting waters for TMDL development with a more accurate link between bioassessment and 
ecological integrity. 

Finally, the TMDL process is a geographically-based approach to preparing load and wasteload 
allocations for sources of stress that might impact waterbody integrity. The geographic nature of this · 
process will be complemented and enhanced if ecological regionalization is applied as part of the 
bioassessment activities. Specifically, similarities among ecosystems can be grouped into 
homogeneous classes of streams and rivers that provides a geographic framework for more efficient 
aquatic resource management. 

2.3.5 CW A Section 402-NPDES Permits and Individual Control Strategies 

All point sources of wastewater must obtain a National Pollutant Discharge Elimination System 
(NPDES) permit (or state equivalent), which regulates the facility's discharge of pollutants. The 
approach to controlling and eliminating water pollution is focused on the pollutants determined to be 
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ham'lful to receiving waters and on the sources of such pollutants. Authority for issuing NPDES 
pennits is established under Section 402 of the CWA (USEPA 1989). 

Point sources are generally divided into two types-industrial and municipal. Nationwide, there are 
approximately 50,000 industrial sources, which include commercial and manufacturing facilities. 
Municipal sources, also known as publicly owned treatment works (POTWs), munber about 15,700 
nationwide. Wastewater from municipal sources results from domestic wastewater discharged to 
POTWs, as well as the "indirect" discharge of industrial wastes to sewers. In addition, stormwater 
may be discrete or diffuse, but is also covered by NPDES permitting regulations. 

USEPA does not recommend the use of biological survey data as the basis for deriving an effluent limit 
for an NPDES pennit (USEPA 1994d). Unlike chemical-specific water quality analyses, biological 
data do not measure the concentrations or levels of chemical stressors. Instead, they directly measure 
the impacts of any and all stressors on the resident aquatic biota. Where appropriate, biological 
assessment can be used within the NPDES process (USEPA 1994d) to obtain information on the status 
of a waterbody where point sources might cause, or contribute to, a water quality problem. In 
conjunction with chemical water quality and whole-effluent toxicity data, biological data can be used to 
detect previously unmeasured chemical water quality problems and to evaluate the effectiveness of 
implemented controls. 

Some states have already demonstrated the usefulness of biological data to indicate the need for 
additional or more stringent permit limits (e.g., sole-source discharge into a stream where there is no 
significant nonpoint source discharge, habitat degradation, or atmospheric deposition) (USEP A 
1994d). In these situations, the biological fmdings triggered additional investigations to establish the 
cause-and-effect relationship and to determine the appropriate limits. In this manner, biological data 
support regulatory evaluations and decision malcing. Biological data can also be useful in monitoring 
highly variable or diffuse sources of pollution that are treated as point sources such as wet-weather 
discharges and stormwater runoff (USEPA 1994d). Traditional chemical water quality monitoring is 
usually only minimally infom1ative for these types of point source pollution, and a biological survey of 
their impact might be critical to effectively evaluate these discharges and associated treatment 
measures. 

2.3.6 Ecological Risk Assessment 

Risk assessment is a scientific process that includes stressor identification, receptor characterization 
and endpoint selection, stress-response assessment, and risk characterization (USEPA 1992, Suter et 
al. 1993). Risk management is a decision-making process that involves all the human-health and 
ecological assessment results, considered with political, legal, economic, and ethical values, to develop 
and e11force environmental standards, criteria, and regulations (Maughan 1993). Risk assessment can 
be performed on an on-site basis or can be geographically-based (i.e., watershed or regional scale), and 
it can be used to assess human health risks or to identify ecological impairments. In early 1997, a 
report prepared by a Presidential/Congressional Conmlission on risk enlarged the context of risk to 
include ecological as well as public health risks (Karr and Chu 1997). 

Biological monitoring is the essential foundation of ecological risk assessment because it measures 
present biological conditions -not just chemical contamination- and provides the means to compare 
them with the conditions expected in the absence of humans (Karr and Chu 1997). Results of regional 
bioassessment studies can be used in watershed ecological risk assessments to develop broad scale 
(geographic) empirical models ofbiological responses to stressors. Such models can then be used, in 
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combination with exposure information, to predict risk due to stressors or to alternative management 
actions. Risks to biological resources are characterized, and sources of stress can be prioritized. 
Watershed risk managers can and should use such results for critical management decisions. 

2.3.7 USEPA Water Quality Criteria and Standards 

The water quality standards program, as envisioned in Section 303(c) of the Clean Water Act, is a joint 
effort between the states and USEP A. The states have primary responsibility for setting, reviewing, 
revising, and enforcing water quality standards. USEP A develops regulations, policies, and guidance 
to help states implement the program and oversees states' activities to ensure that their adopted 
standards are consistent with the requirements of the CW A and relevant water quality standards 
regulations (40 CFR Part 131). USEPA has authority to review and approve or disapprove state 
standards and, where necessary, to promulgate federal water quality standards. 

A water quality standard defmes the goals of a waterbody, or a portion thereof, by designating the use 
or uses to be made of the water, setting criteria necessary to protect those uses, and preventing 
degradation of water quality through antidegradation provisions. States adopt water quality standards 
to protect public health or welfare, enhance the quality of water, and protect biological integrity. 

Chemical, physical, or biological stressors impact the biological characteristics of an aquatic 
ecosystem (Gibson et al. 1996). For example, chemical stressors can result in impaired functioning or 
loss of a sensitive species and a change in community structure. Ultimately, the number and intensity 
of all stressors within an ecosystem will be evidenced by a change in the condition and function of the 
biotic communit-y. The i.J.1teractions a..uong chemical, physical, and biological stressors ru!d their 
cumulative impacts emphasize the need to directly detect and assess the biota as indicators of actual 
water resource impairments. 

Sections 303 and 304 of the CW A require states to protect biological integrity as part of their water 
quality standards. This can be accomplished, in part, through the development and use of biological 
criteria. As part of a state or tribal water quality standards prograrri, biological criteria can provide 
scientifically sound and detailed descriptions of the designated aquatic life use for a specific waterbody 
or segment. They fulfill an important assessment function in water quality-based programs by 
establishing the biological benchmarks for (1) directly measuring the condition of the aquatic biota, (2) 
determining water quality goals and setting priorities, and (3) evaluating the effectiveness of 
implemented controls and management actions. 

Biological criteria for aquatic systems provide an evaluation benchmark for direct assessment of the 
condition of the biota that live either part or all of their lives in aquatic systems (Gibson .et al. 1996) by 
describing (in narrative or numeric criteria) the expected biological condition of a minimally impaired 
aquatic community (USEP A 1990b ). They can be used to defme ecosystem rehabilitation goals and 
assessment endpoints. Biological criteria supplement traditional measurements (for example, as 
backup for hard-to-detect chemical problems) and will be particularly useful in assessing impairment 
due to nonpoint source pollution and nonchemical (e.g., physical and biological) stressors. Thus, 
biological criteria fulfill a function missing from USEP A's traditionally chemical-oriented approach to 
pollution control and abatement (USEPA 1994d). 

Biological criteria can also be used to refine the aquatic life use classifications for a state. Each state 
develops its own designated use classification system based on the generic uses cited in the CW A, 
including protection and propagation of fish, shellfish, and wildlife. States frequently develop 
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subcategories to refine and clarify designated use classes when several surface waters with distinct 
characteristics fit within the same use class or when waters do not fit well into any single category. As 
data are collected from biosurveys to develop a biological criteria program, analysis may reveal unique 
and consistent differences between aquatic communities that inhabit different waters with the same 
designated use. Therefore, measurable biological attributes can be used to refine aquatic life use or to 
separate 1 class of aquatic life into 2 or more subclasses. For example, Ohio has established an . 
exceptional warmwater use class to include all unique waters (i.e., not representative of regional 
st1'ean1s and different from their standard wru.n1water class). 
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3 
ELEMENTS OF BIOMONITORING 

3.1 BIOSURVEYS, BIOASSAYS, AND CHEMICAL MONITORING 

The water quality-based approach to pollution assessment requires various types of data. Biosurvey 
techniques, such as the Rapid Bioassessment Protocols (RBPs), are best used for detecting aquatic life 
impainnents and assessing their relative severity. Once an impainnent is detected, however, additional 
ecological data, such as chemical and biological (toxicity) testing is helpful to identify the causative 
agent, its source, and to in1plement appropriate mitigation (USEP A 1991 c). Integrating information 
from these data types as well as from habitat assessments, hydrological investigations, and knowledge 
ofland use is helpful to provide a comprehensive diagnostic assessment ofin1pacts from the 5 principal 
factors (see Karr et al. 1986, Karr 1991, Gibson et al. 1996 for description of water quality, habitat 
structure, energy s<:mrce, flow regime, and biotic interaction factors). Following mitigation, biosurveys 
are important for evaluating the effectiveness of such control measures. Biosurveys may be used within 
a planning and management framework to prioritize water quality problems for more stringent 
assessments and to document "environmental recovery" following control action and rehabilitation 
activities. Some of the advantages of using biosurveys for this type of monitoring are: 

Biological communities reflect overall ecological integrity (i.e., chemical, physical, and 
biological integrity). Therefore, biosurvey results directly assess the status of a 
waterbody relative to tl1e prin1ary goal of the Clean Water Act (CWA). 

Biological communities integrate the effects of different stressors and thus provide a 
broad measure of their aggregate impact. 

Communities integrate the stresses over time and provide an ecological measure of 
fluctuating environmental conditions. 

Routine monitoring of biological communities can be relatively inexpensive, 
particularly when compared to the cost of assessing toxic pollutants, either chemically 
or with toxicity tests (Ohio EPA 1987). 

The status of biological communities is of direct interest to the public as a measure of 
a pollution free environment. 

Where criteria for specific ambient impacts do not exist (e.g., nonpoint-source impacts 
that degrade habitat), biological communities may be tl1e only practical means of 
evaluation. 

Biosurvey methods have a long-standing history of use for "before and after" monitoring. However, the 
intermediate steps in pollution control, i.e., identifying causes and limiting sources, require integrating 
information of various types-chemical, physical, toxicological, and/or biosurvey data. These data are 
needed to: 
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Identify the specific stress agents causing impact: This may be a relatively simple task; but, given 
the array of potentially important pollutants (and their possible combinations), it is likely to be both 
difficult and costly. In situations where specific chemical stress agents are either poorly understood or 
too varied to assess individually, toxicity tests can be used to focus specific chemical investigations or 
to characterize generic stress agents (e.g., whole effluent or ambient toxicity). For situations where 
habitat degradation is prevalent, a combination of biosurvey and physical habitat assessment is most 
useful (Barbour and Stribling 1991). 

Identify and limit the specific sources of these agents: Although biosurveys can be used to help 
locate the likely origins of impact, chemical analyses and/or toxicity tests are helpful to confirm the 
point sources and develop appropriate discharge limits. Impacts due to factors other than chemical 
contamination will require different ecological data. 

Design appropriate treatment to meet the prescribed limits and monitor compliance: Treatment 
facilities are designed to remove identified chemical constituents with a specific efficiency. Chemical 
data are therefore required to evaluate treatment effectiveness. To some degree, a biological endpoint 
resulting from toxicity testing can also be used to evaluate the effectiveness of prototype treatment 
schemes and can serve as a design parameter. In most cases, these same parameters are limited in 
discharge permits and, after controls are in place, are used to monitor for compliance. "Where 
discharges are not controlled through a permit system (e.g., nonpoint-source runoff, combined sewer 
outfalls, and dams) compliance must be assessed in terms of ambient standards. Improvement of the 
ecosystem both from restoration or rehabilitation activities are best monitored by biosurvey techniques. 

Effective implementation of the water quality-based approach requires that various monitoring 
techniques be considered within a larger context of water resource management. Both biological and 
chemical methods play critical roles in a successful pollution control program. They should be 
considered complementary rather than mutually exclusive approaches that will enhance overall 
program effectiveness when used appropriately. 

3.2 USE OF DIFFERENT ASSEMBLAGES IN BIOSURVEYS 

The techniques presented in this document focus on the evaluation of water quality (physicochemical 
constituents), habitat parameters, and analysis of the periphyton, benthic macroinvertebrate, and fish 
assemblages. Many State water quality agencies employ trained and experienced benthic biologists, 
have accumulated considerable background data on macroinvertebrates, and consider benthic surveys a 
useful assessment tool. However, water quality standards, legislative mandate, and public opinion are 
more directly related to the status of a waterbody as a fishery resource. For this reason, separate 
protocols were developed for fish and were incorporated as Chapter 8 in this document. The fish 
survey protocol is based largely on Karr's Index of Biotic Integrity (IBI) (Karr 1981, Karr et al. 1986, 
Miller et al. 1988), which uses the structure of the fish assemblage to evaluate water quality. The 
integration of functional and structural/compositional metrics, which forms the basis for the IBI, is a 
common element to the rapid bioassessment approaches. 

The periphyton assemblage (primarily algae) is also useful for water quality monitoring, but has not 
been incorporated widely in monitoring programs. They represent the primary producer trophic level, 
exhibit a different range of sensitivities, and will often indicate effects only indirectly observed in the 
benthic and fish communities. As in the benthic macroinvertebrate and fish assemblages, integration of 
structural/compositional and functional characteristics provides the best means of assessing impairment 
(Rodgers et al. 1979). 
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In selecting the aquatic assemblage appropriate for a particular biomonitoring situation, the advantages 
of using each assemblage must be considered along with the objectives of the program. Some of the 
advantages of using periphyton, benthic macroinvertebrates, and fish in a biomonitoring program are 
presented in tllis section. References for this list are Cairns and Dickson (1971), American Public 
Healtl1 Association et al. (1971), Patrick (1973), Rodgers et al. (1979), Weitzel (1979), Karr (1981), 
USEPA (1983), Hughes et al. (1982), and Plafldn et al. (1989). 

3.2.1 Advantages of Using Periphyton 

Algae generally have rapid reproduction rates and very short life cycles, malcing tl1em 
valuable indicators of short-tenn impacts. 

As primary producers, algae are most directly affected by physical and chemical 
factors. 

Sampling is easy, inexpensive, requires few people, and creates minimal impact to 
resident biota. 

Relatively standard methods exist for evaluation of functional and non-taxonomic 
structural (biomass, chlorophyll measurements) characteristics of algal communities. 

Algal assemblages are sensitive to some pollutants wllich may not visibly affect other 
aquatic assemblages, or may only affect other organisms at higher concentrations (i.e., 
herbicides). 

3.2.2 Advantages of Using Benthic Macroinvertebrates 

Macroinvertebrate assemblages are good indicators of localized conditions. Because 
many benthic macroinvertebrates have limited migration patterns or a sessile mode of 
life, they are particularly well-suited for assessing site-specific impacts (upstream
downstream studies). 

Macroinvertebrates integrate the effects of short-term environmental variations. Most 
species have a complex life cycle of approximately one year or more. Sensitive life 
stages will respond quickly to stress; the overall cotnmunity will respond more slowly. 

Degraded conditions can often be detected by an experienced biologist with only a 
cursory examination of the benthic macroinvertebrate assemblage. Macro
invertebrates are relatively easy to identify to family; many "intolerant" taxa can be 
identified to lower taxonomic levels with ease. 

Benthic macroinvertebrate assemblages are made up of species tl1at constitute a broad 
range of trophic levels and pollution tolerances, tlms providing strong information for 
interpreting cumulative effects. 

Sampling is relatively easy, requires few people and inexpensive gear, and has minimal 
detrimental effect on the resident biota. 
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Benthic macroinvertebrates serve as a primary food source for fish, including many 
recreationally and commercially important species. 

Benthic macroinvertebrates are abundant in most streams. Many small streams (1st 
and 2nd order), which naturally support a diverse macroinvertebrate fauna, only 
support a limited fish fauna. 

Most state water quality agencies that routinely collect biosurvey data focus on 
macroinvertebrates (Southerland and Stribling 1995). Many states already have 
background macroinvertebrate data. Most state water quality agencies have more 
expertise with invertebrates than fish. 

3.2.3 Advantages of Using Fish 

Fish are good indicators of long-term (several years) effects and broad habitat 
conditions because they are relatively long-lived and mobile (Karr et al. 1986). 

Fish assemblages generally include a range of species that represent a variety of 
trophic levels (omnivores, herbivores, insectivores, planktivores, piscivores ). They 
tend to integrate effects of lower trophic levels; thus, fish assemblage structure is · 
reflective of integrated environmental health. 

Fish are at the top of the aquatic food web and are consumed by humans, making them 
important for assessing contamination. 

Fish are relatively easy to collect and identify to the species level. Most specimens can 
be sorted and identified in the field by experienced fisheries professionals, and 
subsequently released unharmed. 

I 
Environmental requirements of most fish are comparatively well known. Life history 
information is extensive for many species, and information on fish distributions is 
commonly available. 

Aquatic life uses (water quality standards) are typically characterized in terms of 
fisheries (coldwater, coolwater, warmwater, sport, forage). Monitoring fish provides 
direct evaluation of"fishability" and "fish propagation", which emphasizes the 
importance of fish to anglers and commercial fishermen. 

Fish account for nearly half of the endangered vertebrate species and subspecies in the 
United States (Warren and Burr 1994). 

3.3 IMPORTANCE OF HABITAT ASSESSMENT 

The procedure for assessing physical habitat quality presented in this document (Chapter 5) is an 
integral component of the final evaluation of impairment. The matrix used to assess habitat quality is 
based on key physical characteristics of the waterbody and surrounding land, particularly the 
catchment of the site under investigation. All of the habitat parameters evaluated are related to overall 
aquatic life use and are a potential source of limitation to the aquatic biota. 
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The alteration of the physical stmcture of the habitat is one of 5 major factors from human activities 
described by Karr (Karr et al. 1986, Karr 1991) that degrade aquatic resources. Habitat, as structured 
by instreru.n and surrounding topographical features, is a major detenninru.1t of aquatic community 
potential (Southwood 1977, Plafkin et al. 1989, and Barbour ru.1d SiTibling 1991). Both the quality and 
quantity of available habitat affect the stmcture and composition of resident biological communities. 
Effects of such features on biological assessment results cru.1 be minimized by sru.11pling similar habitats 
at all stations being compared. However, when all stations are not physically comparable, habitat 
characterization is particularly important for proper interpretation ofbiosurvey results. 

Where physical habitat quality at a test site is similar to that ofa reference, detected impacts can be 
attributed to water quality factors (i.e., chemical contan1ination) or other stressors. However, where 
habitat quality differs substru.1tially from reference conditions, the question of appropriate aquatic life 
use designation and physical habitat alteration/restoration must be addressed. Final conclusions 
regarding the presence ru.1d degree ofbiological impainnent should thus include ru.1 evaluation of habitat 
quality to determine the extent that habitat may be a limiting factor. The habitat characterization 
matrix included in the Rapid Bioassessment Protocols provides ru.1 effective meru.1s of evaluating and 
documenting habitat quality at each biosurvey station. 

3.4 THE REGIONAL REFERENCE CONCEPT 

The issue of reference conditions is critical to the interpretation of biological surveys. Barbour et al. 
(1996a) describe 2types of reference conditions that are currently used in biological surveys: site
specific and regional reference. The former typically consists of measurements of conditions upstreru.n 
of a point source discharge or from a "paired" watershed. Regional reference conditions, on the other 
hand, consist of measurements from a population of relatively unimpaired sites within a relatively 
homogeneous region and habitat type, ru.1d therefore are not site-:-specific. 

The reference condition establishes the basis for making comparisons and for detecting use impaimlent; 
it should be applicable to an individual waterbody, such as a streru.n segn1ent, but also to similar 
waterbodies on a regional scale (Gibson et al. 1996). 

Although both site-specific and ecoregional references represent conditions without the influence of a 
particular discharge, the 2 types of references may not yield equivalent measurements (Barbour et al. 
1996a). While site-specific reference conditions represented by the upstreru.n, downstreru.n, or paired
site approach are desirable, they are limited in their usefulness. Hughes (1995) points out three 
problems with site-specific reference conditions: (1) because they typically lack any broad study 
design, site-specific reference conditions possess limited capacity for extrapolation- they have only 
site-specific value; (2) usually site-specific reference conditions allow limited variance estimates; there 
are too few sites for robust variance evaluations because each site of concern is typically represented 
by one-to-three reference sites; the result could be an incorrect assessment if the upstreru.n site has 
especially good or especially poor habitat or chemical quality; and (3) they involve a substantial 
assessment effort when considered on a statewide basis. 

The advantages of measuring upstream reference conditions are these: (1) if carefully selected, the 
habitat quality is often similar to that measured downstrean1 of a discharge, thereby reducing 
complications in interpretation arising from habitat differences, and (2) in1pairn1ents due to ups.tream 
influences from other point and nonpoint sources are already factored into tl1e reference condition 
(Barbour et al. 1996a). New York DEC has found that ru.1 upstreru.n-downstreru.n approach aids in 
diagnosing cause-and-effect to specific discharges and increase precision (Bode and Novak 1995). 
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Vlhere feasible, effects should be bracketed by establishing a series or network of sampling stations at 
points of increasing distance from the impact source(s). These stations will provide a basis for 
delineating impact and recovery zones. In significantly altered systems (i.e., channelized or heavily 
urbanized streams), suitable reference sites are usually not available (Gibson et al. 1996). In these 
cases, historical data or simple ecological models may be necessary to establish reference conditions. 
See Gibson et al. (1996) for more detail. 

Innate regional differences exist in forests, lands with high agricultural potential, wetlands, and 
waterbodies. These regional differences have been mapped by Bailey (1976), U.S. Department of 
Agriculture (USDA) Soil Conservation Service (1981), Energy, Mines and Resources Canada (1986), 
and Omemik (1987). Waterbodies reflect the lands they drain (Omernik 1987, Hunsaker and Levine 
1995) and it is assumed that similar lands should produce similar waterbodies. This ecoregional 
approach provides robust and ecologically-meaningful regional maps that are based on an examination 
of several mapped land variables. For example, hydrologic unit maps are useful for mapping drainage 
patterns, but have limited value for explaining the substantial changes that occur in water quality and 
biota independent of stream size and river basin. 

Omernik (1987) provided an ecoregional framework for interpreting spatial patterns in state and 
national data. The geographical framework is based on regional patterns in land-surface form, soil, 
potential natural vegetation, and land use, which vary across the country. Geographic patterns of 
similarity among ecosystems can be grouped into ecoregions or subecoregions. Naturally occurring 
biotic assemblages, as components of the ecosystem, would be expected to differ among ecoregions but 
be relatively similar within a given ecoregion. The ecoregion concept thus provides a geographic 
framework for efficient management of aquatic ecosystems and their components (Hughes 1985, 
Hughes et al. 1986, and Hughes and Larsen 1988). For example, studies in Ohio (Larsen et al. 1986), 
Arkansas (Rolun et al. 1987), and Oregon (Hughes et al. 1987, Whittier et al. 1988) have shown that 
distributional patterns of fish communities approximate ecoregional boundaries as defined a priori by 
Omernik (1987). This, in tum, implies that similar water quality standards, criteria, and monitoring 
strategies are likely to be valid throughout a given ecoregion, but should be tailored to accommodate 
the innate differences among ecoregions (Ohio EPA 1987). 

However, some programs, such as EMAP (Klemm and Lazorchak 1994) and the Maryland Biological 
Stream Survey (MBSS) (Volstad et al. 1995) have found that a surrogate measure of stream size 
(catchment size) is useful in partitioning the variability of stream segments for assessment. Hydrologic 
regime can include flow regulation, water withdrawal, and whether a stream is considered intermittent 
or perennial. Elevation has been found to be an important classification variable when using the 
benthic macroinvertebrate assemblage (Barbour et al: 1992, Barbour et al. 1994, Spindler 1996). In 
addition, descriptors at a smaller scale may be needed to characterize streams within regions or classes. 
For example, even though a given stream segment is classified within a subecoregion or other type of 
stream class, it may be wooded (deciduous or coniferous) or open within a perennial or intermittent 
flow regime, and represent one of several orders of stream size. 

Individual descriptors will not apply to all regional reference streams, nor will all conditions (i.e., 
deciduous, coniferous, open) be present in all streams. Those streams or stream segments that 
represent characteristics atypical for that particular ecoregion should be excluded from the regional 
aggregate of sites and treated as a special situation. For example, Ohio EPA (1987) considered aquatic 
systems with unique (i.e., unusual for the ecoregion) natural characteristics to be a separate aquatic life 
use designation (exceptional warmwater aquatic life use) on a statewide basis. 
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Although the final rapid bioassessment guidance should be generally applicable to all regions of the 
United States, each agency will need to evaluate the generic criteria suggested in this document for 
inclusion into specific programs. To tlns end, t11e application of tl1e regional reference concept versus 
t11e site-specific control approach will need to be exan1ined. When Rapid Bioassessment Protocols 
(RBPs) are used to assess impact sources (upstream-downstrean1 studies), regional reference criteria 
may not be as important if an unimpacted site-specific control station can be sampled. However, when 
a synoptic ("snapshot") or trend monitoring survey is being conducted in a watershed or river basin, 
use of regional criteria may be the only means of disceming use impaimlent or assessing impact. 
Additional investigation will be needed to: delineate areas (classes of streams)tl1at differ significantly in 
tl1eir innate biological potential; locate reference sites witl1in each stream class that fully support 
aquatic life uses; develop biological criteria (e.g., define optimal values for tl1e metrics) using data 
generated from each of fue assemblages. 

3.5 STATION SITING 

Site selection for assessment and monitoring can either be "targeted", i.e., re~evant to special studies 
t11at focus on potential problems, or "probabilistic", which provides information of the overall status or 
condition of the watershed, basin, or region. In a probabilistic or random sampling regime, stream 
characteristics may be highly dissimilar among the sites, but will provide a more accurate assessment 
of biological condition throughout the area than a targeted design. Selecting sites randomly provides an 
unbiased assessment oftl1e condition oftl1e waterbody at a scale above tl1e individual site or stream. 
Thus, an agency can address questions at multiple scales. Studies for 305(b) status and trends 
assessments are best done with a probabilistic design. 

Most studies conducted by state water quality agencies for identification of problems and sensitive 
waters are done with a targeted design. In this case, sampling sites are selected based on known 
existing problems, knowledge of upcoming events that will adversely affect the waterbody such as a 
development or deforestation; or installation of BMPs or habitat restoration fuat are intended to 
improve waterbody quality. This method provides assessments of individual sites or stream reaches. 
Studies for aquatic life use dete1111ination and those related to TMDLs can be done with a random 
(watershed or higher level) or targeted (site-specific) design. 

To meaningfully evaluate biological condition in a targeted design, sampling locations must be similar 
enough to have similar biological expectations, which, in tum, provides a basis for comparison of 
impairment. If the goal of an assessment is to evaluate the effects of water chemistry degradation, 
comparable physical habitat should be sampled at all stations, otherwise, the differences in t11e biology 
attributable to a degraded habitat will be difficult to separate from those resulting from chemical 
pollution water quality degradation. Availability of appropriate habitat at each sampling location can 
be established during preliminary reconnaissance. In evaluations where several stations on a 
waterbody will be compared, tl1e station wifu t11e greatest habitat constraints (in terms of productive 
habitat availability) should be noted. The station with the least number of productive habitats available 
will often dete1111ine the type of habitat to be sampled at all sample stations. 

Locally modified sites, such as small impoundments and bridge areas, should be avoided unless data 
are needed to assess tl1eir effects. San1pling near the mouths of tributaries entering large waterbodies 
should also be avoided because these areas will have habitat more typical of the larger waterbody (Karr 
et al. 1986). 

For bioassessment activities where the concem is non-chemical stressors, e.g., the effects of habitat 
degradation or flow alteration, or cumulative impacts, a different approach to station selection is used. 
Physical habitat differences between sites can be substantial for two reasons: (1) one or a set of sites is 
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more degraded (physically) than another, or (2) is unique for the stream class or region due to the 
essential natural structure resulting from geological characteristics. Because of these situations, the 
more critical part of the siting process comes from the recognition of the habitat features that are 
representative of the region or stream class. In basin-wide or watershed studies, sample locations 
should not be avoided due to habitat degradation or to physical features that are well-represented in the 
strean1 class. 

3.6 DATA MANAGEMENT AND ANALYSIS 

USEP A is developing a biological data management system linked to STORET, which provides a 
centralized system for storage of biological data and associated analytical tools for data analysis. The 
field survey file component of STORET provides a means of storing, retrieving, and analyzing 
biosurvey data, and will process data on the distribution, abundance, and physical condition of aquatic 
organisms, as well as descriptions of their habitats. Data stored in STORET become part of a 
comprehensive database that can be used as a reference, to refine analysis techniques or to define 
ecological requirements for aquatic populations. Data from the Rapid Bioassessment Protocols can be 
readily managed with the STORET field survey file using header information presented on the field 
data forms (Appendix A) to identify sampling stations. 

Habitat and physical characterization information may also be stored in the field survey file with 
organism abundance data. Parameters available in the field survey file can be used to store some of the 
environmental characteristics associated with the sampling event, including physical characteristics, 
water quality, and habitat assessment. Physical/chemical parameters include stream depth, velocity, 
and substrate characteristics, as well as many other para.."l!J.eters. STO:RET also allows storage of other 
pertinent station or sample information in the comments section. 

Entering data into a computer system can provide a substantial time savings. An additional advantage 
to computerization is analysis documentation, which is an important component for a Quality 
Assurance/Quality Control (QA/QC) plan. An agency conducting rapid bioassessment programs can 
choose an existing system within their agency or utilize the STORET system developed as a national 
database system. 

Data collected as part of state bioassessment programs are usually entered, stored and analyzed in 
easily obtainable spreadsheet programs. This method of data management becomes cumbersome as the 
database grows in volume. An alternative to spreadsheet programs is a multiuser relational database 
management system (RDMS). Most relational database software is designed for the Windows 
operating system and offer menu driven interfaces and ranges of toolbars that provide quick access to 
many routine database tasks. Automated tools help users quickly create forms for data input and 
lookup, tables, reports, and complex queries about the data. The USEPA is developing a multiuser 
relational database management system that can transfer sampling data to STORET. This relational 
database management system is EDAS (Ecological Data Application System) and allows the user to 
input, compile, and analyze complex ecological data to make assessments of ecosystem condition. 
EDAS includes tools to format sampling data so it may be loaded into STORET as a batch file. These 
batch files are formatted as flat ASCII text and can be loaded (transferred) electronically to STORET. 
This will eliminate the need to key sample data into STORET. 

By using tables and queries as established in EDAS, a user can enter, manipulate, and print data. The 
metrics used in most bioassessments can be calculated with simple queries that have already been 
created for the user. New queries may be created so additional metrics can be calculated at the click of 
the mouse each time data are updated or changed. If an operation on the data is too complex for one of 
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the many default functions then the function can be written in code (e.g., visual basic access) and 
stored in a module for use in any query. Repetitive steps can be handled with macros. As the user 
develops the database other database elements such as forms and reports can be added. 
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Table design is the foundation of the relational database, such as EDAS (Figure 3-1), because they 
function as data containers. Tables are related through tb.e use of a unique identifier or index. In the 
example database "Stationid" links the tables "ChemSamps", "HabSamps", and "BenSamps" to the 
"Stations" table. The chemical parameters and habitat parameters table act as reference tables and 
contain descriptive data (e.g., measurement units, detection limits). This method of storing data is 
more efficient than spreadsheets, because it eliminates a lot of redundant data. Master Taxa tables are 
created for the biological data to contain all relevant information about each taxon. This information 
does not have to be repeated each time a taxon is entered into the database. 

Input or lookup fonns (Figure 3-2) are screens that are designed to aid in entering or retrieving data. 
Forms are linked to tables so. data go to the right cell in the right table. Because of the relationships 
among the tables, data can be updated across all the tables that are linked to the form. Reports can be 
generated in a variety of styles, and data can be exported to other databases or.spreadsheet programs. 

3. 7 TECHNICAL ISSUES FOR SAMPLING THE PERIPHYTON 
ASSEMBLAGE 

3.7.1 Seasonality 

Stream periphyton have distinct seasonal cycles, with peak abundance and diversity typically occurring 
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in late summer or early fall (Bahls 1993). High flows may scour and sweep away periphyton. For 
these reasons, the index period for periphyton sampling is usually late summer or early fall, when 
stream flow is relatively stable (Kentucky DEP 1993, Bahls 1993). 

Algae are light limited, and may be sparse in heavily shaded streams. Early spring, before leafout, may 
be a better sampling index period in shaded streams. 

Finally, since algae have short generation times (one to several days), they respond rapidly to 
environmental changes. San1ples of the algal community are "snapshots" in time, and do not integrate 
environmental effects over entire seasons or years. 

3.7.2 Sampling Methodology 

Artificial substrates (periphytometers) have long been used in algal investigations, typically using glass 
slides as the substrate, but also with glass rods, plastic plates, ceramic tiles and other substances. 
However, many agencies are sampling periphyton from natural substrates to characterize 
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the natural conununity. Advantages of artificial and natural substrates are summarized below (Cairns 
1982, Bal1ls 1993). 

Advantages of Artificial Substrates: 

Artificial substrates allow sample collection in locations that are typically difficult to 
sample effectively (e.g., bedrock, boulder, or shifting substrates; deep or high velocity 
water). 

As a 11passive 11 san1ple collection device, artificial substrates pennit standardized 
sampling by eliminating subjectivity in san1ple collection technique. Direct sampling 
of natural substrate requires similar effort and degree of efficiency for the collection of 
each sample. Use of artificial substrates requires standardization of setting and 
retrieval; however, colonization provides the actual sampling mechanism. 

Confounding effects of habitat differences are :mininllzed by providing a standardized 
microhabitat. Microhabitat standardization may promote selectivity for specific 
organisms if the artificial substrate provides a different microhabitat than that 
naturally available at a site. 
Sampling variability is decreased due to a reduction in microhabitat patchiness, 
improving the potential for spatial and temporal similarity among samples. 

Sample collection using artificial substrates may require less skill and training than 
direct sampling of natural substrates. 

Disadvantages of Artificial Substrates: 

Artificial substrates require a return trip; this may be a significant consideration in 
large states or those with limited technical resources. 

Artificial substrates are prone to loss, natural damage or vandalism. 

The material of the substrate will influence the composition and structure of the 
community; solid artificial substrates will favor attached forms over motile forms and 
compromise the usefulness of the siltation index. 

Orientation and length of exposure of the substrate will influence the composition and 
structure of the community. 

3.8 TECHNICAL ISSUES FOR SAMPLING THE BENTIDC 
MACROINVERTEBRATE ASSEMBLAGE 

3.8.1 Seasonality for Benthic Collections (adapted from Gibson et al. 1996) 

The ideal sampling procedure is to survey the biological community with each change of season, then 
select the appropriate sampling periods that accommodate seasonal variation. Such indexing makes the 
best use of the biological data. However, resident assemblages integrate stress effects over the course 
of the year, and their seasonal cycles of abundance and taxa composition are fairly predictable within 
the limits of interannual variability. 
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Many programs have found that a single index period provides a strong database that allows all of their 
management objectives to be addressed. However, if one goal of a program is to understand seasonal 
variability, then establishing index periods during multiple seasons is necessary. Although a single 

. index period would not likely be adequate for assessing the effects of catastrophic events, such as spill, 
those assessments should be viewed as special studies requiring sampling of reference sites during the 
same time period. 

Ultimately, selection of the appropriate sampling period should be based on 3 factors that reflect efforts 
to: 

1. minimize year-to-year variability resulting from natural events, 

2. maximize gear efficiency, and 

3. maximize accessibility of targeted assemblage. 

Sampling and comparisons of data from the same seasons (or index periods) as the previous year's 
sampling provides some correction and minimization of annual variability. The season of the year 
during which sampling gear is most effective is an important consideration for selecting an index 
period. For example, low flow or freezing conditions may hamper an agency's ability to sample with 
its selected gear. Seasons where those conditions are prevalent should be avoided. The targeted 
assemblage(s) should be accessible and not be inhabiting hard-to-reach portions of the sampling area. 
For example, if benthos are primarily deep in the substrate in winter, beyond normal sampling depth, 
that period should be avoided and another index period chosen. If high flows are typical of spring 
runoff periods, and sampling cannot occur, the index period should be established during typical or low 
flow periods. 

3.8.2 Benthic Sampling Methodology 

The benthic RBPs employ direct sampling of natural substrates. Because routine evaluation of a large 
number of sites is a primary objective of the RBPs, artificial substrates were eliminated from 
consideration due to time required for both placement and retrieval, and the amount of exposure time 
required for colonization. However, where conditions are inappropriate for the collection of natural 
substrate samples, artificial substrates may be an option. The Science Advisory Board (SAB 1993) 
cautioned that the only appropriate type of artificial substrates to be used for assessment are those that 
are "introduced substrates", i.e., substrates that are representative of the natural substrate of the stream 
system, such as rock-filled baskets in cobble- or gravel-bottomed streams. Ohio EPA and Maine DEP, 
are examples of states that use artificial substrates for their water resource investigations (Davis et al. 
1996). 

Advantages and disadvantages of artificial substrates (Cairns 1982) relative to the use of natural 
substrates are presented below. 
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Advantages of Artificial Substrates: 

Artificial substrates allow sample collection in locations that are typically difficult to 
sample effectively (e.g., bedrock, boulder, or shifting substrates; deep or high velocity 
water). 
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As a "passive" sample collection device, artificial substrates permit standardized 
sampling by eliminating subjectivity in sample collection technique. Direct san1pling 
of natural substrate requires similar effort and degree of efficiency for the collection of 
each sample. Use of artificial substrates requires standardization of setting and 
retrieval; however, colonization provides the actual sampling mechanism. 

Confounding effects of habitat differences are minimized by providing a standardized 
microhabitat. Microhabitat standardization may proinote selectivity for specific 
organisms if the artificial substrate provides a different microhabitat than that 
naturally available at a site (see second bullet under Disadvantages below). Most 
artificial Sl:lbstrates, by design, select for the Scraper and Filterer components of the 
benthic assemblages or for Collectors if accumulation of debris has occured in the 
substrates. 

Sampling variability is decreased due to a reduction in microhabitat patchiness, 
improving the potential for spatial and temporal similarity among samples. 

Sample collection using artificial substrates may require less skill and training than 
direct sampling of natural substrates. Depending on the type of artificial substrate 
used, properly trained technicians could place and retrieve the substrates. However, 
an experienced specialist should be responsible for the selection of habitats and sample 
sites. 

Disadvantages of Artificial Substrates: 

Two trips (one to set and one to retrieve) are required for each artificial substrate 
sample; only one trip is necessary for direct sampling of the natural substrate. 
Artificial substrates require along (8-week average) exposure period for colonization. 
This decreases their utility for certain rapid biological assessments. 

I 

Samples may not be fully representative of the benthic assemblage at a station if the 
artificial substrate offers different microhabitats than those available in the natural 
substrate. Artificial substrates often selectively sample certain taxa, misrepresenting 
relative abundances of these taxa in the natural substrate. Artificial substrate samples 
would thus indicate colonization potential rather than the resident co111111unity 
structure. Tlus could be advantageous if a study is designed to isolate water quality 
effects from substrate and other microhabitat effects. Where habitat quality is a 
limiting factor, artificial substrates could be used to discriminate between physical and 
chemical effects and assess a site's potential to support aquatic life on the basis of 
water quality alone. 

Sampler loss or perturbation commonly occurs due to sedimentation, extremely high or 
low flows, or vandalism during the relatively long (at least several weeks) exposure 
period required for colonization. 

Depending on the configuration of the artificial substrate used, transport and storage 
can be difficult. The number of artificial substrate samplers required for sample 
collection increases such inconvetuence. 
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3.9 TECHNICAL ISSUES FOR THE SURVEY OF THE FISH 
ASSEMBLAGE 

3.9.1 Seasonality for Fish Collections 

Seasonal changes in the relative abundances of the fish community primarily occur during reproductive 
periods and (for some species) the spring and fall migratory periods. However, because larval fish 
sampling is not recommended in this protocol, reproductive period changes in relative abundance are 
not of primary importance. 

Generally, the preferred sampling season is mid to late summer, when stream and river flows are 
moderate to low, and less variable than during other seasons. Although some fish species are capable 
of extensive migration, fish populations and individual fish tend to remain in the same area during 
summer (Funk 1957, Gerking 1959, Cairns and Kaesler 1971). The Ohio Environmental Protection 
Agency (1987) stated that few fishes in perennial strean1s migrate long distances. Hill and Grossman 
(1987) found that the three dominant fish species in a North Carolina stream had home ranges of 13 to 
19 meters over a period of 18 months. Ross et al. (1985) and Matthews (1986) found that stream fish 
assemblages were stable and persistent for 10 years, recovering rapidly from droughts and floods 
indicating that substantial population fluctuations are not likely to occur in response to purely natural 
environmental phenomena. However, comparison of data collected during different seasons is 
discouraged, as are data collected during or immediately after major flow changes. 

3.9.2 Fish Sampling Methodology 

Although various gear types are routinely used to sample fish, electrofishing equipment and seines are 
the most commonly used collection methods in fresh water habitats. Each method has advantages and 
disadvantages (Hendricks et al. 1980, Nielsen and Johnson 1983). However, electrofishing is 
recommended for most fish field surveys because of its greater applicability and efficiency. L~cal 
conditions may require consideration of seining as an optional collection method. Advantages and 
disadvantages of each gear type are presented below. 

3.9.2.1 Advantages and Disadvantages ofElectrofishing 
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Advantages of Electrofishing: 

Electrofishing allows greater standardization of catch per unit of effort. 

Electrofishing requires less time and a reduced level of effort than some sampling 
methods (e.g., use ofichthyocides) (Hendricks et al. 1980). 

Electro fishing is less selective than seining (although it is selective towards size and 
species) (Hendricks et al. 1980). (See second bullet under Disadvantages below). 

If properly used, adverse effects on fish are minimized. 

Electrofishing is appropriate in a variety of habitats. 

Disadvantages of Electrofishing: 
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Sampling efficiency is affected by turbidity and conductivity. 

Although less selective than seining, electrofishing is size and species selective. Effects 
of electro fishing increase with body size. Species specific behavioral and anatomical 
differences also detemline vulnerability to electroshocking (Reynolds 1983). 

Electro fishing is a hazardous operation that can injure field persom1el if proper safety 
procedures are ignored. 

3.9.2.2 Advantages and Disadvantages of Seining 

Advantages of Seining: 

Seines are relatively inexpensive. 

Seines are lightweight and are easily transported and stored. 

Seine repair and maintenance are mininlal and can be accomplished onsite. 

Seine use is not restricted by water quality parameters. 

Effects on the fish population are mininlal because fish are collected alive and are 
generally unham1ed. 

Disadvantages of Seining: 

Previous experience and skill, knowledge of fish habitats and behavior, and sampling 
effort are probably more important in seining than in the use of any other gear 
(Hendricks et al. 1980). 

Sample effort and results for seining are more variable than sampling with 
electro fishing. 

Use of seines is generally restricted to slower water with smooth bottoms, and is most 
effective in small streams or pools with little cover. 

Standardization of unit of effort to ensure data comparability is difficult. 

3.10 SAMPLING REPRESENTATIVE HABITAT 

Effort should be made when sampling to avoid regionally unique natur81 habitat. Samples from such 
situations, when compared to those from sites lacking the unique habitat, will appear different, i.e., 
assess as in either better or worse condition, than those not having the unique habitat. This is due to 
the usually high habitat spycificity that different taxa have to their range of habitat conditions; unique 
habitat will have unique taxa. Thus, all RBP sampling is focused on san1pling of represe1l.tative 
habitat. 

Composite sampling is the norm for RBP investigations to characterize the reach, rather than individual 
small replicates. However, a major source of variance can result from taking too few samples for a 
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composite. Therefore, each of the protocols (i.e., for periphyton, benthos, fish) advocate compositing 
several samples or efforts throughout the stream reach. Replication is strongly encouraged for 
precision evaluation of the methods. 

"When sampling wadeable streams, rivers, or waterbodies with complex habitats, a complete inventory 
of the entire reach is not necessary for bioassessment. However, the sampling area should be 
representative of the reach, incorporating riffles, runs, and pools if these habitats are typical of the 
stream in question. Midchannel and wetland areas of large rivers, which are difficult to sample 
effectively, may be avoided. Sampling effort may be concentrated in near-shore habitats where most 
species will be collected. Although some deep water or wetland species may be undersampled, the data 
should be adequate for the objective ofbioassessment. 
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PERFORMANCE-BASED METHODS 

4 SYSTEM (PBMS) --------------
Determining the performance characteristics of individual methods enables agencies to share data to a 
certain extent by providing an estimate of the level of confidence in assessments from one method to the 
next. The purpose of this chapter is to provide a framework for measuring the performance 
characteristics of various methods. The contents of this chapter are taken liberally from Diamond et al. 
1996, which is a refinement of the PBMS approach developed for ITFM (1995b). This chapter is best 
assimilated if the reader is familiar with data analysis for bioassessment. Therefore, the reader may 
wish to review Chapter 9 on data analysis before reading this PBMS material. Specific quality 
assurance aspects of the methods are included in the assemblage chapters. 

Regardless of the type of data being collected, field methods share one important feature in 
common-they cannot tell whether the information collected is an accurate portrayal of the system of 
interest (Intergovernmental Task Force on Monitoring Water Quality [ITFM] 1995a). Properties of a 
given field sample can be known, but research questions typically relate to much larger spatial and 
temporal scales. It is possible to know, with some accuracy, properties or characteristics of a given 
sample taken from the field; but typically, research questions relate to much larger spatial and temporal 
scales. To grapple with this problem, environmental scientists and statisticians have long recognized 
that field methods must strive to obtain information that is representative of the field conditions at the 
time of sampling. 

An accurate assessment of stream biological data is difficult because natural variability cannot be 
controlled (Resh and Jackson 1993). Unlike analytical assessments conducted in the laboratory, in 
which accuracy can be verified in a number of ways, the accuracy of macroinvertebrate assessments in 
the field cannot be objectively verified. For example, it isn't po~sible to "spike" a stream with a known 
species assemblage and then determine the accuracy of a bioassessment method. This problem is not 
theoretical. Different techniques may yield conflicting interpretations at the same sites, underscoring 
the question of accuracy in bioassessment. Depending on which methods are chosen, the actual 
structure and condition of the assemblage present, or the trends in status of the assemblage over time 
may be misinterpreted. Even with considerable convergence in methods used in the U.S. by states and 

, other agencies (Southerland and Stribling 1995, Davis et al. 1996), direct sharing of data among 
agencies may cause problems because of the uncertainty associated with unfamiliar methods, 
misapplication of familiar methods, or varied data analyses and interpretation (Diamond et al. 1996). 

4.1 APPROACHES FOR ACQUIRING COMPARABLE 
BIOASSESSMENT DATA 

Water quality management programs have different reasons for doing bioassessments which may not 
require the same level or type of effort in sample collection, taxonomic identification, and data analysis 
(Gurtz and Muir 1994). However, different methods of sampling and analysis may yield comparable 
data for certain objectives despite differences in effort. There are 2 general approaches for acquiring 
comparable bioassessment data among programs or among states. The first is for everyone to use the 
same method on every study. Most water resource agencies in the U.S. have developed standard 
operating procedures (SOPs). These SOPs would be adhered to throughout statewide or regional areas 
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to provide comparable assessments within each program. The Rapid Bioassessment Protocols (RBPs) 
developed by Plafkin et al. (1989) and refmed in this document are attempts to provide a framework for 
agencies to develop SOPs. However, the use of a single method, even for a particular type of habitat, 
is probably not likely among different agencies, no matter how exemplary (Dian1ond et al. 1996). 

The second approach to acquiring comparable data from different organizations, is to encourage the 
doctmlentation ofperfom1ance characteristics (e.g., precision, sensitivity) for all methods and to use 
those characteristics to determine comparability of different me1hods (ITFM 1995b ). Tlus 
docwnentation is known as a performance-based method system (PBMS) which, in the context of 
biological assessments, is defined as a system that pem1its the use of any method (to sample and 
analyze stream assemblages) that meets established requirements for data quality (Dian1ond et al. 
1996). Data quality objectives (DQOs) are qualitative and quantitative expressions that define 
requirements for data precision, bias, method sensitivity, and range of conditions over wluch a method 
yields satisfactory data (Kle1m11 et al. 1990). The detem1ination ofDQOs for a given study or agency 
program is central to all data collection and to a PBMS, particularly, because these objectives establish 
not only the necessary quality of a given method (Klemm et al. 1990) but also the types of methods 
that are likely to provide satisfactory information. 

In practice, DQO's are developed in 3 stages: (1) detemtine whafinformation is needed and why and 
how that information will be used; (2) determine methodological and practical constraints and technical 
specifications to achieve the information desired; and (3) compare different available methods and 
choose the one that best meets the desired specifications within identified practical and teclnucal 
limitations (USEPA 1984, 1986, Klemm et al. 1990, USEPA 1995a, 1997c). It is difficult to make an 
informed decision regarding which methods to use if data quality characteristics are unavailable. The 
successful introduction of the PBMS concept in laboratory chemistry, and more recently in laboratory 
toxicity testing (USEPA 1990c, American Society of Testing and Materials [ASTM] 1995), 
recmmnends adapting such a system for biological monitoring and assessment. 

If different methods are similar with respect to the quality of data each produces, then results of an 
assessment from those methods may be used interchangeably or together. As an example, a method for 
sample sorting and organism identification, through repeated examination using trained personnel, 
could be used to determine that the proportion of missed organisms is less than 10% of the organisms 
present in a given sample and that taxonomic identifications (to the genus level) have an accuracy rate 
of at least 90% (as determined by samples verified by recognized experts). A study could require the 
above. percentages of missed organisms and taxonomic accuracy as DQOs to ensure the collection of 
satisfactory data (Ettinger 1984, Clifford and Casey 1992, Cuffney et al. 1993a). In a PBMS 
approach, any laboratory sorting and identification method that docwnented the attainment of these 
DQOs would yield comparable data and the results would therefore be satisfactory for the study. 

For the PBMS approach to be useful, 4 basic asswnptions must be met (ITFM 1995b ): 

1. 

2. 

3. 

4-2 

DQOs must be set that realistically define and measure the quality of the data needed; 
reference (validated) methods must be made available to meet those DQOs; 

to be considered satisfactory, an alternative method must be as good or better than the 
reference method in terms of its resulting data quality characteristics; 

there must be proof that the method yields reproducible results that are sensitive 
enough for the program; and 
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4. the method must be effective over the prescribed range of conditions in which it is to 
be used. For bioassessments, the above assumptions imply that a given method for 
sample collection and analysis produces data of known quality, including precision, the 
range of habitats over which the collection method yields a specified precision, and the 
magnitude of difference in data among sites with different levels or types of 
impairment (Diamond et al. 1996). 

Thus, for multimetric assessment methods, such as RBPs, the 
precision of the total multimetric score is of interest as well as the 
individual metrics that make up the score (Diamond et al. 1996). 
Several performance characteristics must be characterized for a 
given method to utilize a PBMS approach. These characteristics 
include method precision, bias, performance range, interferences, 
and sensitivity (detection limit). These characteristics, as well as 
method accuracy, are typically demonstrated in analytical 
chemistry systems through the use of blanks, standards, spikes, 
blind samples, performance evaluation samples, and other 

PERFORMANCE 
C~CTEB1STICS 

Precision 
Bias 
Performance range 
Interferences 
Sensitivity 

techniques to compare different methods and eventually derive a reference meth.od for a given analyte. 
Many of these performance characteristics are applicable to biological laboratory and field methods 
and other prelaboratory procedures as well (Table 4-1). It is known that a given collection method is 
not equally accurate over all ecological conditions even within a general aquatic system classification 
(e.g., streams, lakes, estuaries). Therefore, assuming a given method is a "reference method" on the 
basis of regulatory or programmatic reasons does not allow for possible translation or sharing of data 
derived from different methods because the performance characteristics of different methods have not 
been quantified. One can evaluate performance characteristics of methods in 2 ways: (1) with respect 
to the collection method itself and, (2) with respect to the overall assessment process. Method 
performance is characterized using quantifiable data (metrics, scores) derived from data collection and 
analysis. Assessment performance, on the other hand, is a step removed from the actual data collected. 
Interpretive criteria (which may be based on a variety of approaches) are used to rank sites and thus, 
PBMS in this case is concerned with performance characteristics of the ranking procedures as well as 
the methods that lead to the assessment. 

Table 4-1. Progression of a generic bioassessment field and laboratory method with associated examples 
f £ h o per ormance c aractenst1cs. 

Step Procedure Examples of Performance Characteristics 

1 Sampling Precision-repeatability in a habitat. 
device Bias-exclusion of certain taxa (mesh size). 

Performance range-different efficiency in various habitat types or substrates. 

Interferences-matrix or physical limitations (current velocity, water depth). 

2 Sampling Precision-variable metrics or measures among replicate samples at a site. 
method Bias-exclusion of certain taxa (mesh size) or habitats. 

Performance range-limitations in certain habitats or substrates. 

Interferences-high river flows, training of personnel. 
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Table 4-1. Progression of a generic bioassessment field and laboratory method with associated 
examples of performance characteristics. (Continued) 

Step Procedure Examples of Performance Characteristics 

3 Field sample Precision-variable metrics among splits of subsamples. 
processing Bias- efficiency oflocating small organisms. 
(subsampling, 

Performance range-sample preservation and holding time. 
sample 
transfer, Interferences-Weather conditions. 

preservation) 

Additional characteristics: 

Accuracy-of sample transfer process and labeling. 

4 Laboratory Precision-split samples. 
sample Bias-sorting certain taxonomic groups or organism size. 
processing 

Performance range-sorting method depending on sample matrix (detritus, mud). 
(sieving, 
sorting) Interferences-distractions; equipment. 

Additional characteristics: 

Accuracy-sorting method; lab equipment. 

5 Taxonomic Precision-split samples. 
enumeration Bias-counts and identifications for certain taxonomic groups. 

Performance range-dependent on taxonomic group and (or) density. 

llzterferences-appropriateness of taxonomic keys. 

Sensitivity-level of taxonomy related to type of stressor 

Additional characteristics: 

Accuracy-identification and counts. 

Data quality and performance characteristics of methods for analytical chemistry are typically 
validated through the use of quality control samples including blanks, calibration standards, and 
samples spiked with a lmown quantity ofthe analyte of interest. Table 4-2 summarizes some 
performance characteristics used in analytical chemistry and how these might be translated to 
biological methods. 

The collection of high-quality data, particularly for bioassessments, depends on having adequately 
trained people. One way to document satisfactory training is to have newly trained personnel use the 
method and then compare their results with those previously considered acceptable. Although field 
crews and laboratory persmmel in many organizations are trained in this way (Cuffney et al. 1993b), 
the results are rarely documented or quantified. As a result, an organization cannot assure either itself 
or other potential data users that different personnel performing the same method at the same site yield 
comparable results and that data quality specifications of the method (e.g., precision of metrics or 
scores) are consistently met. Some of this infom1ation is published for certain bioassessment sampling 
methods, but is defmed qualitatively (see Elliott and Tullett 1978, Peckarsky 1984, Resh et al. 1990, 
Merritt et al. 1996 for examples), not quantitatively. Quantitative infom1ationneeds to be more 
available so that the quality of data obtained by different methods is documented. 
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Table 4-2. Translation of some performance characteristics, derived for laboratory analytical systems, 
to b" I . II b n· d I 1996) 10 og1ca a oratory systems (taken from I am on eta. 

Performance 
Characteristics Analytical Chemical Methods Biological Methods 

Precision Replicate samples Multiple taxonomists identifying 1 sample; 
split sample for sorting, identification, 
enumeration; replicate samples within sites; 
duplicate reaches 

Bias Matrix-spiked samples; standard Taxonomic reference samples; "spiked" 
reference materials; performance organism samples 
evaluation samples 

Performance Standard reference materials at various Efficiency of field sorting procedures under 
range concentrations; evaluation of spiked different sample conditions (mud, detritus, 

samples by using different matrices sand, low light) 

Interferences Occurrence of chemical reactions Excessive detrital material or mud in 
involved in procedure; spiked samples; sample; identification of young life stages; 
procedural blanks; contamination taxonomic uncertainty 

Sensitivity Standards; instrument calibration Organism-spiked samples; standard level of 
identification 

Accuracy Performance standards; procedural blanks Confirmation of identification, percentage 
of "missed" specimens 

It is i1nperative that the specific range of environmental conditions (or performance range) is 
quantitatively defmed for a sampling method (Diamond et al. 1996). As an example, the performance 
range for macroinvertebrate sampling is usually addressed qualitatively by characterizing factors such 
as stream size, hydrogeomorphic reach classification, and general habitat fe!'ltures (riffle vs. pool, 
shallow vs. deep water, rocky vs. silt substrate; Merritt et al. 1996). In a PBMS framework, different 
methods could be classified based on the ability of the method to achieve specified levels of 
performance characteristics such as data precision and sensitivity to impairment over a range of 
appropriate habitats. Thus, the precision of individual metrics or scores obtained by different sampling 
methods can be directly and quantitatively compared for different types of habitats. 

4.2 ADVANTAGES OF A PBMS APPROACH FOR CHARACTERIZING 
BIOASSESSMENT METHODS 

Two fundamental requirements for a biological assessment are: (1) that the sample taken and analyzed 
is representative of the site or the assemblage of interest and, (2) that the data obtained are an accurate 
reflection of the sample. The latter requirement is ensured using proper quality control (QC) in the 
laboratory including the types of performance characteristics summarized in Table 4-2. The first 
requirement is met through appropriate field sampling procedures, including random selection of 
sampling locations within the habitat type( s) of interest, choice of sampling device, and sample 
preservation methods. The degree to which a sample is representative of the environment depends on 
the type of sampling method used (including subsampling) and the ecological endpoint being measured. 
For example, many benthic samples may be needed from a stream to obtain 95% confidence intervals 
that are within 50% of the mean value for macroinvertebrate density, whereas fewer benthic samples 
may be needed to determine the dominant species in a given habitat type at a particular time (Needham 
and Usinger 1956, Resh 1979, Plafkin et al. 1989). 
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Several questions have been raised conceming the appropriateness or "accuracy" of methods such as 
RBPs, which take few samples from a site and base their measures or scores on subsamples. 
Subsampling methods have been debated relevant to the "accuracy" of data derived from different 
methods (Courtemanch 1996, Barbour and Gerritsen 1996, Vinson and Hawkins 1996). Using a 
PBMS framework, the question is not which subsan1pling method is more "accurate" or precise but 
rather what accuracy and precision level can a method achieve, and do those perfom1ance 
characteristics meet the DQOs of the program? Looking at bioassessment methods in tins way, 
(including subsan1pling and taxonomic identification), forces the researcher or program manager to 
quantitatively define beforehand the quality control characteristics necessary to make the type of 
interpretive assessments required by the study or program. 

Once ti1e objectives and data quality characteristics are defmed for a given study, a method is chosen 
ti1at meets ti1ose objectives. Depending on the data quality characteristics desired, several different 
methods for collecting and sorting macroinvertebrates may be suitable. Once data precision and 
"accuracy" are quantified for measures derived from a given bioassessment meti1od, the method's 
sensitivity (the degree of change in measures or endpoints between a test site and a control or reference 
site ti1at can be detected as a difference) and reliability (the degree to which an objectively defmed 
impaired site is identified as such) can be quantified and compared with other methods. A method may 
be modified (e.g., more replicates or larger samples taken) to improve the precision and "accuracy" of 
the method and meet more stringent data requirements. · Thus, a PBMS framework has the advantage 
of forcing scientists to focus on ti1e ever-important issue: what type of sampling program and data 
quality are needed to answer the question at hand? 

A second advantage of a PBMS framework is that data users and resource managers could potentially 
increase the amount of available information by combining data based on known comparable methods. 
The 305(b) process ofti1e National Water Quality Inventory, (USEPA 1997c) is a good exan1ple of an 
enviro11111ental progran1 that would benefit from a PBMS framewo,rk. This program is designed to 
detennine status and trends of surface water quality in the U.S. A PBMS framework would make 
explicit the quality and comparability of data derived from different bioassessment methods, would 
allow more effective sharing of information collected by different states, and would improve the 
existing national database. Only those methods that met certain DQOs would be used. Such a decision 
might encourage other organizations to meet those minimum data requirements, thus increasing the 
amount of usable information that can be shared. For example, the RBPs used by many state agencies 
for water resources (Southerland and Stribling 1995) could be modified for field and laboratory 
procedures and still meet similar data quality objectives. TI1e overall design stews of the RBPs, and 
criteria for detemlining useful metrics or community measures, would be relatively constant across 
regions and states to ensure similar quality and comparability of data. 

4.3 QUANTIFYING PERFORMANCE CHARACTERISTICS 

The following suggested sampling approach (Figure 4-1) need only be performed once for a particular 
meti10d and by a given agency or research team; it need not be perfonned for each bioassessment study. 
Once data quality characteristics for the method are established, limited quality control (QC) sampling 
and analysis should supplement the required sampling for each bioassessment study to ensure that data 
quality characteristics of the meti10d are met (USEPA 1995a). The additional effort and expense of 
such QC are negligible in relation to the potential environmental cost of producing data of poor or 
unknown quality. 

TI1e first step is to defme precision of the collection method, also known as "measurement error". This 
is accomplished by replicate sampling within sites (see Hannaford and Resh 1995). The samples 
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collected are processed and analyzed 
separately and their metrics compared to 
obtain a more realistic 
measure of the method precision and 
consistency. Repeated samples within sites 
estimate the precision of the entire method, 
comprising variability due to several sources 
including small-scale spatial variability within 
a site; operator consistency and bias; and 
laboratory consistency. Finally, it is desirable 
to sample a range of site classes (stream size, 
habitat type) over which the method is likely 
to be used. This kind of sampling, 
processing, and analysis should reveal 
potential biases. 

Once the precision of the method is known, 
one can determine the actual variability 
associated with sampling "replicate" reference 
sites within an ecoregion or habitat type. This 
is known as sampling error, referring to the 
sample (of sites) drawn from a subpopulation 
(sites in a region). The degree of assemblage 
similarity observed among "replicate" 
reference streams, along with the precision of 
the collection method itself, will determine the 
overall precision, accuracy, and sensitivity of 
the bioassessment approach as a whole. This 
kind of checking has been done, at least in 
part, by several states (Bode and Novak 1995; 
Yoder and Rankin 1995a; Hornig et al. 1995; 

Step 1 
Sample "replicate" reaches or sub-reaches within 
sites, using different trained personneL Repeat 
for different site classes (stream size, habitat, 

ecoregion). 

• 
Step 2 Sample at least 5 reference sites in the same site 

class (habitat type, stream size, ecoregion). 

' Step 3 Sample processing and organism identification J 

• Step 4 Compute measures/metrics for each site. j 
i 

Step 5 Compute precision of each measure among sites . 

• 
Step 6 

Repeat steps 3 and 4 for at least 3 test sites in 
each site class examined in step 1. Test sites 

should have different types and apparent levels 
of impairment. 

• 
Step 7 Compare data precision, bias, and method 

sensitivity for each site class. 

I 
Figure 4-1. Flow chart summarizing the steps 
necessary to quantify performance characteristics of a 
bioassessment method (modified from Diamond et al. 
1996). 

Barbour et al. 1996b ), some USEPA programs (Gibson et al. 1996), and the U.S. Geological Survey 
(USGS) National Water Quality Assessment Program (Cuffney et al. 1993b, Gurtz 1994). Evaluation 
of metric or score variability among rep~icate reference sites can result in improved data precision and 
choices of stream classification. For example, the Arizona Department of Environmental Quality 
(DEQ) detepnined that macroinvertebrate assemblage structure varied substantially within ecoregions 
resulting in large metric variability among reference sites and poor classification (Spindler 1996). 
Using detrended correspondence and cluster analysis, the state agency determined that discrimination of 
sites by elevation and watershed area, corresponding to montane upland, desert lowland, and transition 
zones, resulted in much lower variability among reference sites and a better classification scheme to 
measure sensitivity to impairment 

If multiple reference sites are sampled in different site classes (where the sampling method is judged to 
be appropriate), several important method performance characteristics can be quantified, including: (1) 
precision for a given metric or assessment score across replicate reference sites within a site class; (2) 
relative precision of a given metric or score among reference sites in different classes; (3) range of 
classes over which a given method yields similar precision and "accuracy"; ( 4) potential interferences 
to a given method that are related to sp_ecific class characteristics and qualities; and. ( 5) bias of a given 
metric, method, or both, owing to differences in classes (Diamond et al. 1996). 
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A study by Barbour et al. (1996b) for Florida streams, illustrates the importance of documenting 
method perfonna.nce characteristics using multiple reference sites in different site classes. Using the 
same method at all sites, fewer taxa were observed in reference sites from the Florida Peninsula (one 
site class) compared to the Florida Panhandle (another site class), resulting in much lower reference 
values for taxa richness metrics in the Peninsula. Although metric precision was similar an1ong 
reference sites in each site class, method sensitivity (i.e., the ability of a metric to discern a difference 
between reference and stressed sites) was poorer in the Peninsula for taxa richness. Thus, 
bioassessment "accuracy" may be more. uncertain for the Florida Peninsula; that is, the probability of 
committing a Type II error (concluding a test site is no different from reference - therefore minimally 
impaired- when, in fact, it is) may be greater in the Peninsula region. In the context of a PBMS, the 
state agency can recognize and document differences in method performance characteristics between 
site classes and incorporate them into their DQOs. The state in tlus case can also use the method 
perfonna.nce results to identify tl1ose site classes for which tl1e biological indicator (index, metric, or 
otl1er measurement endpoint) may not be naturally sensitive to impainnent; i.e., the fauna is naturally 
species-poor and thus less likely to reflect impacts from stressors. If the state agency desires greater 
sensitivity than the current method provides, it may have to develop and test different region-specific 
metl1ods and perhaps different indicators. 

In the last step of the process, a method is used over a range of in1paired conditions so as to detennine 
the method's sensitivity or ability to detect impaim1ent. As discussed earlier, sites with lmownlevels of 
impainnent or analogous standards by which to create a calibration curve for a given bioassessment 
method are lacking. In lieu of this limitation, sampling sites are chosen that have la.1own stresses (e.g., 
urban runoff, toxic pollutants, livestock intrusion, sedin1entation, pesticides). Because different sites 
may or may not have the same level ofimpainnent witlun a site class (i.e., they are not replicate sites), 
precision of a metl1od in impaired sites may best be examined by taking and analyzing multiple samples 
from the same site or adjacent reaches (Hannaford and Resh 1995). 

The quantification of performance characteristics is a compromise between statistical power and cost 
while maintaining biological relevance. Given tl1e often wide variation of natural geomorpluc 
conditions and landscape ecology, even within supposedly "uniform" site classes (Corkum 1989, 
Hughes 1995), it is desirable to exan1ine 10 or more reference sites (Yoder and Rankin 1995a, Gibson 
et al. 1996). More site classes in the evaluation process would improve documentation of the 
performance range and bias for a given method. Using tl1e sampling design suggested in Figure 4-1, 
data from at least 30 sites (reference and test sites combined), sampled witllin a brief time period (so as 
to millirnize seasonal changes in the target assemblage), are needed to define performance 
characteristics. An alternative approach might be to use bootstrap resampling of fewer sites to 
evaluate the nature of variation oftl1ese samples (Fore et al. 1996). 

A range of "known" stressed sites within a site class is sampled to test the performance characteristics 
of a given method. It is important that stressed sites meet the following criteria: (1) they belong to the 
same site class as tl1e reference sites examined; (2) they clearly have been receiving some chemical, 
physical, or biological stress(es) for some time (months at least); and (3) impainnent is not obvious 
witl1out sampling; i.e., ilnpairn1ent is not severe. 

The first criterion is necessary to reduce potential interferences owi11g to class differences between tl1e 
test and reference sites. Thus, the condition of tl1e reference site will have 11igh probability of serving 
as a true blank as discussed earlier. For example, it is clearly inappropriate to use hlgh gradient 
mountain streams as references for assessing plains streams. 
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The second criterion, which is the documented presence of potential stresses, is necessary to ensure the 
likelihood that the test site is truly impaired (Resh and Jackson 1993). A potential test site might 
include a body of water that receives toxic chemicals from a point-source discharge or from nonpoint 
sources, .or a water body that has been colonized by introduced or exotic "pest" species (for example, 
zebra mussel or grass carp). Stresses at the test site should be measured quantitatively to document 
potential cause( s) of impairment. 

The third criterion, that the site is not obviously impaired, provides a reasonable test of method 
sensitivity or "detection limit." Severe impairment (e.g., a site that is dominated by 1 or 2 invertebrate 
species, or a site apparently devoid of aquatic life) generally requires little biological sampling for 
detection. 

4.4 RECOMMENDED PROCESS FOR DOCUMENTATION OF 
METHOD COMPARABILITY 

Although a comparison of methods at the same reference and test sites at the same time is preferable 
(same seasons and similar conditions), it is not essential. The critical requirement when comparing 
different sampling methods is that performance characteristics for each method are derived using 
similar habitat conditions and site classes at similar times/seasons (Diamond et al. 1996). This 
approach is most useful when examining the numeric scores upon which the eventual assessment is 
based. Thus, for a method such as RBP that sums the values of several metrics to derive a single score 
for a site, the framework described in Figure 4-1 should use the site scores. If one were interested in 
how a particular multimetric scoring system behaves, or one wishes to compare the same metric across 
methods, then individual metrics could be exa1nined using the frarnework in Fig-ure 4-1. For 
multivariate assessment methods that do not compute metric scores, one could instead examine a 
measure of community similarity or other variable that the researcher uses in multivariate analyses 
(Norris 1995). 

Method comparability is based on 2 factors: (1) the relative magnitude of the coefficients of variation 
in measurements within and among site classes, and (2) the relative percent differences in 
measurements between reference and test sites. It is important to emphasize that comparability is not 
based on the measurements themselves, because different methods may produce different numeric 
scores or metrics and some sampling methods may explicitly ignore certain taxonomic groups, which 
will influence the metrics examined. Instead, detection of a systematic relationship among indices or 
the same measures among methods is advised. If 2 methods are otherwise comparable based on similar 
performance characteristics, then results of the 2 methods can be numerically related to each other. 
This outcome is a clear benefit of examining method comparability using a PBMS framework. 

Figure 4-1 summarizes a suggested test design, and Table 4-3 summarizes recommended analyses for 
documenting both the performance characteristics of a given method, and the degree of data 
comparability between 2 or more methods. The process outlined in Figure 4-1 is not one that is 
implemented with every study. Rather, the process should be performed at least once to document the 
limitations and range of applicability of the metl1ods, and should be cited with subsequent uses of the 
method(s). 

The following performance characteristics are quantified for each bioassessment method and 
compared: (l) the within-class coefficient of variation for a given metric score or index by examining 
reference-site data for each site class separately (e.g., CVAir and CVB1r; Fig. 4-1 ); (2) difference or bias 
in precision related to site class for a given metric or index (by comparing reference site coefficient of 
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variation from each class: CVA11/CVBJ,.; Table 4-3); and (3) estimates of method sensitivity or 
discriminatmy power, by comparing test site data with reference site data 
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Table 4-3. Suggested arithmetic expressions for deri~ng performance characteristics that can be 
compared between 2 or more methods. In all cases, x= mean value, X= test site value, s =standard 
deviation. Subscripts are as follows: capital letter refers to site class (A or B); numeral refers to method 
1 or 2; and lower case letter refers to reference (r) or test site (t) (modified from Diamond et al. 1996). 

Performance Characteristic Parameters for Quantifying Method Desired 
Comparability Outcome 

Relative precision of metric or index within CVAir and cv A2r ; CVBir and CVB2r Low values 
a site class 

Relative precision of metric or index 
CVAlr CVA2r 

. High ratio 
between sites (population of samples at a -- ' 
site) or site classes (population of sites) CVBlr CVB2r 

Relative sensitivity or "detection limit" of 
XAh·-XAlt XA2r-XA2t 

High ratio 
metric or index within a site class. 

' Comparison of those values between SAlr SA2r 

methods reveals the most sensitive method 

Xs1r -XBlt Xs2r-XB2t 

SBJr SB2r 

Relative sensitivity of metric or index 
i0_11.-XAlt Xs1r -XBJt 

High ratio 
between site classes 

' 
SAlr SBlr 

i0_2r-XA2t 
; 

Xs2r-XB2t 

SA2r SB2r 

within each site class as a function of reference site variability (Table 4-3), e.g., 

A method that yields a smaller difference between test and reference sites in relation to the reference 
site variability measured (Table 4-3) would indicate less discriminatory power or sensitivity; that is, the 
test site is erroneously perceived to be similar to or better than the reference condition and not impaired 
(Type II error) . 

. Relatively few methods may be able to consistently meet the above data quality criterion and also 
maintain high sensitivity to impairment because both characteristics require a method that produces 
relatively precise, accurate data. For example, if the agency's intent is to screen many sites so as to 
prioritize "hot spots" or significant impairment in need of corrective action, then a method that is 
inexpensive, quick, and tends to show impairment when significant impairment is actually present 
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(such as some vohmteer monitoring methods) (Barbour et al. 1996a) can meet prescribed DQOs with 
less cost and effort. In tlus case, tl1e data requirements dictate lugh priority for method sensitivity or 
discriminatory power (detection if impaired sites), tmderstandi.ng tlmt there is likely also to be a high 
Type I error rate (misidentification of unimpaired sites). 

Relative accuracy of each metl1od is addressed to the extent that tl1e test sites chosen are likely to be 
truly impaired on the basis of independent factors such as tl1e presence of chemical stresses or 
suboptimal habitat. A metl10d with relatively low precision (high variance) among reference sites 
compared with anotl1er method may suggest lower metl1od accuracy. Note tl1at a metl1od having lower 
precision may still be satisfactory for some programs if it has otl1er advantages, such as high ability to 
detect impaired sites with less cost and effort to perfom1. 

Once performance characteristics are defmed for each metl10d, data comparability can be determined. 
If 2 methods are similarly precise, sensitive, and biased over the habitat types sampled, then the 
different metl1ods should produce comparable data. Interpretive judgements could then be made 
conceming tl1e quality of aquatic life using data produced by either or both methods combined. 
Altematively, tl1e comparison may show that 2 methods are comparable in their perfonnance 
characteristics in certain habitats or regions and not others. If this is so, results of the 2 methods can 
be combi.nea for the type for the types of habitats in which data comparability was demonstrated, but 
not for other regions or habitat types. 

In practice, comparability ofbioassessment methods would be judged relative to a reference method 
that has already been fully characterized (using the framework sU.1111llarized in Figure 4-1) and which 
produces data with the quality needed by a certain program or agency. The qualities of this reference 
method are then defined as method perfonnance criteria. If an altemative method yields less precision 
among reference sites within the same site class than the reference method (e.g., CV Air > CV A2r in Table 
4-3), then the altemative method probably is not comparable to the reference method. A program or 
study could require that altemative methods are acceptable only iftl1ey are as precise as the reference 
method. A similar process would be accomplished for other perfom1ance characteristics that a 
program or agency deems important based on the type of data required by the program or study. 

4.5 CASE EXAMPLE DEFINING METHOD PERFORMANCE 
CHARACTERISTICS 

Florida Department of Environmental Protection (DEP) has developed a statewide network for 
monitoring and assessing tl1e state's surface waters using macroinvertebrate data. Florida DEP has 
rigorously exanlined performance characteristics of tl1eir collection and assessment methods to provide 
better overall quality assurance of tl1eir biomonitoring progran1 and to provide defensible and 
appropriate assessments of the state's surface waters (Barbour et al. 1996b, c). Much of the method 
characterization process developed for Florida DEP 'is easily communicated in tl1e context of a PBMS 
approach. 

In addition to characterizing data quality and method perfom1a11ce based on ecoregional site classes, 
Florida DEP also characterized their metl1ods b.ased on season (su.n1mer vs. winter sampling index 
periods), and size of subsample analyzed (100, 200, or 300-organism subsample). h1 addition, 
a11alyses were performed on the individual component metrics wluch composed the Florida stream 
condition index (SCI). For the sake of brevity, the characterization process and results for the SCI in 
the summer index period and the Peninsula and Northeast bioregions are su111111arized. The same 
process was used for other bioregions in the state and in the winter index period. 
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Performance Criteria Characteristics of Florida SCI (see Figure4-1 for process) 

Characterize Measurement Error (Method Precision Within a Site)-A total of7 sites in the 
Peninsula bioregion were subjected to multiple sampling (adjacent reaches). The DEP observed a 
mean SCI= 28.4 and a CV (within a stream) = 6.8%. These data suggest low measurement error 
associated with the method and the index score. Given this degree of precision in the reference 
condition SCI score, power analysis indicated that 80% of the time, a test site with an SCI 5 points less 
(based on only a single sample at the test site) than the reference criterion, could be distinguished as 
impaired with 95% confidence. This analysis also indicated that if duplicate samples were taken at the 
test site, a difference of 3 points in the SCI score between the test site and the reference criterion could 
be distinguished as impaired with 95% confidence. 

Characterize Sampling Error (Method Precision on a Population of Reference Sites)-A total of 
56 reference sites were sampled in the Peninsula bioregion (Step 1, Figure 4-1). The SCI score could 
range from a minimum of 7 to a theoretical maximum of 31 based on the component metric scores. 
However, in the Peninsula, reference site SCI scores generally ranged between 21 and 31. A mean SCI 
score of27.6 was observed with a CV of 12.0%. 

Determine Method andlndex Sensitivity-Distribution of SCI scores of the 56 reference sites 
showed that the 5th percentile was a score of20. Thus, 95% of Peninsula reference sites had a score 
>20. Accuracy of the method, using known stressed sites, indicated that approximately 80% of the test 
sites had SCI scores ~ 20 (Fig. 4-2). In other words, a stressed site would be assessed as impaired 
80% of the time using the collection method ill the Peninsula bioregion in the summer, and an 
impairment criterion of the 5th percentile of reference sites. The criterion could also be raised to, say, 
the 25th percentile of reference sites, which would increase accuracy of correctly classifying stressed 
sites to approximately 90%, but would decrease accuracy of correctly assessing unimpaired sites to 
75%. 

Determination of Method Bias and Relative Sensitivity in Different Site Classes-A comparative 
analysis of precision, sensitivity, and ultimately bias, can be performed for the Florida DEP method 
and the SCI index outlined in Table 4-3. For example, the mean SCI score in the Panhandle bioregion, 
during the same summer index period, was 26.3 with a CV = 12.8% based on 16 reference sites. 
Comparing this CV to the one reported for the Peninsula in the previous step, it is apparent that the 
precision of this method in the Panhandle was· similar to that observed in the Peninsula bioregion. 

The 5th percentile of the Panhandle reference sites was an SCI score of 17, such that actual sensitivity 
of the method in the Panhandle was slightly lower than in the Peninsula bioregion (Figure 4-2). An 
impaired site would be assessed as such only 50% of the time in the Panhandle bioregion in the summer 
as opposed to 80% of the time in the Peninsula bioregion during the same index period. Part of the 
difference in accuracy of the method aniong the 2 bioregions can be attributed to differences in sample 
size. Data from only 4 "known" impaired sites were available in the Panhandle bioregion while the 
Peninsula bioregion had data from 12 impaired sites. The above analyses show, however, that there 
may be differences in method performance between the 2 regions (probably attributable to large habitat 
differences between the regions) which should be further explored using data from additional "known" 
stressed sites, if available. 
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Figure 4-2. Comparison of the discriminatory ability of the SCI between Florida's Peninsula and 
Panhandle Bioregions. Percentiles used (not x, sd) to depict relationship. 

4.6 APPLICATION OF THE PBMS 

The PBMS approach is intended to provide information regarding the confidence of an assessment, 
given a particular metl1od. By having some measure of confidence in the endpoint and fue subsequent 
decision pertinent to fue condition of the water resource, assessment and monitoring programs are 
greatly strengtl1ei1ed. Three prin1ary questions can be identified that enable agencies to ascertain fue 
value and scientific validity of using information derived from different mefuods. Use ofPBMS is 
necessary for these questions to be answered. 

Questio1t 1 -How rigorous must a method be to accurately detect impairme1tt? 

The analyses of Ohio EPA (1992) reveal fuat fue power and ability of a bioassessment technique to 
accurately portray biological community perfonnance and ecological integrity, and to discriminate even 
fmer levels of aquatic life use impairments, are directly related to fue data dimensions (i.e., ecological 
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complexity, environmental accuracy, discriminatory power) produced by each (Barbour et al. 1996b ). 
For example, a technique that includes the identification ofmacroinvertebrate taxa to genus and species 
will produce a higher attainment of data dimensions than a technique that is limited to family-level 
taxonomy. In general, this leads to a greater discrimination of the biological condition of sites. 

Some states use one method for screening assessments and a second method for more intensive and 
confirmatory assessments. Florida DEP uses a BioRecon (see description in Chapter 7) to conduct 
statewide screening for their watershed-based monitoring. A more rigorous method based on a 
multihabitat sampling (see Chapter 7) is used for targeted surveys related to identified or suspected 
problem areas. North Carolina Water Quality Division (WQD) has a rapid EPT index (cumulative 
number of species ofEphemeroptera, Plecoptera, Trichoptera) to conduct screening assessments. 
Their more intensive method is used to monitor biological condition on a broader basis. 

Use of various methods having differing levels of rigor can be examined with estimates of precision and 
sensitivity. These performance characteristics will help agencies make informed decisions.ofhow 
resulting data can be used in assessing condition. 

Question 2- How can data derived from different methods be compared to locate additional 
reference sites? 

Many agencies are increasingly confronted with the issue of locating appropriate reference sites from 
which to develop impairment/unimpairment thresholds. In some instances, sites outside of 
jurisdictional boundaries are needed to refine the reference condition. As watershed-based monitoring 
becomes implemented throughout the U.S., jurisdictional boundaries may become impediments to 
effective monitoring. County governments, tribal associations, local environmental interest groups, and 
state water resource agencies are all examples of entities that would benefit from collaborative efforts 

. to identify common reference sites. 

In most instances, all of the various agencies conducting monitoring and assessment will be using 
different methods. A knowledge of the precision and sensitivity of the methods will allow for an 
agency to decide whether the characterization of a site as reference or minimally impaired by a second 
agency or other entity fits the necessary criteria to be included as an additional reference site. 

Question 3 -How can data from different methods be combined or integrated for increasing a 
database for assessment? 

The question of combining data for a comprehensive assessment is most often asked by states and 
tribes that want to increase the spatial coverage of an assessment beyond their own limited datasets. 
From a national or regional perspective, the ability to combine datasets is desirable to make judgements 
on the condition of the water resource at a higher geographical scale. Ideally, each dataset will have 
been collected with the same methods. 

This question is the most difficult to answer even with a knowledge of the precision and sensitivity. 
Widely divergent methodologies having highly divergent performance characteristics are not likely to 
be appropriate for combining under any circumstances. The risk of committing error in judgement of 
biological condition from a combined dataset of this sort would be too high. 

Divergent methodologies with similar or nearly identical performance characteristics are plausible 
candidates for combining data at metric or index levels. However, a calibration of the methods is 
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necessary to ensure that extrapolations of data from one method to the other is scientifically valid. The 
best fit for a calibrated model is a 1:1 ratio for each metric and index. Realistically, the calibration will 
be on a less-than-perfect relationship; extrapolations may be via range of values rather than absolute 
numbers. Thus, combining datasets from dissimilar methods may be valuable for characterizing severe 
impainnent or sites of excellent condition. However, sites with slight to moderate impairment might 
not be detected with a high level of confidence. 

For exan1ple, a 6-state collaborative study was conducted on Mid-Atlantic coastal plain streams to 
detennine whether a combined reference condition could be established (Maxted et al. in review). In 
this study, a single method was applied to all sites in the coastal plain in all 6 states (New Jersey, 
Delaware, Maryland, Virginia, North Carolina, and South Carolina). The results indicated that two 
Bioregions exist for the coastal plain ecoregion-the northem portion, including coastal plain streams 
in New Jersey, Delaware, and Maryland; and the southem portion that includes Virginia, North 
Carolina, and South Carolina. In most situations, agencies have databases from well-established 
method~ that differ in specific ways. The ability to combine unlike datasets has historically been a 
problem for scientific investigations. The usual practice has been to aggregate the data to the least 
common denominator and discard data that do not fit the criteria. 
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5 
HABITAT ASSESSMENT AND 

PHYSICOCHEMICAL PARAMETERS 

An evaluation of habitat quality is ctitical to any assessment of ecological integrity and should be 
perfom1ed at each site at the time of the biological sampling. In general, habitat and biological 
diversity in rivers are closely linked (Raven et al. 1998). In the truest sense, "habitat" incorporates 
all aspects of physical and chemical constituents along with the biotic interactions. In these 
protocols, the definition of "habitat" is narrowed to the quality of the instream and ripatian habitat 
that influences the structure and function of the aquatic community in a stream. The presence of 
an altered habitat structure is considered one of the major stressors of aquatic systems (Karr et al. 
1986). The presence of a degraded habitat can sometimes obscure investigations on the effects of 
toxicity and/or pollution. The assessments performed by many water resource agencies include a 
general description of the site, a physical characterization and water quality assessment, and a 
visual assessment ofinstrean1 and ripatian habitat quality. Some states (e.g., Idaho DEQ and 
Illinois EPA) include quantitative measurements of physical paran1eters in their habitat assessment. 
Together these data provide an integrated picture of several of the factors influencing the biological 
condition of a stream system. These assessments are not as comprehensive as needed to adequately 
identify all causes of impact. However, additional investigation into hydrological modification of 
water courses and drainage patterns can be conducted, once impairment is noted. 

The habitat quality evaluation can be accomplished by characterizing selected physicochemical 
parameters in conjunction with a systematic assessment of physical structure. Through this 
approach, key features can be rated or scored to provide a useful assessment of habitat quality. 

5.1 PHYSICAL CHARACTERISTICS AND WATER QUALITY 

Both physical characteristics and water quality parameters are pertinent to characterization of the 
stream habitat. An example of the data sheet used to characterize the physical characteristics and 
water quality of a site is shown in Appendix A. The information required includes measurements 
of physical characterization and water quality made routinely to supplement biological surveys. 

Physical characterization includes documentation of general land use, description of the strean1 
origin and type, summary of the tiparian vegetation features, and measurements of instream 
parameters such as width, depth, flow, and substrate. The water quality discussed in these 
pr:otocols are in situ measurements of standard parameters that can be taken with a water quality 
instrument. These are generally instantaneous measurements taken at the time of the survey. 
Measurements of certain parameters, such as temperature, dissolved oxygen, and ·turbidity, can be 
taken over a diumal cycle and will require instrumentation that can be left in place for extended 
periods or collects water samples at periodic intervals for measurement. In addition, water samples 
may be desired to be collected for selected chemical analysis. These chemical samples are 
transported to an analytical laboratory for processing. The combination of this infom1ation 
(physical characterization and water quality) will provide insight as to the ability of the strean1 to 
support a healthy aquatic community, and to the presence of chemical and non-chemical stressors 
to the st,ream ecosystem. Information requested in this section (Appendix A-1, Fonn 1) is standard 
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to many aquatic studies and allows for some comparison among sites. Additionally, conditions that 
may significantly affect aquatic biota are documented. 

5.1.1 Header Information (Station Identifier) 

The header information is identical on all data sheets and requires sufficient information to identify 
the station and location where the survey was conducted, date and time of survey, and the 
investigators responsible for the quality and integrity of the data. The stream name and river basin 
identify the watershed and tributary; the location of the station is described in the narrative to help 
identify access to the station for repeat visits. The rivermile (if applicable) and latitude/longitude 
are specific locational data for the station. The station number is a code assigned by the agency 
that will associate the sample and survey data with the station. The STORET number is assigned 
to each datapoint for inclusion in USEP A's STORET system. The stream class is a designation of 
the grouping of homogeneous characteristics from which assessments will be made. For instance, 
Ohio EPA uses ecoregions and size of stream, Florida DEP uses bioregions (aggregations of 
subecoregions), and Arizona DEQ uses elevation as a means to identify stream classes. Listing the 
agency and investigators assigns responsibility to the data collected from the station at a specific 
date and time. The reason for the survey is sometimes useful to an agency that conducts surveys 
for various programs and purposes. 

5.1.2 Weather Conditions 

Note the present weather conditions on the day of the survey and those immediately preceding the 
day of the survey. This information is important to interpret the effects of storm events on the 

, 1 sampling effort. 
\J 

5.1.3 Site Location/Map 

To complete this phase of the bioassessment, a photograph may be helpful in identifying station 
location and documenting habitat conditions. Any observations or data not requested but deemed 
important by the field observer should be recorded. A hand-drawn map is useful to illustrate major 
landmarks or features of the channel morphology or orientation, vegetative zones, buildings, etc. 
that might be used to aid in data interpretation. 

5.1.4 Stream Characterization 

Stream Subsystem: In regions where the perennial nature of streams is important, or where the 
tidal influence of streams will alter the structure and function of communities, this parameter 
should be noted. 

Stream Type: Communities inhabiting coldwater streams are markedly different from those in 
warmwater streams, many states have established temperature criteria that differentiate these 2 
stream types. 

Stream Origin: Note the origination of the stream under study, if it is known. Examples are 
glacial, montane, swamp, and bog. As the size ofthe stream or river increases, a mixture of 
origins of tributaries is likely. 
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5.1.5 Watershed Features 

Collecting this information usually requires some effort initially for a station. However, 
subsequent surveys will most likely not require an in~depth research of this information. 

Predominant Surrounding Land Use Type: Docm11ent the prevalent land~use type in the 
catchment of the station (noting any other land uses in the area which, although not predominant, 
may potentially affect water quality). Land use maps should be consulted to accurately document 
this information. 

Local Watershed Nonpoint Source Pollution: This item refers to problems and potential 
problems in the watershed. Nonpoint som·ce pollution is defined as diffuse agricultural and urban 
nmoff. Other compromising factors in a watershed that may affect water quality include feedlots, 
constructed wetlands, septic systems, dams and in1poundments, mine seepage, etc. 

Local Watershed Erosion: The existing or potential detachment of soil within the local watershed 
(the portion of the watershed or catchment that directly affects the stream reach or station under 
study) and its movement into the stream is noted. Erosion can be rated through visual observation 
of watershed and stream characteristics (note any turbidity observed during water quality 
assessment below). 

5.1.6 Riparian Vegetation 

An acceptable riparian zone includes a buffer strip of a minimum of 18m (Barton et al. 1985) 
from the stream on either side. The acceptable width of the riparian zone may also be variable 
depending on the size ofthe stream. Streams over 4 m in width may require larger riparian zones. 
The vegetation within the riparian zone is documented here as the dominant type and species, if 
lmown. 

5.1.7 Instream Features 

Instream features are measured or evaluated in the sampling reach and catchment as appropriate. 

Estimated Reach Lengt~: Measure or estimate the length of the sampling reach. This 
information is important if reaches of variable length are surveyed and assessed. 

Estimated Stream Width (in meters, m): Estimate the distance from bank to bank at a transect 
representative of the stream width in the reach. If variable widths, use an average to fmd that 
which is representative for the given reach. 

Sampling Reach Area (m2): Multiply the sampling reach length by the stream width to obtain a 
calculated surface area. 

Estimated Stream Depth (m): Estimate the vertical distance from water surface to strean1 bottom 
·at a representative depth (use instream habitat feature that is most common in reach) to obtain 
average depth. 
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I Velocity: Measure the surface velocity in the thalweg of a representative run area. If 
measurement is not done, estimate the velocity as slow, moderate, or fast. 

Canopy Cover: Note the general proportion of open to shaded area which best describes the 
amount of cover at the sampling reach or station. A densiometer may be used in place of visual 
estimation. 

High Water Mark (m): Estimate the vertical distance from the bankfull margin of the stream 
bank to the peak overflow level, as indicated by debris hanging in riparian or floodplain vegetation, 
and deposition of silt or soil. In instances where bank overflow is rare, a high water mark may not 
be evident. 

Proportion of Reach Represented by Stream Morphological Types: The proportion 
represented by riffles, runs, and pools should be noted to describe the morphological heterogeneity 
of the reach. 

Channelized: Indicate whether or not the area around the sampling reach or station is channelized 
(e.g., straightening of stream, bridge abutments and road crossings, diversions, etc.). 

Dam Present: Indicate the presence or absence of a dam upstream in the catchment or 
downstream of the sampling reach or station. If a dam is present, include specific information relat
ing to alteration of flow. 

5.1.8 Large Woody Debris 

Large Woody Debris (LWD) density, defmed and measured as described below, has been used_in 
regional surveys (Shields et al. 1995) and intensive studies of degraded and restored streams 
(Shields et al. 1998). The method was developed for sand or sand-and-gravel bed streams in the 
Southeastern U.S. that are wadeable at baseflow, with water widths between 1 and 30m (Cooper 
and Testa 1999). 

Cooper and Testa's (1999) procedure involves measurements based on visual estimates taken by a 
wading observer. Only woody debris actu~lly in contact with stream water is counted. Each 
woody debris formation with a surface area in the plane of the water surface >0.25 m2 is recorded. 
The estimated length arid width of each formation is recorded on a form or marked directly onto a 
stream reach drawing. Estimates are made to the nearest 0.5 m , and formations with length or 
width less than 0.5 m are not counted. Recorded length is maximum width in the direction 
perpendicular to the length. Maximum actual length and width of a limb, log, or accumulation are 
not considered. 

If only a portion of the log/limb is in contact with the water, only that portion in contact is 
measured. Root wads and logs/limbs in the water margin are counted if they contact the water, and 
are arbitrarily given a width of 0.5 m Lone individual limbs and logs are included in the 
determination-if-their diameter .is .10 em or .larger .(Keller and Swanson 1979, Ward .andAumen 
1986). Accumulations of smaller limbs and logs are included if the formation total length or width 
is 0.5 m or larger. Standing trees and stumps within the stream are also recorded if their length 
and width exceed 0.5 m. 

The length and width of each L WD formation are then multiplied, and the resulting products are 
summed to give the aquatic habitat area directly influenced. This area is then divided by the water 
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surface area (km2
) within the sampled reach (obtained by multiplying the average water surface 

width by reach length) to obtain LWD density. Density values of 103 to 104 m2/krn2 have been 
reported for chmmelized m1d incised streams and on the order of 105 m2~ for non-incised 
streams (Shields et al. 1995 and 1998). Tlus density is not an expression of the volume ofLWD, 
but rather a measure ofLWD influence on velocity, depth, m1d cover. 

5.1.9 Aquatic Vegetation 

T11e general type m1d relative dominm1ce of aquatic plants are documented in this section. Only an 
estin1ation of the extent of aquatic vegetation is made. Besides being m1 ecological assemblage that 
responds to perturbation, aquatic vegetation provides refugia m1d food for aquatic fauna. List the 
species of aquatic vegetation, iflmown. 

5.1.10 Water Quality 

Temperature ( 0 C), Conductivity or "Specific Conductance" (!lohms), Dissolved Oxygen 
(!lgiL), pH, Turbidity: Measure and record values for each of the water quality parameters 
indicated, using the appropriate calibrated water quality instrunlent( s). Note the type of instrument 
and unit number used. 

Water Odors: Note those odors described (or include any other odors not listed) that are 
associated with the water in the sampling area. 

Water Surface Oils: Note the term that best describes the relative an10unt of any oils present on 
the water surface. 

Turbidity: If turbidity is not measured directly, note the term whlch, based upon visual 
observation, best describes the mnount of material suspended in the water .column. 

5.1.11 Sediment/Substrate 

Sediment Odors: Disturb sediment in pool or other depositional areas and note any odors 
described (or include any other odors not listed) whlch are associated with sediment in the sampling 
reach. 

Sediment Oils: Note the term whlch best describes the relative mnmmt of any sediment oils 
observed in the smnpling area. 

Sediment Deposits: Note those deposits described (or include any other deposits not listed) that 
are present in the sampling reach. Also indicate whether the undersides of rocks not deeply 
embedded are black (which generally indicates low dissolved oxygen or m1aerobic conditions). 

Inorganic Substrate Components: Visually estimate the relative proportion of each of the 7 sub
strate/particle types listed that are present over the sampling reach. 

Organic Snbstrate Components: Indicate relative abundance of each of the 3 substrate types 
listed. 

Rapid Bioassessment Protocols for Use in Streams and Wadeable Rivers: Periphyton, Benthic 
Macro invertebrates, and Fish, Second Edition 5-5 

A0!l0078 



5.2 A VISUAL-BASED HABITAT ASSESSMENT 

Biological potential is limited by the quality of the physical habitat, forming the template within 
which biological communities develop (Southwood 1977). Thus, habitat assessment is defined as 
the evaluation of the structure of the surrounding physical habitat that influences the quality of the 
water resource and the condition of the resident aquatic community (Barbour et al. 1996a). For 
streams, an encompassing approach to assessing structure of the habitat includes an evaluation of 
the variety and quality of the substrate, channel morphology, bank structure, and riparian 
vegetation. Habitat parameters pertinent to the assessment of habitat quality include those that 
characterize the stream "micro scale" habitat (e.g., estimation of embeddeddness ), the "macro 
scale" features (e.g., channel morphology), and the riparian and bank structure features that are 
most often influential in affecting the other parameters. 

EQUIPMENT/SUPPLIES NEEDED FOR HABITAT 
ASSESSMENT AND PHYSICAL/WATER 

QUALITY CHARACTERIZATION 

Physical Characterization and Water.Quality Field 
Data Shed 
Habitat AssessmentField Data Sheet* 
clipboard 
pencils or waterproof pens 
35 mm camera (may be digital) 
video camera (optional) 
upstream/downstream "arrows" or signs for 
photographing and documenting sampling reaches 
Flow or velocity meter 
In situ water quality meters 
Global Positioning System (GPS) Unit 

*It is helpful to copy .field sheets onto water-resistant 
paper for use in wet weather conditions 

Rosgen (1985, 1994) presented a 
stream and river classification system 
that is founded on the premise that 
dynamically-stable stream channels 
have a morphology that provides 
appropriate distribution of flow 
energy during storm events. Further, 
he identifies 8 major variables that 
affect the stability of channel 
morphology, but are not mutually 
independent: c:b..annel width, c:b~n.nel 
depth, flow velocity, discharge, 
channel slope, roughness of channel 
materials, sediment load and sediment 
particle size distribution. \Vhen 
streams have one of these 
characteristics altered, some of their 
capability to dissipate energy 
properly is lost (Leopold et al. 1964, 
Rosgen 1985) and will result in 
accelerated rates of channel erosion. Some of the habitat structural components that function to 
dissipate flow energy are: 

sinuosity 

roughness of bed and bank materials 

presence of point bars (slope is an important characteristic) 

vegetative conditions of stream banks and the nparian zone 

condition of the floodplain (accessibility from bank, overflow, and size are 
important characteristics). 

Measurement of these parameters or characteristics serve to stratify and place streams into distinct 
classifications. However, none of these habitat classification techniques attempt to differentiate the 
quality of the habitat and the ability of the habitat to support the optimal biological condition of the 
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region. Much of our understanding of habitat relationships :in strean1s has emerged from 
comparative studies that describe statistical relationships between habitat variables and abundance 
of biota (Hawkins et al. 1993). However, in response to the need to :incorporate broader scale 
habitat assessments :in water resource programs, 2 types of approaches for evaluating habitat 
stmcture have been developed. h1 'the first; the Env:iro1n1'1ental Monitoring and Assessment 
Program (EMAP) of the USEPA and the National Water-Quality Assessment Program (NA WQA) 
of the USGS developed teclmiques that incorporate measurements ofvar.ious features of the 
instream, cham1el, and bank morphology (Meader et al. 1993, Klenu11 and Lazorchak1994). 
These techniques provide a relatively comprehensive characterization of the physical structure of 
the streatn sampling reach and its surrounding floodplain. The second type was a more rapid and 
qualitative habitat assessment approach that was developed to describe the overall quality of the 
physical habitat (Ba111982, Ohio EPA 1987, Plafkin et al. 1989, Barbour and Stribling 1991, 
1994, Ra11kin 1991, 1995). h1 this document, the more rapid visual-based approach is described. 
A cursory overview of the more quantitative approaches to characterizing the physical structure of 
the habitat is provided. 

The habitat assessment matrix developed for the Rapid Bioassessment Protocols (RBPs) :in Plafkin 
et al. (1989) were originally based on the Stream Classification Guidelines for Wisconsin 
developed by Ball (1982) and "Methods of Evaluating Stream, Riparian, and Biotic Conditions" 
developed by Platts et al. (1983). Barbour and Stribling (1991, 1994) modifi~;Jd the habitat 
assessment approach originally developed for the RBPs to :include additional assessment 
parameters for high gradient streams and a more appropriate parameter set for low gradient 
streams (Appendix A-1, Forms 2,3). All parameters are evaluated and rated on a numerical scale 
of 0 to 20 (highest) for each sampling reach. The ratings are then totaled and compared to a 
reference condition to provide a fmal habitat ranking. Scores :increase as habitat quality increases. 
To ensure consistency in the evaluation procedure, descriptions of the physical parameters and 
relative criteria are included in the ratil'Jg form. 

The Environmental Agency of Great Britain (Environment Agency of England and Wales, Scottish 
Environment Protection Agency, and Environment and Heritage Service ofNorthem Ireland) have 
developed a River Habitat Survey (RHS) for characterizing the quality of their streams and rivers 
(Raven et al. 1998). The approach used :in Great Britain is similar to the visual-based habitat 
assessment used :in the US :in that scores are assigned to ranges of conditions of various habitat 
parameters. 

A biologist who is well versed in the ecology and zoogeography of the region can generally 
recognize optinlal habitat structure as it relates to the biological community. The ability to 
accurately assess the quality of the physical habitat structure using a visual-based approach 
depends on several factors: 

the paran1eters selected to represent the various features of habitat structure need 
to be relevant and clearly defined 

a continuum of conditions for each parameter must exist that can be characterized 
from the opt:in1un1 for the region or stream type under study to the poorest 
situation reflecting substantial alteration due to anthropogenic activities 
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! the judgement criteria for the attributes of each parameter should minimize 
subjectivity through either quantitative measurements or specific categorical 
choices 

the investigators are experienced in or adequately trained for stream assessments 
in the region under study (Hannaford et al. 1997) 

adequate documentation and ongoing training is maintained to evaluate and correct 
errors resulting in outliers and aberrant assessments. 

·Habitat evaluations are first made on instream habitat, followed by channel morphology, bank 
structural features, and riparian vegetation. Generally, a single, comprehensive assessment is made 
that incorporates features of the entire sampling reach as well as selected features of the catchment 
Additional assessments may be made on neighboring reaches to provide a broader evaluation of 
habitat quality for the stream ecosystem. The actual habitat assessment process involves rating the 
10 parameters as optimal, suboptimal, marginal, or poor based on the criteria included on the 
Habitat Assessment Field Data Sheets (Appendix A-1, Forms 2,3). Some state programs, such as 
Florida Department of Environmental Protection (DEP) (1996) and Mid-Atlantic Coastal Streams 
Workgroup (MACS) (1996) have adapted this approach using somewhat fewer and different 
parameters. 

Reference conditions are used to scale the assessment to the "best attainable" situation. This 
approach is critical to the assessment because stream characteristics will vary dramatically across 
different regions (Barbour and Stribling 1991). The ratio between t..qe score for the test station and 
the score for the reference condition provides a percent comparability measure for each station. 
The station of interest is.then classified on the basis of its similarity to expected conditions 
(reference condition), and its apparent potential to support an acceptable level of biological health. 
Use of a percent comparability evaluation allows for regional and stream-size differences which 
affect flow or velocity, substrate, and channel morphology. Some regions are characterized by 
streams. having a low channel gradient, such as coastal plains or prairie regions. 

Other habitat assessment approaches or a more rigorously quantitative approach to measuring the 
habitat parameters may be used (See Klemm and Lazorchak 1994, Kau:frnann and Robison 1997,: 
Meader et al. 1993). However, holistic and rapid assessment of a wide variety of habitat attributes 
along with other types of data is critical if physical measurements are to be used to best advantage 
in interpreting biological data. A more detailed discussion of the relationship between habitat 
quality and biological condition is presented in Chapter 10. 

A generic habitat assessment approach based on visual observation can be separated into 2 basic 
approaches--one designed for high-gradient streams and one designed for low-gradient streams. 
High-gradient or riffle/run prevalent streams are those in moderate· to high gradient landscapes. 
Natural high-gradient streams have substrates primarily composed of coarse sediment particles 
(i.e., gravel or larger) or frequent coarse particulate aggregations along stream reaches. Low
gradient or glide/pool prevalent streams are those in low to moderate gradient landscapes. Natural 
low-gradient streams have substrates offme sediment or infrequent aggregationS of more coarse 
(gravel or larger) sediment particles along stream reaches. The entire sampling reach is evaluated 
for each parameter. Descriptions of each parameter and its relevance to instream biota are 
presented in the following discussion. Parameters that are used only for high-gradient prevalent 
streams are marked with an "a"; those for low-gradient dominant streams, a "b". If a parameter is 
used for both stream types, it is not marked with a letter. A brief set of decision criteria is given 
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for each parameter corresponding to each of the 4 categories reflecting a continuum of conditions 
on the field sheet (optimal, suboptimal, marginal, and poor). Refer to Appendix A-1, Forms 2 and 
3, for a complete field assessment guide. 
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PROCEDURE FOR PERFORMING HABITAT ASSESSMENT 

1. Select the reach to be assessed. The habitat assessment is performed on the same 1 00 m reach (or 
other reach designation [e.g., 40 x stream wetted width]) from which the biological sampling is 
conducted. Some parameters require an observation of a broader section of the catchment·thanjust 
the sampling reach. 

2. Complete the station identification section of each field data sheet and habitat assessment form. 

3. It is best for the investigators to obtain a close look at the habitat features to make an adequate 
assessment. If the physical and water quality characterization and habitat assessment are done 
before the biological sampling, care must be taken to avoid disturbing the sampling habitat. 

4. Complete the Physical CharacterizatioJ;J. and Water Quality Field Data Sheet. Ske~ch a map of 
the sampling reach on the back of this form. 

5. Complete the Habitat Assessment Field Data Sheet, in a team of2 or more biologists, if possible, 
to come to a consensus on determination of quality. Those parameters to be evaluated on a scale 
greater than a sampling reach require traversing the. stream corridor to the extent deemed necessary 
to assess the habitat feature. As a general rule-of-thumb, use 2 lengths of the sampling reach to 
assess these parameters: 

QUALITY ASSURANCE PROCEDURES 

1. Each biologist is to be trained in the visual-based habitat assessment technique for the applicable 
region or state. 

2. The judgment criteria for each habitat parameter are calibrated for the stream classes under study. 
Some text modifications may be needed on a regional basis. · 

3. Periodic checks of assessment results are completed using pictures of the sampling reach and 
discussions among the biologists in the agency. 
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Parameters to be evaluated in sampling reach: 

1 EPIFAUNAL SUBSTRATE/AVAILABLE COVER 

high and low 
gradient streams 

Includes the relative quantity and variety of natural structures in the 
stream, such as cobble (riffles), large rocks, fallen trees, logs and branches, 
and undercut banks, available as refl.lgia, feeding, or sites for spawning 
and nursery functions of aquatic macrofauna. A wide variety and/or 
abtmdance of submerged stmctures in the stream provides 
macroinvertebrates ahd fish with a large number of niches, thus increasing 
habitat diversity. As variety and abundance of cover decreases, habitat 
structure becomes monotonous, diversi\y decreases, and the potential for 
recovery following disturbm1ce decreases. Riffles and runs are critical for 
maintaining a variety and abundance of insects in most high~gradient 
strean1s and serving as spawning and feeding refugia for certain fish. The 
extent and quality of the riffle is an important factor in the support of a 
healthy biological condition in high~gradient strean1s. Riffles and runs 
offer a diversity of habitat through variety of particle size, m1d, in many 
small high~gradient streams, will provide the most stable habitat. Snags 
and submerged logs ·are among the most productive habitat structure for 
macroinvertebrate colonization m1d fish refugia in low~gradient stremns. 
However, "new fall" will not yet be suitable for colonization. 

Selected 
References 

Wesche et al. 1985, Pearsons et al. 1992, Gorman 1988, Rankin 1991, 
Barbour and Stribling 1991, Plafkin et al. 1989, Platts et al. 1983, 
Osbome et al. 1991, Benke et al. 1984, Wallace et al. 1996, Bal11982, 
MacDonald et al. 1991, Reice 1980, Clements 1987, Hawkins et al. 1982, 
Beechie and Sibley 1997. 

Habitat Condition Category 

Parameter Optimal Suboptimal Marginal Poor 

Greater than 70% (~0% 40-70% (30-50% for low 20-40% (10-30% for low Less than 20% (I 0% for 
1. Epifaunal for low gradient streams) gradient streams) mix of gradient streams) mix of low gradient streams) 
Substrate/ of substrate favorable for stable habitat; well-suited stable habitat; habitat stable habitat; lack of 
Available Cover epifaunal colonization and for full colonization availability less than habitat is obvious; 

fish cover; mix of snags, potential; adequate habitat desirable; substrate substrate unstable or 
submerged Jogs, undercut for maintenance of frequently disturbed or lacking. 

(high and low banks, cobble cir other populations; presence of removed. 
gradient) stable habitat and at stage additional substrate in the 

to allow full colonization form ofnewfall, but not 
potential (i.e., logs/snags yet prepared for 
that are !lQ! new fall and colonization (may rate at 
not transient). high end of scale). 

. . ' I SCORE : 20 : 1-9 ' ,, 1-8' . >]7 1:6: ; '15 14 . 1§ . t2 ll :: J(i) .. 9 8 _.:7 ..... :6 '·. .5 4· .. 32 . 1 0 _, 
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la. Epifaunal Substrate/Available Cover-High Gradient 

Poor Range 

·Optimal Range 

lb. Epifaunal Substrate/Available Cover-Low Gradient 

Optimal Range (Mary Kay Corazalla, u of Minn.) Poor Range 
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2a 
high gradient 

streams 

Selected 
References 

Habitat 
Parameter 

EMBEDDED NESS 

Refers to the extent to which rocks (gravel, cobble, and boulders) and 
snags are covered or suJ:1ke11 into the silt, sand, or mud of the stream 
bottom. Generally, as rocks become embedded, the surface area available 
to macroinvertebrates and fish (shelter, spawning, and egg incubation) is 
decreased. Embeddedness is a result of large-scale sediment movement 
and deposition, and is a parameter evaluated in the riffles and runs of high
gradient streams. The rating of this paran1.eter nJ.ay be variable depending 
on where the observations are taken. To avoid confusion with sediment 
deposition (another habitat parameter), observations of embeddedness 
should be taken in 1he upstream and central portions of riffles and cobble 
substrate areas. 

Balll982, Osborne et al. 1991, Barbour and Stribling 1991, Platts et al. 
1983, MacDonald et al. 1991, Rru'lkin 1991, Reice 1980, CleDfents 1987, 
Benke et al. 1984, Hawkins et al. 1982, Burton and Harvey 1990. 

Condition Category 

Optimal Suboptimal Marginal Poor 

Gravel, cobble, and Gravel, cobble, and . Gravel, cobble, and Gravel, cobble, and 
2.a Embeddedness boulder particles.are 0- boulder particles are 25- boulder particles are 50- boulder particles are more 

25% surrounded by fine 50% surrounded by fine 75% surrounded by fine than 75% surrounded by 
(high gradient) sediment. Layering of sediment. sediment. fme sediment. 

cobble provides diversity of 
niche space. 

2a. Embeddedness-High Gradient 
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2b 
low gradient 

streams 

Selected 
References 

Habitat 
Parameter 

POOL SUBSTRATE CHARACTERIZATION 

Evaluates the type and condition of bottom substrates found in pools. 
Firmer sediment types (e.g., gravel, sand) and rooted aquatic plants support 
a wider variety of organisms than a pool substrate dominated by mud or 
bedrock and no plants. In addition, a stream that has a uniform substrate in 
its pools will support far fewer types of organisms than a stream that has a 
variety of substrate types. 

Beschta and Platts 1986, U.S. EPA 1983. 

Condition Category 

Optimal Suboptimal Marginal Poor 

Mixture of substrate Mixture of soft sand, mud, 
2b. Pool Substrate 
Characterization 

materials, with gravel and or clay; mud may be 
firm sand prevalent; root dominant; some root mats · 

All mud or clay or sand 
bottom; little or no root 
mat; no submerged 
vegetation. 

Hard-pan clay or bedrock; 
no root mat or submerged 
vegetation. 

(low gradient) 

SCORE 

Optimal Range 

mats and submerged and submerged vegetation 
vegetation common. present. 

2b. Pool Substrate Characterization-Low Gradient 

Poor Range 

(Mary ](,(1)! Corq,zallg,. U. ofMimz) 
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3a VELOCITY/DEPTH COMBINATIONS 

high gradient 
streams 

Pattems of velocity and depth are included for high-gradient streams under 
this parameter as an important feat1rre of habitat diversity. The best 
streams in most high-gradient regions wi.ll have all4 pattems present: (1) 
slow-deep, (2) slow-shallow, (3) fast-deep, and (4) fast-shallow. The 
general guidelines are 0.5 m depth to sepa:rate shallow from deep, and 0.3 
m/sec to separate fast from slow. The occurrence of these 4 pattems 
relates to the stream's ability to provide and maintain a stable aquatic 
envi.rom11ent. 

Selected 
References 

Bal11982, Brown and Brussock 1991, Gore and Judy 1981, Oswood and 
Barber 1982. 

Habitat Condition Categocy 

P ararrieter Optirtial Suboptimal Marginal Poor 

A114 velocity/depth Oiily 3 of the 4 regimes Only 2 of the 4 habitat Dominated by 1 velocity/ 
3a. Velocity/ Depth regimes present (slow-deep, present (iffast-slmllow is regimes present (if fast- depth regime (usually 
Regimes slow-shallow, fast-deep, missing, score lower than if shallow or slow-shallow slow-deep). 

fast-shallow). missing other regimes). are missing, score low). 
(high gradient) (slow is <0.3 rnls, deep is 

>O.Sm) 

SCORE -20 19 18 17 16 15 .14 l3 12 n: 10 9 8 7 :6 5 4 .3 2 .'11 iQ .. : 

3a. VeloCity/Depth Regimei)~High Gradient 

Optimal Range (MmyXay Corazalla, u. of Minn.) Poor Range 
(arrows emphasize different velocity/depth regimes) 

(William Taft, Ml DNR) 
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3b 
low gradient 

streams 

Selected 
References 

Habitat 
Parameter 

POOL VARIABILITY 

Rates the overall mixture of pool types found in streams, according to size 
and depth. TheA basic types of pools are large-shallow, large-deep, small
shallow, and small-deep. A stream with many pool types will support a 
wide variety of aquatic species. Rivers with low sinuosity (few bends) and 
monotonous pool characteristics do not have sufficient quantities and types 
of habitat to support a diverse aquatic community. General guidelines are 
any pool dimension (i.e., length, width, oblique) greater than half the cross
section of the stream for separating large from small and 1 m depth 
separating shallow and deep. 

Beschta and Platts 1986, USEPA 1983. 

Condition Catel(ory 

Optimal Suboptimal Marginal Poor 

3b. Pool 
Variability 

Even mix of large- Majority of pools large
shallow, large-deep, small- deep; ve:ry few shallow. 
shallow, small-deep pools 

Shallow pools much more Majority of pools small
prevalent than deep pools. shallow or pools absent. 

present. 
Oow gradient) 

!SCORE 1':iOJ ;.}90: 18;·, :·Ii':YL 1'6''1 :'15<·· i·4· .:B .Jl2··· :U. · W :-9c:: ::8: .7/ .. :.:6 "':h"•:S' 4:' ·3 · :2 ''k :@J,<•'d! 

3b. Pool Variability-Low Gradient 

Optimal Range (Peggy Morgan, FL DEP) Poor Range (William Taft, MI DNR) 
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4 SEDIMENT DEPOSITION 

high and low 
gradient streams 

Measmes the amount of sediment that has accumulated in pools and the 
changes that have occurred to the strean1 bottom as a result of deposition. 
Deposition occms from large-scale movement of sediment. Sediment 
deposition may cause tl1e formation of islands, point bars (areas of 
increased deposition l.lsually at tl1e beginning of a meander that increase in 
size as tl1e chrumel is diverted toward tl1e outer ba.t1k) or shoals, or result in 
the filling of runs a.t1d pools, Usually deposition is evident in areas tl1at are 
obstJmcted by natuxal or manmade debris and areas where the strerun flow 
decreases, such as bends. High levels of sediment deposition are 
symptoms of a.t1 tmstable a.t1d continually changing environment that 
becomes unsuitable for rnany orga.tllsms. 

Selected 
References 

MacDonald et al. 1991, Platts et al. 1983, Ball1982, Armour et al. 1991, 
Barbour and Stribling 1991, Rosgen 1985. 

:aabitat Condition Category 

Parameter Oo.tiinal Sub<mtimal .Marginal Poor 

Little or no enlargement of 'Some new increase in bar Moderate deposition of Heavy deposits of fine 
4. Sediment islands or point bars and formation, mostly'from new gravel, sand or fine material, increased bar 
Deposition Jess than 5% ( <20% for gravel, sand or fme sediment on old and new development; more than 

low-gradient streams) of sediment; bar~; 30-50% (50-80% for 50% (80% for low-
(high and low the bottom affected by 5-30% (20-50% for low- low-gradient) of the gradient) of the bottom 
gradient) sediment deposition. gradient) of the bottom bottom affected; sediment changing frequently; pools 

affected; slight deposition deposits at obstruction~, almost absent due to 
in pools. constrictions, and bends; substantial sediment 

moderate deposition of deposition. 
pools prevalel)t. 

SCORE ·· 2@';;•'-4!9''':'1'8':~ ·r;J,:.'·.J.s>' :.·fs:,;•·:.··Ill:>: ,.n··:;p:,.t:2•'e;Wa':~; lie ::11Y;;;;~ij;'~i;.··,R·;·;.: 7;~ ;,''l.)c•·:.:f'.''3'ic2' • a.· :0.1 
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4a. Sediment Deposition-High Gradient 

Optimal Range Poor Range 
(arrow pointing.to sediment deposition) 

4b. Sediment Deposition-Low Gradient 

(arrows pointing to .sediment deposition) 

Optimal Range 
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5 
high and low 

gradient streams 

Selected 
References 

Habitat 
Parameter 

CHANNEL FLOW STATUS 

The degree to which the cha.tmel is filled with water. The flow status will 
change as the channel enlarges (e.g., aggrading stream beds with actively 
widening channels) or as flow decreases as a result of dams and other 
obstructions, diversions for irrigation, or drought. When water does not 
cover much of the streambed, the ammmt of suitable substrate for aquatic 
organisms is limited. h1 high-gradient streams, riffles and cobble Sl,lbstrate 
are exposed; in low-gradient streams, the decrease in water level exposes 
logs and snags, thereby reducing the areas of good habitat. Channel flow is 
especi<J.lly useful for interpreting biological condition under abnormal or 
lowered flow conditions. This parameter becomes nnportant when more 
than one biological i11dex period is used for surveys or the timing of 
sampli11g is inconsistent among sites or rumual periodicity. 

Rankin 1991, Rosgen 1985, Hupp and Snnon 1986, MacDonald et al. 
1991, Ball 1982, Hicks et al. 1991. 

Condftiim Category 

Optimal Suboptimal Marginal Poor 

5. Channel Flow 
Status 

Water reaches base of both. Water fills >75% of the 
lower banks, and minimal available channel; or 

Water fills 25-75% of the 
available channel, and/or 
riffle substrates are mostly 
exposed. 

Very little water in 
channel. and mostly 
present as Standing pools. 

(high and low 
gradient) 

SCORE 

amount' of channel <25% of channel substrate 
substrate is exposed. is exposed. 
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Optimal Range 

5-20 

Sa. Channel Flow Status-High Gradient 

(arrow showing that water is not reaching both banks; leaving much 
of channel uncovered) 

Sb. Channel Flow Status-Low Gradient 

Poor Range (James Stahl, IN DEM) 
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Parameters to be evaluated broader than sampling reach: 

6 CHANNEL ALTEMTION 

high and low 
gradient streams 

Is a measure of large-scale changes in the shape of the stream channel. 
Many siTeams in urban and agricultural areas have been straightened, 
deepened, or diverted into concrete channels, often for flood control or 
irrigation purposes. Such strean1s have far fewer natural habitats for fish, 
macroinvertebrates, and plants than do naturally meandering stream,s. 
Channel alteration is present when artificial embankments, riprap, and 
other forms of artificial bank stabilization or structures are present; when 
the stream is very straight for. significant distances; when dams and bridges 
are present; and when other such changes have occurred. Scouring is often 
associated with chmmel alteration. 

Selected 
References 

Barbour and Stribling 1991, Simon 1989a, b, Simon and Hupp 1987, 
Hupp and Simon 1986, Hupp 1992, Rosgen 1985, Rankin 1991, 
MacDonald et al. 1991. 

Habitat Condition Category 

Parameter Ootimal Suboptimal Margirtal Poor 

Channelization or Some ·channelization Channelization may be Banks shored with gabion 
6. Channel dredging absent or present, usually in areas of extensive; embartlanents or cement; over 80% of 
Alteration minimal; stream with bridge abutments; or shoring structures the stream reach 

normal pattern. evidence of past present on both banks; and channelized and disrupted. 
(high.and low channelization, i.e., 40 to 80% of stream reach Instream habitat greatly 
gradient) dredging, (greater than channelized and disrupted. altered or removed 

past 20 yr) maY be entirely. 
·present, buHecent 
channelization is not 
present. 

SCORE 1·?.1'1 :.::i:o,~··•u;fi·;·~t~.::-<.1·!<•;• li•h(.;; , '""' Sh:)) •. :,!ri'(•~:xit.' ::::~.110'·'· .:":•9 8 7 . 6 \ . :5 . &:.:'·" ·-~·J•\·:•i·<.'f:. :it)·. 
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Optimal Range 

5-22 

6a. ·channel Alteration-High Gradient 

Poor Range 
(arrows emphasizing large-scale channel 
alterations) 

6b. Channel Alteration-Low Gradient 

Poor Range (John Maxted, DE DNREC) 
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7a FREQUENCY OF RIFFLES (OR BENDS) 

high gradient 
streams 

Is a way to measure the seqlJence of riffles and thus the heterogeneity 
occurring in a stream. Riffles are a source ofhigh~quality habitat and 
diverse fauna, therefore, an increased frequency of occurrence greatly 
enhances the diversity of the stream conummiiy. For high gradient streams 
where distinct riffles are l,l:nconunon, a nm/bend ratio can be used as a 
meastn·e ofmeandering or sinuosity (see 7b). A high degree.ofsinuosiiy 
provides for diverse habitat and falma, and the stream is better able to 
handle surges when the stream fluctuates as a result of storms. The 
absorptio~1 of this energy by bei).ds protects the stream from excessive 
erosion and flooding and provides refq.gia for benthic invertebrates and fish 
dUl.'ing storm events. To gain an appreciation of this parameter in some 
streams, a longer segment or reach than that designated for san1pling 
shoL!ld be incorporated into the evaluation. h). some situations, this 
parameter may be rated from viewing accurate topographical maps. The 
"sequencing" pattern of the stream morphology is important in rating this 
parameter.· In headwaters, riffles are usually continuous and the presence 
of cascades or boulders provides a form of sinuosity and enhances the 
structure of the stream. A stable channel is one that does not exhibit 
progressive changes in slope, shape, or dimensions, although short~term 
variations may occur during floods (Gordon et al. 1992). 

Selected Hupp and Simon 1991, Brussock and Br.own1991, Platts et al. 1983, 
References Rankin 1991, Rosgen 1985, 1994, 1996, Osborne and Hendricks 1983, 

Hughes and Omemik 1983, Cushman 1985, Bain and Boltz 1989, 
Gislason 1985, Hawkins et al. 1982, Statzner et al. 1988 . 

Habitat . Condition Category 

Parameter Optimal Suboprlinal Marginal Poor 

7a. Frequency of Occurrence of riffles Occurrence ofriffles Occasional riffle or bend; Generally all flat water or 
Riffles (or bends) relatively frequent; ratio infrequent; distance bottom contours provide shallow riffles; poor 

of distance between riffles between riffles divided by some habitat; distance habitat; distance between 
(high gradient) divided by width of the the width of the stream is between riffles divided by riffles divided by the 

stream <7: 1 (generally 5 between 7 to 15. the width of the stream is width of the stream is a 
to 7); variety of habitat is between 15 to 25. ratio of>25. 
key. In streams where 
riffles are continuous, 
placement of boulders or 
other large, natural 
obstruction is important. 

SCORE .'20: '}~)' rs: l7 J·6: as 14' ·B· .·"1'2. 'l]'i Io:. ·. 9 '8 7 6 5 .4. 3 2.1: i0: .. .! 
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Frequency ofRiffles (or bends)-High Gradient 

(arrowsshowing fr.equency of riffles and 
bends) 

Poor Range 

"7h CHANNEL SINUOSITY 
/U 

low gradient Evaluates the meandering or s:inuosity of the stream. A high degree of 
streams sinuosity provides for diverse habitat and fauna, and the stream is better 

a,ble to handle surges when the stream fluctuates as a result of storms. The 
absorption of this energy by bends pr()tects the stream from excessive 
erosion and floodll!,,g and provi4es ry.fil&ia f()r benthic iJ:J.vertebrates _and fish 
during st~nn events. To gru_; ail ~ppreci~tion ~filii~ para:tileter ~low 
gradient streams, a longer segment or reach than that designated for 
sampl:ing may be :incorporated :into the evalua,tion. In some situations, this 
parameter may be rated from viewing accurate topographical maps. The 
"sequenc:ing" pattern of the stream morphology is important in rat:ing this 
parameter. In "oxbow" streams of coastal areas and deltas, meanders are 
highly exaggerated and transient. Natural conditions in these streams are 
shifting channels and bends, and alteration is usually :in the form of flow 
regulation and diversion. A stable channel is one that does not exhibit 
progressive changes :in slope, shape, or dimensions, although short-term 
variations may occur during floods (Gordon et al. 1992). 

Selected Hupp and Simon 1991, Brussock and Brown 1991, Platts et al. 1983, 
Bef~r~l1CJ~.S Ra.nkin.199l, Rosge:n 1985.,1994, l9.96.,.0sb.ome and.Hendricks 19.83_, 

Hughes and Omemik 1983, Cushman 1985, Ba:in and Boltz 1989, 
Gislason 1985, Hawkins et al. 1982, Statzner et al. 1988. 
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Habitat Condition ·Category 

Parameter Opthital Suboptimal Marginal Poor 

7b.Channcl The bends in the stream The bends in the stream The bends in the stream Cha,nnel straight; 
~inuosity increase the stream length increase the stream length increase the stream length w;;~terway has been 

3 to 4 times longer than if 2 to 3 times longer than if 1 to 2 times longer than if channelized for a long 
(low gradient) it was in a straight line. it was in a straight line. it was in a straight line. distance. 

(Nate " channel braiding is 
considered normal in 
coastal plains and other 
low-lying areas. This 
parameter is not easily 
rated in these areas.) 

SCORE 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 I 

7b. Channel Sinuosity-Low Gradient 
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8 
high and low 

gradient streams 

Selected 
References 

Habitat 

8. Bank Stability 

BANK STABILITY (condition of banks) 

Measures whether the stream banks are eroded (or have the potential for 
erosion). Steep banks are more likely to collapse and suffer from erosion 
than are gently sloping banks, and are therefore considered to be unstable. 
Signs of erosion include crumbling, unvegetated banks, exposed tree roots, 
and exposed soil. Eroded banks indicate a problem of sediment movement 
and deposition, and suggest a scarcity of cover and organic input to 
streams. Each bank is evaluated separately and the cumulative score (right 
and left) is used for this parameter. 

Balll982, MacDonald et al. 1991, Annour et al. 1991, Barbour and 
Stribling 1991, Hupp and Simon 1986, 1991, Simon 1989a, Hupp 1992, 
Hicks et al. 1991, Osborne et al. 1991, Rosgen 1994, 1996. 

(score.each bank) absent or minimal; little 

Moderately sfa,ble; 
infrequent, small. areas of 
erosion mostly healed 
over. 5-30% ofbank in 
reach. has areas of erosion. 

60% cifbank in reach has 
areas of erosion; high 
erosion potential during 
floods. 

area~; 11raw1
' areas 

frequent along straight 
sections and bends; 
olivlous bank sloughing; 
60-100% of bank has 
erosional scars. 

potential for future 
Note: determine problems. <5% of bank 
left or right side by affected. 
facing downstream 

(high and low 
gradient) 

SCORE_(LB) 

5-26 Chapter 5: Habitat Assessment and Physicochemical Parameters 

A01.00~9 



8a. Bank Stability (condition of banks )-High Gradient 

Optimal Range Poor Range . (MD S~ve Our Streams) 
(arrow pointing to stable streambanks) (arrow highlighting unstable stream banks) 

. 8b. Bank Stability (condition Ofbanks)-Low Gradient 

(Peggy Morgan, FL DEP) Poor Range 
(arrow highlighting unstable streambanks) 
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9 BANK VEGETATIVE PROTECTION 

high and low 
gradient streams 

Measures the amount of vegetative protection afforded to the stream bank 
and the near~stream portion ofthe riparian zone. The root systems of 
plants growing on stream banks help hold soil in place, thereby reducing 
the amount of erosion that is likely to occur. This parameter supplies 
information on the ability of the bank to resist erosion as well as some 
additional'rnformation on the uptake of nutrients by the plants, the control 
of instream scouring, and stream shading. Banks that have full, natural 
plant growth are better for fish and macroinvertebrates than are banks 
without vegetative protection or those shored up with concrete or riprap. 
This pwameter is made more effective by defining the native vegetation for 
the region and stream type (ie:, shrubs, trees, etc.). In some regions, the 
introduction of exotics has virtually replaced all native vegetation. The 
value of exotic vegetation to the quality of the habitat structure and 
contribution to the stream ecosystem mus~ be considered in this parameter. 
In areas of high grazing pressure from livestock or where residential and 
urban development ·activities clisrupt the riparian zone, the growth of a . 
natural plant community is impeded and can extend to the bank vegetative 
protection zone. Each bank is evaluated separately and the cu'mulative 
$COre (right and left) is used for this parameter. 

Selected Platts et al. 1983, Hupp and·Si..T.on 1986, 1991, Si..T.on a...11d Hupp 1987, 
Ball 1982, Osborne et al. 1991, Rankin 1991, Barbour and Stribling 1991, 
MacDonald etal. 1991, A.rrp.our et al. 1991, Myers and Swanson 1991, 
Bauer and Burton 1993. 

References 

Habitat Condition Category 

Parameter ,,.. Optimal ... , Suboptimal.·. . .. , .MarginaL Po.or 

More than 90% of the 70-90% of the streambank 50-70% ofthe streambank Less than 50% of the 
9. Vegetative streambank surfaces and surfaces covered by native surfaces coveredby . streambank surfaces 
Protection (score immediate riparian zones vegetation, but one class vege:tation; disruption covered by vegetation; 
each bank) covered by native ' tifplants is not well- .·obVious; patches of bare disruption of streambank 

vegetation, including represented; disruption soil or closely cropped vegetation is very high; 
Note: determine trees, iinderstory shrubs, evident:but not affecting vegetation common; less vegetation has been 
left or right side by ornonwoody full plant growth potential than one-half of the removed to 
facirig macrophytes; vegetative to any great extent; more potential plant stubble 5 centimeters or less in 
downstream. disruption through grazing than one-half of the height remaining. average stubble height. 

or mowing minimal or not potential plant stubble 
(high and low evident; almost all plants height remaining. 
gradient) allowed .to grow naturally. 

SCORE _(LB) ,Lbft:Bailk::C. :; :;ro ;:'9'':;. ' l'!t;· ... ;s<':;, 7-· 6 :5 
.. . · ··· ·. A>; : .. _ cs< , .. ' i>;:'·· ;2'·/--·. •J)i</QJ.··: . 

SCORE (RB) c'Kiii:h't:Bank . 1xi~:·(9:0:'ti li· (,s· :c· 7 ·. 6 ·" ...... I :.,,_s·:,, .. ;i(ci/,_: .'!3 ,,. ·:l• ·z '1 '". </:··.Q\>.-.,. 
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9a. Bank Vegetative Protection-High Gradient 

Optimal Range 
(arrow pointing to streambarikw.ith high level of vegetative 
cover) 

Poor Range 
(arrow pointing to streambank with ainiost no vegetative cover) 

9b. Bank V ~getative Protection-Low Gradient 

Poor Range (MD Save Our 
(arrow pointing to channelized streambank with no vegetative 
cover) 
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10 RIPARIA-N VEGETATIVE ZONE WIDTH 

high and low 
gradient streams 

Measures the width of :natural veg~tation from the edge of the stream bank 
oilt through the riparian z6ne. Ti1e vegetatiw: zone serves as a buffer to 
pollutants entering a stream from runoff, controls erosion, and provides 
ha,bitat and nutrient input into the stream. A relatively undisturbed 
riparian. zone supports a robust su:eam system; narrow riparian zones 
occur when roads, parking lots, fields, lawns, bare soil, rocks, or buildings 
are near the stream bank. Residential developments, urban centers, golf 
courses, and rangeland are the cmm11on canses of anthropogenic 
degntclation of the riparian zone. Conversely, the presence of "old field" 
(i.e., a previously developed fielcl not curre11tly in use), paths, and 
walkways in an otherwise undisturbed riparian zone 111.ay be judged to be 
inconsequential to alteri11g the riparian zone and may be given relatively 
high scores. For variable size streams, the specified width of a desirable 
riparian zone may also be variable and may be best determined by some 
multiple of stream width (e.g., 4 x wetted stream width). Each bank is 
evaluated separately and the cumulative score (right and left) is used for 
this parameter. 

Selected 
.References 

Barton et al. 19S5, Naiman et al. 1993, Hupp 1992, Gregory $t a1. 1991, 
Platts et al. 1983, Rankin 1991, Barbour and Stribling 1991, Bauer and 
Burton 1993. 

Habitat 
Parameter 

10. Riparian 
Vegetative Zone 
Width (score each 
bank riparian 
zone) 

(high and low 
gradient) 

Optimal 

Width of riparian zone 
> 18 meters; hum~ 
acti~ities (i.e., parking. 
lots, roadbeds, clear-cuts, 
lawns, or crops) have not 
impacted zone. 

Condition Category 

Suboptimal Marginal 

Width of riparian zone 12-
18 meters; human 
actiVities hiwe ilnjJacted 
zone only minimally. 

Width of riparian zone 6-
12 meters; h1J111an 
activities have impacted 
zone a great deal. 

· Poor 

Width of riparian zone <6 
met~rs: little or no ripari~ 
vegetation due to human 
activities. 

SCORE __ ~B) ~L~e~ft=B=~~k~--~~~~~~~~~~~~~~~--~~~~~--~~~~ 
SCORE (RB) . Right Bartl<:· 

.10:. 9: i ' ,:g,: '7 > 
. ;o> I 

i ,: 7 .. 6 
5 .. 4 . .. 3 -· I ·'· . '.2:: " . Jl':_, :0 . 

.i.0L. .j,Q 8 -I .. 5 4 : 3. l ... . 2 ··- '· ,J}l . .. 
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lOa. Riparian Vegetative Zone Width-High Gradient 

OptimaJ Range Poor Range 
(arrow pointing out ari undistl.lrbed riparian zone) · (arrow pointing out lack of riparian zone) 

lOb. .Riparian Vegetative Zone Width-Low Gradient 

I 

Poor Range (MD Save Ow.· Streams) 
(arrow emphasizing lack of riparian zone) 

j 
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5.3 ADDITIONS OF. QUANTITATIVE MEASURES TO THE 
HABITAT ASSESSMENT 

Kau:finmm (1993) identified 7 general physical habitat attributes important inurfluencing stream 
ecology. TI1ese u1clude: · 

channel di.Inensions 

chmmel gradient 

channel substrate size and type 

habitat complexity and cover 

riparian vegetation cover and structure 

anthropogenic alterations 

channel-riparian h1teraction. 

All ofthese attributes varynatur~:lly, as do biological characteristics; thus expectations differ even 
ill the absence of ~thr:opggenic ¢!isturbances. Within a given physiqgraphic-clhnatic region, 
stream drainage a.tea and overa11 stteam gradient are likely to be strong l1atura:l determinants of 
many aspects of stream habitat, because of their influence on discharge, flood stage, and stream 
power (the product of discharge thnes gradient). h1 addition, all of these attributes may be directly 
or indirec:tly altered by anthropogenic activities. 

In Section 5.2, an approach is described whereby habitat qua:lity is interpreted directly h1the field 
by biologists while sampling the stream reach. This Level 1 approach is observational and requires 
only one person (although a te::rrn.app.roach is recO!l11Jl,e:r:tded) and~takes about 15 to 20 JJJ.inutes per 
stream reach. This approach more quickly yields a habitat qua:lity assessment. However, it 
depends upon the knowledge and experience of the field biologist to make the proper interpretation 
of observed ofboth the natural expectations (potentials) and the biologica:l consequences (quality) 

' . 

that can be attributed to the observed physical attributes. Hannaford et al. (1997) found that 
training in habitat assessment was necessary to reduce the subjectivity in a visual-based approach. 
The authors also stated that training on different types of streams may be necessary to adequately 
prepare hwestigators. 

The second conceptual approach described here confines observations to habitat characteristics 
themselves (whether they are quantitative or qualitative), then later ascribh1g quality scoring to 
these measurements as part of the data analysis process. Typically, this second type ofhabitat 
assessment approach employs more quantitative data collection, as exemplified by field methods 
described by Kaufmann and Robison (1997) for EMAP, Simonson et a:l. (1994), Meador et al. 
(1993) for NA WQA, and others_ cited hy Gurtz and Muir _(.1224). These field .approache.s typica:lly 
define a reach length proportional to stream width and employ transect measurements that are 
systematically spaced (Simonson et al. 1994, Kaufmann m1d Robison 1997) or spaced by 
judgement to be representative (Meador et a:l. 1993). They usually mclude measurement of . 
substrate, channel and bank dimensions, riparian canopy cover, discharge, gradient, sinuosity, in
channel cover features, and counts of large woody debris and riparian human disturbances. They 
may employ systematic visual estimates of substrate embeddedness, fish cover features, habitat 
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types, and riparian vegetation structure. The time commitment in the :field to these more 
quantitative habitat assessment methods is usually 1.5 to 3 hours with a crew of two people. 
"Because of the greater amount of data collected, they also require more time for data 
summarization, analysis, and interpretation. On the other hand, .the more quantitative methods and 
less ambiguous :field parameters result in considerably greater precision. The USEP A applied both 
quantitative and visual-based(RBPs) methods in a stream survey undertaken over 4 years in the 
mid-Atlantic region of the Appalachian Mountains. An earlier version of the RBP techniques were 
applied on 301 streams with repeat visits to ,29 streams; signal-to-noise ratios varied from 0.1 to 
3.0 for the twelve RBP metrics and averaged (1.1 for the RBP total habitat quality score). The 
quantitative methods produced a higher level of precision; signal-to-noise ratios were typically 
between 10 and 50, and sometimes :in excess of 100 for .quantitative measurements ofchannel 
morphology, substrate, and canopy densiometer measurements made on a random subset of 186 
streams with 27 repeat visits in the same survey. Similarly, semi-quantitative estimates of :fish 
cbver and riparian human disturbance estimates dbtained from multiple, systematic visual 
observations ofotherwisemeasurable features had signal:noise ratios from 5 to 50. Many riparian 
vegetation cover and structul"e metrics were moderately precise (signal:noise ranging from 2 to 30). 
Commonly used flow dependent measures (e:g., riffle/pool and width/depth ratios), and some 
visual riparian cover estimates \V"ere less precise, with signal:noise ratios more in the range of those 
observed for metrics ofthe· EPA's RBP hlibitat score ( <2). 

The USEPA's EMAP habitat assessment :field methods are presented. as an option for a second\ 
level (II) of habitat assess:rnent. These methods have been applied in numerous streams throughout 
the Mid~Atlantic region, the Midwest, Co1orf!.dci, Califomi(l., and the Pacific Northwest. Table 5-1 
is a su..TDina.ry of these field methods; more detail is presented in the field manual by Kaufmann and 
Robison (1997). 

T bl 51 C a e .. ~ . omponents. o fEMAP h . lh b" pl ys1ca . a Itat:.protoco. 

* 

Component Descr~ption 

1. 

2. 

3. 

4. 

Thalweg Measure maximum depth; classify habitat,. detemrine presence· of softlsmall.sediment · 
Profile at 10-15 equally spaced intervals between each of 11 channel cross-sections (1 00-150 

along entire reach); Measure wetted width at 11 channel ·cross-sections and mid-way 
between cross-sections (21 measurements). 

Woody Between each cifthe chann~l cross sections, tally large woody debris numbers within 
Debris and above the bankfull channel according to size classes. 

Channel At 11 cross-section stations pla(:ed at equal intervals along reach length: 
and Meas'Ure: channel cross section dimensions, bank height, undercut, angle Riparian 

. 
Gross- (with rod and clinometer); gradient (clinometer), sinuosity (compass 

Sections backsite), riparian canopy cover (densiometer). 
. Visually Estimate*: substrate size class and embeddedness; areal cover class 

and type (e.g., woody) of riparian vegetation in Canopy, Mid-Layer and 
Ground Cover; areal cover class of fish conceahnent features, aquatic 
macrophytes and .filamentous algae. 

. 0 ]:)s_e_rve ~-~~~<>.r:ll *: h_:uman distu~ban_ces a11d their proximity to the channeL 

Discharge In medium and large streams (defines later) measure water depth and velocity@ 0.6 
depth (with electromagnetic or impeller-type flow meter) at 1.5 to 20 equally spaced 
intervals across. one carefully chosen channel cross-section. In very small streams, 
measure discharge with a portable weir or time the filling of a bucket. 

Substrate size class and embeddedness are estimated, and depth is measured for 55 particles taken at 5 equally-spaced points on 
each of 11 cross-sections. The cross-section is defined by laying the surveyor's rod or tape to span the wetted channel. Woody 
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debris is tallied over the distance between each cross.section and the next cross-section upstream. Riparian vegetation and 
human disturb~\lCeS are observed S ·m .upstream ~md 5 m down*eam from the cross section station. They extend shor10ward 10 
m !rom left· and right ]Janks. Fish cover types, aqu;itic macropb:ytes, and algae are observe!i wit11in oharinel 5 m upstream and 5 
m downstream :from th!'l oross section stiltions. T]:lese ,boundaries for Vis\ui.l oosetv<ttions !ll'e estim11ted by eye. · 

Table S~2. lists il1.e physical habitat metric::,; that can be derived from applying these field methods. 
Once thest:l habitat memes are ca1culated :fuOln the avajlable physical habitat data; an assessment 
would be obtained<lrom compaxing these metric values to those of known reference sites .. A strong 
deviation from the reference expectations would indicate a habitat alteration of the particular 
parameter. The close c01mectivity of the various attributes would most likely result in an impact 
onl1.1Uhiple metrics if habit~t alteration was. occurring. The actual proc~;Jss for interpreting a 
habitat assess1~nent tlsingthis approach is still under development. 

Table 5~2. Example.ofhabitat metrics that can.be calculated from the EMAP physical habitat data. 

, Cha:~,mel mean width arid depth 
Channel volume and Residual Pool volume 
Mean ch.mmel slope a11d sinuosity 
Chmmel incision, bankfull dimensions, and bm1k characteristics 
Substrate mean diameter, % fines, % embeddedness 
Substrate stability 
Fish copceEJ-1men~ features (areal cover of various types, e.g., undercut banks, brush) 
Large woody debris (vblurne and number of pieces per 100m) 
Chmmel habitat types (e.g.,% of reach composed of pools, riffles, etc.) 
Canopy cover 
Riparian vegetation structure and complexity 
Riparian disturbm1ce measure (proximity~weighted tally of human disturbances) 
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6 
PERIPHYTON PROTOCOLS 

:By R. Jan Stevenson, University of Louisville, and 
Loren L. Bahls, University of Montana 

Benthic algae (periphyton or phytobenthos) m·e primary producers m1d m1 :importm1t foundation of 
many str·em11 food webs. These orgm1isms also stabilize substrata and serve as habitat for many other 
orgmusms. Because bentluc algal assemblages are attached to substrate, their characteristics m·e 
affected by physical, chemical, and biological disturbm1ces tl1at occur :in the stremn reach during the 
time in which tl1e assemblage developed. 

Diatoms in particular are useful ecological indicators because tl1ey are found in abundance in most 
lotic ecosystems. Diatoms .m1d 111m1y other algae can be :identified to species by experienced 
algologists. The great munbers of species provide multiple, sensit~ve indicators of enviromnental 
chm1ge and the specific conditions of their habitat. Diatom species are differentially adapted to a wide 
range of ecological conditions. 

Periphyton indices of biotic integrity have been developed and tested in several regions (Kentucky 
Deparhnent of Environmental Protection 1993, Hil11997). Since the ecological tolerances for many 
species are known (see section 6.1.4), changes in community composition can be used to diagnose the 
environmental stressors affecting ecological health, as well as to assess biotic integrity (Stevenson 
1998, Stevenson and Pan 1999). 

Periphyton protocols may be used by themselves, but tl1ey are most effective when used witl1 one or 
more of the other assemblages and protocols. They should be used with habitat and benfuic 
maoroinvertebrate assessments particularly because of the close relation between periphyton and these 
elements of stream ecosystems, 

Presently; few states have developed protocols for periphyton assessment. Monta:ha, Kentucky, and 
Oldahoma have developed periphyton bioassessment programs. Others states are exploring the 
possibility of developing periphyton progrmns. Algae have been widely used to monitor water quality 
in rivers of Europe, where many different approaches have been used for sampling and data analysis 
(see reviews :h1 Vlhitton and Rott 1996, Whitton et al. 1991). The protocols presented here are a 
composite of the teclnuques used in Kentucky, Montm1a, and Oklal1oma (Bahls 1993, Kentucky 
Department of Environmental Protection 1993, Oklal1oma Conservation Co111111ission 1993). 

Two Rapid Bioassessment Protocols for periphyton are presented. These protocols are meant to 
provide exmnples of metl10ds that can be used. Otl1er methods are available and should be considered 
based on tl1e objectives ofthe assessment program, resources available for study, numbers of streams 
sampled, hypofuesized stressors, and the physical habitat of the streams studied. Exm11ples of other 
methods are presented in textboxes throughout the chapter. 

The 'first protocol{6.1) ·is a standard approach in which species composition and/ or -biomass of a 
sampled assemblage is assessed ill the laboratory. TI1e second protocol (6.2) is a field-based rapid 
survey ofperiphyton biomass and coarse-level taxonomic composition (e.g., diatoms, filamentous 
greens, blue-green algae) and requires little taxonomic expertise. The two protocols can be used 
togefuer. The first protocol has fue advantage of providing much more accuracy in assessing biotic 
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integrity and in diagnosing causes of impainnent than the second protocol, but it requires more effort 
than the s.ecorid protocol. Additionally, the first protocol provides the option of sampling the natural 
substrate of the stream or placing artificial substrates for colonization. 

6.1 STANDARD LABORATORY-BASEDAPPROACH 

6.1.1 Field Sampling Procedures: Natural Substrates 

Periphyton samples should be collected during periods of stable stream flow. High flows can scour the 
stream bed, flushing the periphyton downstream. Recolonization of substrates will be faster after less 
severe floods and in strea~ns with nutrient enrichment. Peterson and Stevenson (1990) recominend a 
three-week delay following high, bottom-scouring stream flows to allow forrecolonization and 
succession to a mature periphyton community. However, recovery after high discharge can be as rapid 
as 7 days if severe scouring of substrata did not occur (Stevenson 1990). 

Two sampling approaches are described for natural substrate sampling. Multihabitat sampling best 
characterizes the benthic algae in the reach, but results may not be sensitive to subtle water quality 
changes bebll,use ofhabitat va.riability'between reach~s .. Species· composition ofassemblages fro:in a 
single habitat should reflect water qua1ity differences among streams more precisely than multi-habitat 
sampling, but impacts :ill other habitats inthe reach may be missed. 

The length of stream samplyd depends upon the objectives of the project, budget, and expected results. 
Multihapitat s3J:npling shoUld be conducted at the reach scale (30-40 stream widths) to ensure sampling 
the diversity of :habitats that occur in the stream. Ideally, single habitat sampling should also be 

; conducted at the reach scale. A shorterlen,gth of stream can probably be sampled for single habitat 
samples than multihabitat samples because the chosen single habitat (e.g., riffles) is usually common 
w;thin the study streams. 

/ 

6.1.1.1 MultihabitatSampling 

The following procedures for 
multihabitat sampling of algae 
have been adapted from the 
Kentucky and Montana protocols 
(Kentucky DEP 1993,Bahls 
1993). Th,ese procedures are 
recommended when subsequent 
laboratory assessments of species 
composition of algal assemblages 
will be performed. 

1. Establish the reach for 
multihabit:it sampling as per 
-the-macroinvertebrate 
protocols (Chapter 7). In 
most cases, the reach required 
for periphyton sampling will 
be the same size as the reach 
required for 

6-2 

EIEJ,:Q.,ElQPJ.P~:N:T F()¥, PERJ:PJ;J;YTP~ 
SAMPLING--NATURAL SUBSTRATES 

• stainless steel teaspoon, toothbrush, or similar brushing and 
scraping tobls 

• section of PVC pipe (3" diameter or larger) :fitted with a 
rubber collar at one end 

• field notebook or field forms*; pens and pencils 
• white plastic or enamel pan 
• petri dish and spatula (for collecting soft sediment) 
• forceps, suction bulb, and disposable pipettes 
• squeeze bottle with distilled water 
• sample containers (125 m1 wide·mouthjars) 
• sample container labels 
• preservative [Lugol's solution, 4% buffered formalin, "M3" 

fixative, or 2% glutaraldehyde (APHA 1995)] 
'first aid kit -

• cooler with ice 

* During wet weather conditions, waterproof paper is useful or 
copies of :field forms can be stored in a metal storage box 
(attached to a clip-board). 

. ~ . 
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maoroinvertebrate or fish sampling (30-40 stream widths) so that as many algal habitats can be 
sa111pl<:Jd as is practicaL 

2. Before smnpling, complete the physical/chemical field sheet (see Chapter 5; Appendix A-1, Form 
1) and the periphyton field data sh.e<:Jt(Appendix,A-2, Fom1 '1). Visu~ estimates or· quantitative 
trm1Sect-based assessments can be used to determine the percent coverage of each substrate type 
and the estimated relative abundm1ce of macrophytes, macroscopic filan1entous algae, diatoms and 
other microscopic a~gal accumulations (periphyton), a11d· other biota (see section 6.2). 

3. Collect algae from all available substrates a~1d habitats. The objective is to collect a single 
composite smnple that is representative oqhe periphyton assemblage present in the reach. Smnple 
all substrates (Table 6-1) and habita,ts (riffles, runs, shallow pools, nearshore areas) roughly in 
proportion to their areal coverage in the reach. Within a stream reach, light, depth, substrate, and 
cur.tet~t velocity can affect species coniposition of penphyton assembl~ges. Changes in species 
compositil:m of algae a11iong habitats are often evident as changes in color, and texture of the 
periphyton. S~na11 amol.lnts (about 5 mL or less) ofsubsample from each habitat are usually 
sufficient, Pick spec:irilens of macro algae by hand in proportion to their re~ative abundance in the 
reach. Combine all samples into a co111111on cdntainer. 

Table 6-~. Summar~·of c.Ollection techniques for periphyton from wadeable str.eams (adapted from 
Keni'urikY DEP 1993, Bahls 19~3). 

Substrate Type Collection Technjque 

Removable substrates.(hard): gravel, pebbles, Renwve representative supsttates :from water; brush 
cobble, and woody debris or scrape representative area of algae from surface 

and rinse into s~mple jar. 

Removable substrates (soft): mosses, macroalgae, Place a po¢on ofthe.plant in a sample container 
vascular plants, root masses with s.ome water. Shake it vigorously and tub it 

gently to remove algae. Remove plant from sample 
container. 

; 

Large substrates (not removable): boulders, bedrock, Place PVC pipe with a neoprene collar at one end 
logs, trees, roots on the substrate so that the collar is sealed against 

the substrate. Dislodge algae in the pipe with a 
toothbrush, nail brush, or scraper. Remove algae 
from pipe with pipette~ 

Loose sediments: sand, silt, fine particulate organic Invert petri dish over sediments. Trap sediments in 
matter, clay petri dish by inserting spatula under dish. Re111ove 

sediments :from stream artd rinse into sampling 
container. Algal samples from depositional h\lbitats 
can also be collected with spoons, forceps, or 
pipette. 

4. Place all samples into a single water-tight, unbreakable, wide-mouth container. A composite 
sample measuring four ounces (ca. 125 ml) is sufficient (Ballls 1993). Add reco111111ended amount 
ofLugol's (IKI) solution, "M3" fixative, buffered 4% formalin, 2% glutaraldehyde, or other 
preservative (APHA 1995). 
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5. Place a permanent label on the outside of the sample container with the following information: 
waterbody name, location, station number, date, name of collector, .and type of preservative. 
Record this information a11d relevant .ecological information in a field notebook or on the 
periphyton field data sheet (Appendix A-2, Form 1). Place another label With the same information 
inside the sample container. {Caution! Lugol's solution and other iodine-based preservatives will 
tum paper labels black.) 

6. After sampling, review the recorded information on all labels and forms for accuracy and 
completeness. 

7. Examine. all brushing and scraping tools for residues. Rub them clean and rinse them in distilled 
water before sampling the next site and bef~re putting them away. 

8. Transport samples back to the laboratory m a cooler with ice (keep them c;old and dark) and store 
preserved samples in. the dark U1ltil they are processed. Be sure to stow samples in a way so that 
trru:isport and shifting does notallow samples to leak. "\Vhen preserved, check preservative every 
few weeks and replenish as necessary until taxonomic evaluation is completed . 

. 9. Log in all incomin,g samples (Appendix A-2, Form 2). At a minimum, record sample identification 
code, date, stream name, sampling location, collector's name, sampling method, and area sampled 
(if it was· determined). 

6.1.1.2 Single Habitat Sampling 

Variability due .to difference.s in habitat · 
between streams may be reduced by 
collecting periphyton from a single 
substrate/habitat combination that 
ch3r~cterizes the study r~ach (Rosen 
i995) .. :For co!llpar~bilitY ~f'res~its, 
the same substrate/habitat combination 
should be S:liilpled in all refereJ]_ce and 
test streams. · Single hab!tat sampling 
should be used when biomass of 
periphyton will be assessed. 

1. Define the sampling reach. The 
area sampled for s:ingle habitat 
sampling can be smaller than the 
area used for multihabitat 
sampling. Valuable results have 
been achieved in past projects by 
sampling just one riffle or pool. 

-·-··- -··· ---- --. 

2. Before sampling, complete the 
·physical/chemical field sheet (see 
Chapter 5; Appendix A-1, Form 1) 
and the periphyton field data sheet 

6-4 

CBLOROPHYLL a SUBSAMPLING{OPTIONAL) .I 
1. Chlorophyll a subsall];plesshould be taken as soon as 

possible(< 12 hours after sampling). Generally, if 
chlorophyll subsamples can not be taken in the lab on 
the day of collection, subsample in the field. 

2. Homogenize samples. In the field, shake vigorously. In 
the lab; use a tissue 'hOmogenrzerc 

3. Record the initial volume of sample on the periphyton 
sample log form. 

4. Stir the sample on a magnetic stirrer and subsample. 
\Vhen subsampling, take at least two aliquots from the 
sample for each chlorophyll sample (two aliquots 
provides a more representative subsample than one). 
Record the subsample volume for chlorophyll a on the 
periphyton sample log form. 

5. Concentrate the chlorophyll subsample on a glass :fiber 
filter (e.g., \Vhatman® GFC or equivalent). 

7. Store the filter in a cold cooler (not in water) and 
eventually in a freezer. 
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(Appendix A-2, For.na 1). ComplE<te habitat assessments as in multihabitat sampling so that the 
relative importance of the habitats sampled can be characterized. 

3. The recm.nmended substrate/habitat combination is cobble obtahJ.ed from riffles and runs with 
current velocities of 10'!50 ·em/sec. Scunples from this habitat are often easier to analyze than from 
slow current habitats because they contain less silt. These habitats are common i11many streams. 
In low gradient strean1s where riffles are rare, algae on snags or in depositional habitats can be 
collected. Shifting sand is not reconunended as a targeted substrate because the species 
composition on sand is linnted due to the small size and unstable nature of the substratum. 
Phytoplankton should be considered as an altematj.ve to periphyton in large, low gradient streams. 

4. Collect several subsan!ples from the same substrate/habitat combination and composite them into a 
single container. Three or more subsamples should be collected from each reach or study stream. 

5. , The area sampled should always be detem1il1ed if biomass (e.g., chlorophyll) per unit area is to be 
measured. 

6. If you plan to assay samples for chlorophyll a, 
do tJ.ot preserve samples Ut1til they have been 
subsatnPl.ed (see textbox entitled "Chlorophyll 
a Subsmnpling"). 

7. Store, transport, process, ru.1d log in samples as 
in steps 4~9 in section 6.1.1.1. 

6.1.2 Field S~DJ<pling Procedures: 
ArtifiCial Substrates 

Most monitoring groups prefer sampling natural 
substrates wheney,er possible toJ:educe iield time 
and improve ecological applicability of information. 
However, periphyton can also be sampled by 
collecti.I].g from artificial substrates thE~.t are placed 
in aquatic habitats and colonized over a period of 
time. This procedure is particUlEI.l'ly useful in 
non-wadeable streams, rivers with no riffle areas, 
wetlands, or the littoral zones of lentic hE~.bitats. 
Both natural and artificial substrates are useful in 
monitoring and assessing waterbody conditions, and 
have correspondil1g advantages and disadvantages 
(Stevenson and Lowe 1986, Aloi 1990). The 
methods summarized here are a composite of those 
specified by Kentucky (Ketitucky DEP 199:3), 
Floripa (Florida DEP 1296), and Oklahoma 
(Oklal1oma CC 1993). 
Although glass microslides are preferred, a variety 
of artificial substrates have been used with success 
(see #2 below and textbox on p 6-6). 

QUALITY CONtROL (QC) 
lN 'f:t:re FIELD 

1. Sample labels must be accurately and 
thorou.ghly completed, including the sample · 
identification qdde, date, stream name, 
sampling location, and collector's name. 
The outside and any ifiside labels of the 
container should contain the same 
inform!l,tion. Chl'rin of cu.stc,>dy and sample 
log forms must include the !;arne 
information as the sample container labels. 
Ga:uii(on! Lugol's solutioh and iodine,;based 
preservatives will tum paper labels black. 

2. After sarnpling has been completed at a 
given site, all brushes, suction and scraping 
devices that have come in contact with the 
sample should be rubbed clean and rinsed 
thoroughly in distilled water. The 
equipment should be examined again prior 
to use at the next sampling site, and rinsed 
again if necessary. 

3. After sampling, review the recordeli 
information on all labels and forms for 
accuracy and completeness. 

4. Collect and analyze one replicate sample 
from 10% of the sites to evaluate precision 
or repeatability of samJ?ling technique, 
collection team, sample analysis, and 
taxonomy. 
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1. Microslides should be thoroughly cleaned before placing in periphytometers (e.g., Patrick et al. 
1954). Rinse slides in acetone and clean with K.imwipes®. 

2. Place surface (floating) or benthic (bottom) periphytometers fitted with glass slides, .glass rods, 
clay tiles, plexiglass plates or similar substrates in the study area. Allow 2 to 4 weeks .for 
periphyton recruitment and colonization. 

3. Replicate a minimum of 3 periphytometers at each site to account for spatial variability. The total 
number should depend upon the study design and hypotheses tested. Samples can either be 
composited or analyzed individually. 

4. Attach periphytometers to rebars poll!lded into the stream bottom or to other stable structures. 
Periphytometers should be hi.dden from vjew to minimize disturbance or vandalism. A void the 
main cha:rmel offloatable, recreational streams. Each periphytometer should be oriented with the 
shield directed upstream. 

-5. If flooding or a similar scouring ~vent 
occurs during incubation, allow waterbody 
to equilibrate and reset periphytometers 

, with. Clean slides. 

6: A:fter.the incubation period (2-4 weeks), 
collect substrates. Remove algae using 
rubber spatulas,. toothbrushes and razor 
blades. You can tell when all algae have 
been removed from substrates by a change 
from smooth, mucilaginous feel (even 
when no Visible algae are present) to a 
non-slimy_or rough texture. 

7. St()Fe, tr9:¥~POrt; process,an<:llog in 
samples as in steps 4-9 in section 6.1.1.1. 

8. One advantage of using artificial 
substrates isthat containers (e.g., 
whirl-pack bags or sample jars) can be 
purchased that will hold the substrates so 

. 

FIELD EQUIPMENT/SUPPLIES NEEDED FOR 
PERIPHYTON SAl\fi>LING-
ARTIFICIAL.SlfflSTRATES 

• periphytometer (frame to hold artificial substrata) 
• mic;:roslides or other suitible 'substratum .(e.g., 

clay tiles, sanded Plexiglass® plates, or wooden 
or acrylic dowels) 

• sledge hammer and rebars 
• toothbrush, razor blade,· or other scraping tools 
• water bottle with distilled water 
• white plastic or enamel pan 
• aluminium foil 
• sample containers 
• sample container labels 
·• fieldnot~book (waterproof) 
• presei:vati~e [iugoi'ssolution, 4% buffered 

formalin, "M3
'' fixative, or 2% glutaraldehyde 

(APHA 1995)] 
• cooler with ice 

.. 

that substrates need not be scraped in the field. Different substrates can be designated for 
microscopic analysis and chlorophyll assay. Then algae and substrates can be placed in sampling 
containers and preserved for later processing and microscopic analysis or placed in a cooler on ice 
for later chlorophyll a analysis. Laboratory sample processing is preferred; so if travel and holding 
time are less than 12 hours, it is not necessary to split samples before returning to the lab. 

6.1.3 Assessing Relative Abundances of Algal Taxa: Both "Soft" (Non-Diatom) 
Alga_e _and .Diatoms 

The Methods summarized here are a modified version of those used by Kentucky (Kentucky DEP 
1993), Florida (Florida DEP 1996), and Montana (Bahls 1993). For more detail or for alternative 
methods, see Standard Methods for the Examination ofWater and Wastewater (APHA 1995). 

/ Many algae are readily identifiable to species level by trained personnel who have a good Ebrary of 
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literature on algal taxonomy (see section 6.3), All algae can not be identified to species because: the 
growth forms of some algal species are morphologically indistingliishable with the light microscope 
(e.g., zoospores of many green algae); the species has not been described previously; or the species is 
not in the laboratory's literature. Consistency in identifications within a laboratory and program is 
very impoftaril, because 111ost bioassessliteht are based oh cohttasts betWeen i·eference and test sites. 
Accuracy of identifications becomes most important when using autecological infom1ation from other 
studies, . Quality assurance techniques are designed to ensure 11intemal consistency11 and also improve 
comparisons with infom1ati9n in other algal assessment and monitoring programs. 

6.1.3.1 "Soft" (Non..])iatom) Algae Relative Abundance and Taxa Richness 

1. Homogenize algal samples with a tissue homogenizer or blender. 

2. Thoroughly mix the homogel1ized sample and pipette into a Palmer counting cell (see textbox for 
alternative methods) .. Algal suspensions that produce between 10 and 20 cells in a field provide 
good den~ities for counting and identifyh1g cells. Lower densities slow counth1g. Dilute samples if 
cells overlap too much for counting. 

3. Fill in the top portion of the benchsheet for 11soft" algae (Appendix A-2, Form 3) with enough 
inforination from the saniple label and other sources to uniquely identify the sample. 

4. Identify and count 309 algal "~ell units" to the lowest possible taxonomic level at 400X 
mag11ification with the use of the references in Section 6.3. 

Distinguishing cells of coenocytic algae (e.g., Vauaheria) and small filaments ofblue-green 
algae is a problem in cell counts. 11Cell muts'' can be defined for these algae as 1 Omm sections 
of the thallus or filament. 
For diatoms, only count live diatoms and do not identify to lower taxonorpic levels if a 
subsequent count of cleaned Qiat0tns is to be undertaken (See section 6.1.3.2). 
·R.ec0rd J,1l]ll).bers of cells or celllitiiits oJ:>13erveq for each taxon og a bencbsheet. 
Make taxonomic notes and drawings on benchsheets of important specimens. 

5. Optional- To better detenpine non-diatom taxa richness, conthme counting until you have not 
ol;>served any pew taxa for 100 'cell units or about three minutes of observation. 

6.1.3.2 Diatom Relative Abundances and Taxa Richness 

1. Subsample at least 5-10 mL of concentrated preserved sample while vigorously shaking the sample 
(or l}Sing magnetic stirrer). Oxidize (clean) san1ples for diatom analysis (APHA 1995, see textbox 
entitled "Oxidation Methods for Cleaning Diatoms"). 

2. Mount diatoms in Naphrax® or another high refractive h1dex medium to make permanent slides. 
Label slides with san1e infotmation a:s on the saniple c6ntai11er label. 

3. Fill in the top portion of the bench sheet for diatom counts (Appendix A-2, Form 4) with enough 
information from the sample label to uni9.uely identify the sample. 

4. Identify and count diatom valves to the lowest possible taxonomic level, which should be species 
and perhaps variety level, under oil hnmersion at 1 OOOX magnification with the use of the 
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references in Section 63. At minimum, count 600 valves (300 cells) and at least until10 valves.of 
10 species hav¢ been observed. Be careful to distinguish and count both valves of intact frustules. 
The 10 valves oflO. species rule ensures relatively precise estimates of relative abundances of the 
dominant taxa when one or two taxa are highly dominant. Six hundred valve counts were chosen 
to conform With methods used in other national bioassessment programs (Porter et al. 1993). 
Record numbers of valves observed for each taxon on the bench sheet. Make taxonomic notes and 
drawings on benchsheets and record stage coordinates of important specimens. 

5. Optional - To .estimate total diatom taxa richness, continue counting until you have not observed 
any new species for 100 specimens or about three minutes of observation. 

6.1.3.3 Calculati:Qg Species Relative Abundances and Taxa Richness 

1. Relative abunda,nces of "soft" algae are detennined by dividing the number of cells (cell units) 
counted for eac}l taxon by the total number of cells counted (e.g., 300). Enter this information on 
AppendixA~2, Form 3. 

2. Relative abundances of diatoms have to be corrected for the number oflive diatoms observed in the 
count ~fall.~.lgad ... Therefore, detennine the .relati.ve ab~4ances of diatom species in the algal 
assemblage "by clividlngilie l'J.1llTiber ofvalves counted. for ea.ch sp:eyies by the total number of 
valves count~d ( e;g., 600);. then multiply the relative abundance of'each diatqm taxon in the diatom 
count by the relativeabund~~.e ofliv,e d.iato111S in the cotmt of all algae. Enter this information on 
AppendixA-2, Form 4.. Some analysts prefer to treat diatom and soft algal species composition 
separately. In ih.is case, determ.iD.e the relative abundances .of diatom species in the algal 
assemblage by dividingthe number of valves counted for each species by the total number of 
valves counted (e.g., 600). 

3. Total taxa richness can be estimated by adding the number of "soft" algal taxa and diatom taxa. 

-

Palmer counting cells are excellentfor identifying and counting soft-algae in most species assemblages. 
When samples have manY very SJ:llall bl11e~green a~gae or a few, relativel:y U:nporta:nt l?rge c~lls, other 
slide preparation technlques may be useful to increase magnification and sample size, respectively. 
Because accurate diatom identification is not possible in Palmer cells, we. have recommended counting 
cleaned diatoms in special mounts. However, if the taxonomy of algae in samples is well known, 
preparation and counting time can be reduced by mounting algae in syrup. In syrup, both soft algae 
and diatoms can be identified, but resolution of morphological details of diatoms is not as great as in 
mounts of diatoms in resins (e.g., Naphrax®). 

Assemblages with many small cells: We recommend a simple wet mount procedure when samples 
contain many small algae so samples can be observed at 1 OOOX. A small volume of water under the 
coverglass prevents movement of cells when adjusting focus and using oil immersion. These 
pr~parations 11:su§-I!Y last several days U:pr()p_er.lysealed(see bel()Vv')· 

Wet mounts: 
1. Clean coverglasses and place on flat surface. 

2. Pipette 1.0 rnL of algal suspension onto the coverglass. 
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3. Dry the aJgal suspension on the 
coverglass. For convenience, the 
evaporation of water can be 
increased on a slide-wanner or 
slowed by dzying the Sall?.ple in a 
vapor charnber (as simple as a 
cake pan or aluminum foil hood 
placed over samples). 

4. As soon as the algal suspension 
dries, invert the coverglass into 
the 0.02 mL of distilled water on a 
microscope slide. 

5. Seal the water under the 
microscope slide with fingernail 
polish or polyurethane varnish. 

Asse~bl~ges with a few large cells: 
Sedgewick-Rafter counting chambers, 
whicP. are large modified microscope 
slides with 1.0 mL wells, increase 
sample size. Counts in 
Sedgewick-Rafter counting cells 
should be done after counts in Palmer 
cells or wet mounts so that the relation 
between sample proportions with the 
two methods can be determined. 
While keeping track of the proportion 
of sample observed, identify and count 
large algae in transects at 200X or 
1 OOX magnification in the counting 
cell. 

Syrup mounts: 
1. Prepare Taft's syrup medium 

(TSM) by mixing 30 mL of clear 
corn syrup (e.g., Karo's® Corn 
Syrup) with 7 mL of 
formaldehyde and 63 mL of 
distilled water. Dilute a 10 mL 
proportion of this 100% TSM 
with 90 mL of distilled water to 
make 10% TSM. 

2. Place 0.2 mL of 10% TSM on 
coverglass. 

OXIDATION (CLEANING) JY.IETBODS FOR 
DIATOMS 

Gonc~trated Acid Ox-idation: 
1. Place a 5-10 mL subsample of preserved alga) sample in 

·a beaker. 

2. Under a fume hood, add enough concentrated nitric or 
sulfutic acid to produoe a strong exothern1ic reaction. 
Usually equal parts of sample and acid will produce such 
a re&ction. 
(Caution! With some preservatives and samples from , 
hard water, adding conce~trated aCid will produce a 
violent e~otb,erPiJ.c r¢acti<in~ .Use a :fume hood, safety 
glasse~, and protective clothing. Separate the sample 
bea:k:ers by a few inches to prevent 
cross-contamination of samples in the event of 
overflow.) 

3. Allow the sample to oxidize ovemight. 

4. Fill the beaker with distilled water. 

5. Wait 1 hour for each centimeter of water depth in the 
beaker. 

6. Siphon off the supematant and refill the beaker with 
distilled water: Siphon from the center ofthe water 
column to avoid siphoning light algae that have 
adsorbed onto the sides and surface of the water column. 

7. Repeat steps 4 through 6 until all color is removed and 
the sample becomes clear or has a circumneutral pH. 

Hydrogen Peroxide/Potassium Dichromate Oxidation: 
1. Prepare samples as in step 1 above, but use 50% H20 2 

illStead of concentrated acid. 

2. Allow the sample to oxidize overnight, then add a 
micro spatula of potassium dichromate. 
(Caution! This will cause a violent exothermic 
reaction. Use a fume hood, safety glasses, and 
protective clothing. Separate the sample beakers by 
a few inches to prevent cross-contamination in the 
event of overflow.) 

3. When the sample color changes from purple to yellow 
and boiling stops, :fill the beaker with distilled water. 

4. Wait 4 hours, siphon off the supernatant, and refill the 
beaker with distilled water. Siphon from the center of 
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! 3. Place 1.0 mL of algal suspension on coverglass. Consider using several dilutions.-

4. Let dry for 24 hours. Alternatively, dry on slide wanner on low setting. Do not overdry or cells 
will plasmolyze. 

5. Place another"' 1.0 mL of 10% TSM on cover glass.and dry (overnight or 4 hours on a slide 
wanner). Apply 10% TSM quickly to avoid patchy resuspension of the original layer ofTSM and 
algae. 

6. Invert coverglass onto microscope slide; place slide on hot plate to wann the slide and syrup. Do 
not boil, just warm. Press coverglass gently in place with forceps, being careful to keep all syrup 
under the coverglass. The syrup should spread under coverglass. 

7. Remove the slide from the hotplate. Cooling should partially seal the coverglass to the slide. 

8. More permanently seal the syrup under slides by painting fingernail polish around the edge of the 
cover glass and onto the microscope slide. 

Note: Preserve color of chloroplasts by keeping samples in dark. 

Special Note: If slides get too wann in storage, syrup will loose viscosity and become runny. Algae 
and mediuni may then escape containnient under coverglass. Store slides in a horizontal position. 

6.1.4 Met:r:ics Based on Species Composition 

The periphyton metrics presented here are used by several states and environmental assessment 
programs throughout the US and Europe (e.g., Kentucky DEP 1993, Bahls 1993, Florida DEP 1996, 
"\Vhitto~ et al. 1991, YVhitton and Kelly 1995). Each of these metrics should be tested for response to 
human alterations of streams in the region in which they are used (see Chapter 9, Biological Data 
Analysis). In many cases, diatom and soft algal metrics have been determined separately because 
changes in small abundant cyanobacteria (blue-green algae) can numerically. overwhelm metrics based 
on'relative abundance and because green algae ,V:ith htrge ce1ls (e.g., Cladophora) ma;!riothave 
appropriate weight. However, attempts should. be made to integrate diatoms and soft algae in as many 
metrics as possible, especially in cases such as species and generic richness when great variability in 
relative abundance ·is not an issue. 
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Many metrics can be calculated based on 
presence/absence data or on relative 
abui1dances of taxa. Fot example, percent 
PollutiOll Tolerant Diatoms can be calculated 
as the siii11 oftelative abtuidances ofpollution 
tolerant taxa in an assemblage or as the 
number of species that are tolerant to pollution 
in an assemblage. Percent community 
sin1ilarity car.t be calculated as presented 
below, which quru1tifles the percent of 
organisms in two assemblages. that are the 
same. Alternatively; it cru1 be calculated as the 
percent of species that are the same by maldng 
all relative abundances greater thru1 0 equal to 
1. The following metrics can .also be 
calculated with presence/absence data instead 
of species relative abundances: % sensitive 
taxa, % motile taxa, % acidobiontic, % 
alk:alibiontic, % halobiontic, % saprobiontic, 
% eutrophic, simple autecological indices, and 
change in infeJ:recl ecological conditions. 
Although we may find that metrics based on 
species relative abundances are more sensitive 
to environmental change, metrics based on 
presence/absence data may be more 
appropriate when developing metrics with 
multihabitat samples and proportional 
sampling of habitats is difficult. In the latter 
case, presence/absynce of species should 
remain the same, even if relative abundance of 
taxa differs with biases in multihabitat 
sampling. 

The met):ics have been divided into two groups 
which may be helpful in developing an Index 
of Biotic Integrity (IBI). Metrics in the first 
group are less diagnostic than the second 
group of metrics. Metrics in the first group 
(species and generic richness, Shannon 
diversity, etc.) generally characterize biotic 
integrity (''natural balance in flora and 
fauna .... 11 as in Karr and Dudley 1981) 
without specifically diagnosing ecological 
cogsJi~ons -~d-~~~ses of~pclinnent. The 
second group of metrics more specifically 
diagnoses causes of impaired biotic integrity. 

COSTS AND BENEFITS OF SIMPLER 
ANALYSES 

We recommend that all algae (soft and diatom) 
be idenii.fihd and counted;. Inforrriation may be 
lost if soft algae are not identified and counted 
because some impacts may selectively affect soft 
algae. Most of the species (and thus 
information) in a sample will be diatoms. Costs 
of both analyses are not that great. 

Costs can be reduced by only counting diatoms 
or soft algae. Since diatoms are usually the 
most species-tich group of algae in samples and 
most metrics are based on differences in 
taxonomic composition, we recommend that 
diatoms be counted. !n addition, permanently 
preserved and readily archived microslides of 
diatoms can serve as a historic reference of 
ecological conditions. 

In general, identifying algae to species is 
recommended for two reasons: (1) to better 
characterize differences between assemblages 
that inay occur at the species ievel and (2) 
because ~arge differences in ecological 
preferences do exist among algal species within 
the sam~ genus. 

However, Sl.lbstantial information can be gained 
by identifying a;}gae just to the gf)nus level. 
Whereas identifying algae only to genus may 
loose valuable ecdlogical infortnation, costs of 
analyses can be reduced, especially for 
inexperienced analysts. 

If implementing a new program and only an 
inexperienced analyst is available for the job, 
identifying diatom genera in assemblages can 
provide valuable characterizations of biotic 
integrity and environmental conditions. 

As analysts get more experience counting, the 
taxonomic level of fueir analyses should 
improve. The cost of an experienced analyst 
counting and identifying algae to species is not 
much greater than analysis to genus. 

Metrics from both groups could be included in an IBI to make a hierarchically diagnostic IBI. 
Alternatively, an IBI could be constructed from only metrics of biotic integrity so that inference of 
biotic integrity and diagnosis of impairment are independent (Stevenson and Pan 1999). 
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Autecological information about many algal species and genera has been reported in the literature. 
This information comes in several forms. In some cases, qualitative descriptions of the ecological 
conditions ill which species were observed were reported in early studies of diatoms. Following the 
development of the saprobic index by Kolkwitz and Marsson (1908), _several categorical classification 
systems (e.g., halobian spectrum, pH spectrum) were developed to describe the ecological preferences 
and tolerances of species (see Lowe 1974 fora review). Most recently, the ecological optima and 
tolerances of species for specific environmental conditions have been quantified by using weighted 
average regres~ion approaches (see ter Braak and van Dam 1989 for a review). We have compiled a 
list of references forthis information in Section 6.4. These references will be valuable for developing 
many of the metrics below. 

Metrics ofBiotic Integrity 

1. Species richness is an estimate of the number of algal sp(;)cies ( diatOll).S, soft algae, or both) in 
a sample. High species richness is assumed to indicate high biotic integrity because many 
species are adapted to the conditions present in the habitat. Speqies richness is predicted to 
decrease with.increasillg pollution because many specie,s are stressed. However, many habitats 
may be naturally stressed by low nutrients, low light, or other factors. Slight increases in 
nutrient enrich1nent can increase species richness ill headwater and naturally unproductive, 
nutrient~poorstreams (Bahls et al. 1992). 

2. ·Total N~Jmper of Genera (Generic richness) should be highest in reference sites and lowest in 
impacted sites where sensitive genera become stressed. Total number of genera (diatoms, soft 
algae, or both) may provide ,a more rob-p.st measure of diVersity than sp_ecies ric~ess, b.eq_ause 
numerous closely related species are within some genera and may artificially inflate richness 
estimates. 

3. 

4. 
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Total Number of Divisions represented by all taxa should be highest in sites with good water 
quality and high biotic integrity. 

Shannon Diversity (for diatofus). The Shannon Index is q. function of both the number of 
species in a sample and the distribution of individuals among those species (Klemm et al. 
1990). Be~ause species richness and evenness may vary .independently and complexly with 
water pollution. Stevenson (1984) suggests that changes ill species diversity, rather than the 
diversity value, may be useful indicators of changes in water quality. Species diversity, 
despjte the controversy surrounding it, has historically been used with success as an indicator 
of organic (sewage) pollution (Wilhm and Dorris 1968, Weber 1973, Cooper and Wilhm 
1975). Bahls et al. (1992) uses Shannon diversity because of its sensitivity to water quality 
changes. Under certaill conditions Shannon diversity values may underestimate water quality 
e.g., when total number of taxa is less than 10. Assessments for low richness samples can be 
improved by compari)J.g the assemblage Shannon Diversity to the Maximum Shannon Diversity 
value (David Beeson1

, personal communication). 

Jl~n:~Rt Comm_'@j:ty_SimUll.rtiy __ (P_Sc) 9f:W1lJ9_l;!l_s. Th~ p_§I~§pi_c_Q__mm~!Y-~imiJ~!Y_(PS_c) 
index, discussed by Whittaker (1952), was used by Whittaker and Fairbanks (1958) to 
compare planktonic copepod communities. It was chosen for use in algal bioassessment 
because it shows community similarities based on relative abundances, and ill doing so, gives 

1David Beeson is a phycologist with Schafer & Associates, Inc. 
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more weight to dominant taxa than rare ones. Percent similarity can be used to com,pare 
c.ont.17ol and test sites, or aver~ge colUlUunity .of a group of control or referenc.e. sites with a test 
site. Percent community sin1ilarity values range from 0 (no similarity) to 100%. 

TI1e formula for calculating percent conm1Ullity similarity is: 

where: 

ai = percentage C?f species i in sanlple A 
bi = percentage of species i in sample B 

6. Pollution Tolerance Index for Diatoms. TI1e pollution tolerance index (PTI) for algae 
resembles the Hilsenhoffbiotic index for n1acroinvertebrates (Hilsenhoff 1987). Lange
Bettalot (1979) distinguishes three categories of diatoms according to their tolerance to 
increased pollution, with species assigned a value of 1 for most tolerant taxa (e.g., Nit~schia 
pale4 or Gomphonema pm·v.ulum) to 3 for relatively sensitive species. Relative tolerance for 
taxa can be found in Lange-Bertalot (1979) and in many of the references listed in section 6.4. 
Thus, Lange,.Bertalot's PTI varies from 1 for most polluted to 3 for least polluted waters when 
using the following equation: 

where: 

PTI 

n; = number of cells counted for species i 
ti = tolerance value of species i 
N = total number of cells counted 

In some cases, the range of values for tolerances has been increased, thereby producing a 
corresponding increase in the range of PTI values. 

7. Percerit Sensitive Diatoms. The percent sensitive diatoms metric is the sum of the relative' 
abundances of all intolerant species. This metric is especially important in smaller-order 
streams where primary productivity may be naturally low, causing many other metrics to 
underestimate water quality. 

8. PercentAchnanthes minutissima. TIV.s species is a cosmopolitan diatom that has a very 
broad ecological amplitude. It is an attached diatom and often the first species to pioneer a 
recently scoured site, sometimes to the exclusion of all other algae. A. minutissima is also 
frequently dominant in streams subjected to acid mine drainage (e.g., Silver Bow Creek, 
Montana) and to other cliemical illsults. Tile percent abundance of A. minutissima has been 
found to be directly proportional to the time that has elapsed since the last scouring flow or 
episode of toxic pollution. For use in bioassessment, the quariiles of this metric from a 
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population of sites has been used to establish judgment criteria, e.g., 0-25% =no disturbance, 
25-50% =minor disturbance, 50-75% =moderate disturbance, and 75~100% =severe 
disturbance. Least-impaired streams in Montana may contain up to 50% A. minutissima 
(Bahls, unpublished data). 

Percent live diatoms was proposed by Hill (1997) as a metric to indicate the health of the 
diatom assemblage. Low percent live diatoms could be due to heavy sedimentation and/or 
relatively old algal assemblages with high algal biomass on substrates. 

Diagnostic Metrics that Infer Ecological Conditions 

The ecological preferences of many diatoms and other algae have been recorded in the literature. Using 
relative abundances of algal species in the sample and their preferences for specific habitat conditions, 
metrics can be calculated to indicate the environment stressors in a habitat These metrics can more 
specifically infer environmental stressors than the general pollution tolerance :index. 

10. Percent All errant Diatoms is the percent of diatoms in a sample that have anomalies in striae 
patterns or :frustule shape (e.g, long cells that are bent or cells with indentations). This metric 
has been posi.tively correlated to heav)r metal contamination in streams (McFarland et al. 
1997). 

11. Percentl\1otile ;J)iatollls. The percent motile diatorp.s is a siltation index, expressed as the 
relative abl1Il~ce of Navicula +Nitzschia + Surirella. ·It has shown"pro!nise in Montana 
(Bahls et al. 1992). The three genera are able to crawl towards the surface if they are covered 
by silt; their abundance is thought to reflect the amount and frequency of siltation. Relative 
abundances of Gyro sigma, Cylindrotheca, and other motile diatoms may also be added to this 
metric. 

12. Simple Diagnostic Metrics can infer the env:ironmental stressor based on the autecology of 
individ~al species in theh~bitats. For example, ifacid n:¢edrainage was imprunng streain 
conditions, then \Ve would expect to :fuid more 'addobioriffc taXa ill samples' .. Calcuhite a 
simple diagnostic metric as the sum of the percent relative abundances (range 0-100%) of 
species that have environmental optima in extreme environmental conditions. For example (see 
table 6-2): 

% acidobiontic + % acidophilic 
% alkalibiontic + % alkaliphilic 
% halophilic 
% mesosaprobic + % oligosaprobic + % saprophilic 
%eutrophic 

13. Inferred Ecological Conditions with Simple Autecological Indices (SAl)- The ecological 
preferences for diatoms are commonly recorded in the literature. Using the standard ecological 
categonescompiled.by Lowe-(1974, Table 6-2), the ecological preferences for different diatom 
species can be characterized along an environmental (stressor) gradient. For example, pH 
preferences for many taxa are known. These preferences (GJ can be ranked from 1-5 (e,g., 
acidobiontic; acidophilic, indifferent, alkaliphilic, alkalibiontic, Table 6.,2) and can be used in 
the following equation to infer environmental conditions (EC) and effect on the periphyton 
assemblage. 
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14. Inferred Ecological Conditions with Weighted Average Indices are based on the specific 
ecol<;>gical opti11i.a CPD for algae, which at'e being reported more and more commonly in recent 
publications (see Pan and Stevenson 1996). Caution should be exercised, because we do not 
know how transferable these optima are among regions and habitats. Using the following 
equation, the ecological condifions (BC) in a habitat can be huerred more accurately by using 
the opthmun enviromnental conditions (~D and relative abund~1ces (PD for taxa in the habitat 
(ter Braak and van Dam1989, Pan et al., 1996)than if only the ecological categorization were 
used (as above for the SAl). Opfu:mun envirom'i1ental conditions are those in which the highest 
relative abundances of a taxon are observed. These can be deterririned from the literature or 
fr0111 past surveys oftaxa ~1d enviromnel:'l.tal conditions in the study area (see ter Braal~ and 
van Dam 1989). fu a pH e:xa.rt1ple, fl1e specinc pH h1;.ahabitat can be inferred if we know the 
pH optima (H.) of taxa in the habitat, and use the follo:wing general equation: 

and modify for liuerring pH: 

15. Impairment ofEcOlQgical Conditions can be inferred with algal assemblages by calculating 
the deviation (.!lEe) between werred envirooo1ental conditions at a test site and at a reference 
site. 

Compare werred ecological conditions at the test site to the expected ecological conditions (BC.J of 
regional reference sites by using either simple autecological indices (SAIEc) or weighted average indices 
(\VAIEc): 

Table 6-2. Environmental definitions of autecological classification systems for algae (as modified or 
referenced by Lowe 1974). Definitions for classes are ~ven if no subclass is indicated. 

Classification System/ Conditions of lfi.ghest Relative 
Ecological P.a,rameter qass Subclass Abundances 

pH Spectrum .A.oidop~ontic · .. Below 5.5 pH 

Acidophilic Above 5.5 and below 7 pH 
--------- ·----- -- --Ai:oliiic17 pH Indifferent 

Alakaliphilic .Above 7 and below 8.5 pH 

Aikalibiontic Above8.5pH 

Nutrient Spec:t;niip. - based em Eutrophic !Iigh nutrient conditiqns 
P and N concentrations 
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Classification System/ Conditions of Highest Relative 
Ecological Parameter Class Subclass Abundances 

Mesotrophic Moderate nutrient conditions 

Oligotrophic .Low nutrient conditions 

Dystrophic High humic (DOC) conditions 

Halobion Spectrum - based Polyhalobous Salt concentrations > 40,000 mg/L 
on chloride concentrations or 

Euhalobous Mari:fleforms: 30,000-40,000 mg/L 
conductivity 

Mesohalobous. Alpha. range Brackish wat~r forms: 10,000-30,000 mg!L 

Mesohalobous Betarange Brackish water forms: 500~10,000 mg!L 

Oligohalobous Halophilous Freshwater - stimulated bysome salt 

· .Oligohalobous Indifferent Freshwater -tolerates .some .salt -
Oligohalobous Halophobic Freshwater - does not tolerate small 

amounts .of salt 

Saprobien S.ystem -based on Polysaprobic . Charactenstic of zone of degradation and 
organic pollution putrefication, oxygen usually absent or low 

m concentration: 

Mesosaprobic Alpha range · Zone of organic load oxidation- N as 
arili:rio acids 

'Beta range .Zone of organic load oxidation- N as 
amriJ.onia 

Ol~~os~pr:obic · ~Qp.¢ i~·witicli ·oxid~~o~ ·of yrg~cs 
complete, but high nutrient concentrations 
persist 

Saprophilic Usually m polluted waters, but also m 
clean waters 

Baproxenous Us11ally m clean v.raters, but also found m 
pollutedwaters 

Saprophobic Only found m unpolluted waters 

6.1.5 Determining Periphyton Biomass 

Measurement of periphyton biomass is common in many studies and may be especially important in 
~tudies that .address nutrient enrichment or toxicity. In many cases, however, ~ampling benthic algae 
misses peak biomass, which may best indicate nutrient problems and potential for nuisance algal 
growths (Biggs 1996, Stevenson 1996). 

Biomass measurements can be made with samples collected from natural or artificial substrates. To 
quantify algal biomass (chl a, ash-free dry mass, cell density, biovolume cm-2

), the area of the substrate 
sampled must be determined. Two national stream assessment programs sample and assess 
~~§.-specif~ cell densi:ty_?;l,lQ._}Jj_oy_Ql'llill_~_(U.SD.S:Nh..W_Q,A._,_:pgft~L~L::j.],.l9~}; _§.!l__d EMAP_, K).el.Jm}W,~ 
Lazorchak 1994). These programs estimate algal biomass in habitats and reaches by collecting 
composite samples separately from riffle and pool habitats. 
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Periphyton biomass can be estimated with chl 
a, ash-free dry ~nass {AFDM), cell densities, 
and biovol1,1me, USl,l,ally per cJ:J:l?'{Stevenson 
1996). Each of these measures estimates a 
differeli.t component of penphyton b'ioi11ass (see 
Stevenson 1996 for discussion). 

6.1.5.1 Chlorophyll a 

Ch.lorqp}iyll a ranges fron1 0.5 to 2% of total 
algal biomass (API-IA 1995), and this ratio 
varies with taxonomy, light, l'!nd n:utrlen.ts. A 
detailed descr).ption of chlorophyll a analysis' is 
beyo11d the scope of this chapter. Standard 
methods (APHA 1995, USEPA 1992) are 
readily available. The analysis is relatively 
simple m1d involves: 

1. extracting chlorophyll a in acetone; 

2. measuring chlorophyll concentration in the 
extract with a spectrophotometer or 
fluorometer; and 

3. calculating chlorophyll density on 
substrates by determining the proportion of 
original sample that was assessed for · 
chlorophyll. 

LABQRATORY EQWMENT J.i'OR 
. PER'iJ.>llYTON ANAI;YSIS 

compound niiorosoope with 1 OX or 15X 
oculars and 20X, 40X and 1 OOX (oil) 
objectives 
tally counter (for species proportional count) 
microscope slides and coverglasses 
immersion oil, lc:Jns paper and absorbent 
tisst1es 
tissue lwmogenizer or blender 
ma.@:~tic stin·er and stir bar 
forceps 
hot.plci:te 
fume hood 
squeeze bottle with distilled water 
"oxidation reagents (HN03, B2S04, K2Cr201, 
R202) 
200~500 ml beakers 
safetY glasses and protective clothing 
drying bven for AFDM 
muffk :furn.ace for.AFDM 
aluminum wc:Jigh:ilj.g pans for AFDM 
spectrophotometer or fluorometer for chl a 
centrifi!ge for chl a 
graduated test tribes for chl a 
acetone for chl a 
MgC03'for chl a 

Ash~free dry mass is a measurement of the organic matter in samples, and includes biomass of 
bacteria, fungi, small fauna, and detritus in samples. A detailed description of analysis is beyond the 
scope of this chapter, but standard methods (APHA 1995, USEPA 1995) are readily available. The 
analysis is relatively sin1ple and measures the difference in mass of a sample after drying and after 
incinerating organic matter in the smnple. We recommend using AFDM versus dry mass to measure 
periphyton biomass becau.se silt can account for a substantial proportion of dry mass in some samples. 
Ash mass in samples can be used to infer the amount of silt or other inorganic matter in samples. 

6.1.5.3 Area-Specific Cell Densities and Biovolumes 

Cell densities (cells cm"2
) are detem1ined by dividing the numbers of cells counted by the proportion of 

sample counted a:l1d the area from which samples were collected. Cell biovolumes (Tl1h13 biovolume 
Qn.1"~)_!l±Lc1.~t~nnin~d by _S1Jl1}Jl'J.i:J.}g :the_pl'QQucts ()f cell d.<:l:t1§i_ty_ m'].d b!ovoll!me of each sp(;lcies c~mnted 
(see Lowe and Pan 1996) and dividing that sum by the proportion of sample counted and the area from 
which samples were collected: 
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6.L5.4 Biomass Metrics 

High algal biomass can indicate 
eutrophication,.but high algal 
biomass can.also accumulate in less 
productive habitats after long 
periods of stable flow. Low algal 
biomass may be due to toxic 
conditions, but could be due to a 
recent storm event and spate or 
naturally heavy _grazing. Thus, 
interpretation ofbiomass results is 
ambiguous and is the reason that 
major emphasis has not been placed 
on quantifyin.g alg~l biomass for 
RBP. 'Bowever, nuisance levels of 
algal biomass (e~g., > 10. p.g chl a 
cm·2, > 5mg AFDM cm"2, :> 40% 
cover by macroalgae; see ·review by 
Biggs 1996).dqindicate nutrient or 
organic enrichllle11L If repeated 
measurements ofbioinass ·can be 
made, then the mean and maximum 
benthic chl a could be used to. define 
trophic status ofstreams. Dodds et 
al. (1998) have proposed guidelines 
in v;:bich the 
oligotrophic~mesotropbic bpun~ 

is a mean benthip chl a o£2 gg cm·2 

or a maximum benthic c;hl a o£7 gg 
cll1c2 arid· the 'n1es6t!o:Pill2~eurrophl2 
boun~ is a n).ean of 6 )lg chl a 
cm·2 and a maximum of 20 )lg chl a 
cm·2• · 

6.2 FIELD.,BASED RAPID 
PERIPHYTON SURVEY 

Semi-quantitative assessments of 
benthic algal biomass and taxonomic 
composition can be made rapidly 
with a viewing bucket marked with a 
grid and a biomass scoring system. 
Th§ advm;ttgg~ _QfJl~ing@.J> 
technique is that it enables rapid 
assessment of algal biomass over 

QUALITY CONTROL IN THE LABORATORY 

1. Upon delivery of samples to the laboratory, complete 
entries on.periphyton sample log-in forms (Appendix 2, 
Forril2): 

2. Maintain a voucher collection of all samples and diatom· 
slides. They should be accurately and completely label~d, 
preserved, and stored in the laboratory for future 
reference: Specimens on diatom slides should be clearly 
cirCled With a diamond or ink marker to facilitate 
l()cation. A record o:f the voucher specimens should be 
maintained. Photographs ofspecimens improve 
"in~b,orise" QA 

3. For every QA!QC sample (replicate sample in every lOth 
stream), assess relatiye abundances and taxa richness in 
replicate wet mounts and a replicate diatom slide to assess .. · 

. variation in l:ne1:rlcs due to variability in sampling within 
reacli~s(habitats ), sample preparation, and analytical 
vaiiability. 

4. · QA/QCsarqp}es should be counted by another taxonomist 
tp assess taxonomic precision and bias, if possible. 

5. Common algal taxa should be the same forthe two wet 
mount replicates. The percent C01TII11Unlty similarity 
index (Whittak:er 1952) (see Section 6.5.1) calculated 
from proportional counts of the two replicate diatom 
slides should exceed 75%. 

6. lfit is notpossible to get another taxonomist in the lab to 
·Q.AJQCsamples; anoutside'taxonbmistshould be . · 
con,sulted on a periodic basis to spot-check and verify 
taxonomic identifications in wet mounts and diatom 
slides. All common . .genera in the w~t mount and all 
major species on the diatom slide (>3% relative 
abundance) should be identified similarly by both analysts. 
(synonyms are acceptable). Any differences in 
identification should be reconciled and bench sheets 
should be corrected. 

7. A library ofbasic taxonomic literature is an essential aid 
in the identification of algae and should be maintained 
and updated as needed in the laboratory (see taxonomic 
references forperiphyton in Section.-6.5). Taxonomists 
should participate in periodic training to ensure accurate 

.. _identifi_c_ati9ns .... _ . ·- ............ . 

larger spatial scales than substrate sampling and laboratory analysis .. Coarse-level taxonomic 
characterization of communities is also possible with this technique. This technique is a survey of the 
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natural substrat!'l ~'l.d requires ~'l.o labor:;~.tory proc essing, but hf!11d picked samples can be returned to 
the laboratory to quickly verify identification. It is a teclmique developed by Stevenson and Riei. 

1. Fill in top of Rapid Periphyton S1.~rvey 
(RPS) Field Sheet, Appendix A-2, 
Fom'l.5. 

2. Establish at least 3 transects acros13 the 
habitat being sampled' (preferably riffles 
or nms in the reach in which benthic 
algal acqun;nilation is readily observed 
and characterized). 

3. Select 3 locations along each transect 
(e.g,, stratified random locations on right, 
middle, and left bank). 

4. Characterize algae in each selected 
locatiqn by iri:J.rttersi:l\g the bucket with 
50-dot grid (7 x 7 + 1) in the water. 

First, .cha.racteJ;ize macro algal 
bioma~s. 

• Observe the bottom of the stream 
tl:Jro-qgh th~ bottom of the 
viewing bucketm1,ci count the 

FIELD EQ'UIPlVfENT FOR RAPID 
PERIPHYTON SURVEY 

viewing bucket with 50-dot grid [Make the 
viewing bucket by cutting a hole h1 hotto~n of 
large (2 0.5 m diameter) plastic. bucket, but leave 
a small ric1ge around the lf<;lge. Attach a piece of 
clear ac11lic sheet to' the bottom o~the bucket 
with sm!l-11 screws and silicon caulk. The latter 
makes water tight seal so that no water enters the · 
bucket when it is partially stibmerged. 
Periphyfon can be clearly viewed by looking 

· down through the bL(cket when it is partially 
submerged irt the stream. M~:~.tlc 50 dots in a 7 x 
7 grid on the top surface of the acrylic sheet with 
a waterp:roofl:ilackmarker. Add another dot 
outside the 7 x 7 grid to make the 50 dot grid:] 
meter stick 
pencil 
Rapid Periphyton Survey Field Sheet 

11mnber of dots that o.ccur over macroalgae (e.g., Cladophora or Spirogyra) under which 
substrates cmmot be seen. Record that number and the kind of macro algae under the dots 
on RPS field sheet. 

• Measure andrecord the maximum length of the macro!J,lgae. 
• If tylp or :more types of macr9alg~e ai:e yresent, count the dots, measure, and record 

informatio~ ±h~ ~ach tYPe of rn~crbalgae separ~teiy. . 
Second, characterize microalgal cover. 
• WJ:li1e viewi11.g the SEillle area, record th,e number of dots under which substrata occur that 

are su.itable size for microalgai accmnulation (gravel > 2 em in size). 
• Determine the kind (usually diatoms and blue-green algae) a11d estimate the thickness 

(density) ofmicroal~ae under each dot using the following thickness scale: 
0- substrate rough with no visual evidence·ofmicroalgae 
0.5 - substrate slimy, but no visual accumulatio1:1 of microalgae is evident 
1 - a thin layer of micro algae is visually evident 
2- accuniulation ofmicroalgallayer from 0.5-1 mm thick is evident 
3 - accumulation of micro algae layer from 1 mm to 5 1Ill11 thick is evident 
4 - accumulation of microalgallayer frmn 5 1Ill11 to 2 em thick is evident 
5 - accumulation ofmicrDalgallayer greater than 2 em thick is evident 
Mat thickness can be measured with a ruler. . 

• . Recorcftlie- nU!iiber of dots-that are over each of :the specific thickness rm1ks separately for 
diatoms, blue-green algae, or other microa.lgae. 

2S.T. Rier is a graduate student at the University of Louisville. 
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5. Statistically characterize density of algae on substrate by dete~g: 
·total number of grid points (dots) evaluated at the site CDt); 
number of grid points (dots) over macroalgae (l),J 
total number of.grid points (dots) over suitable substrate for IIJ).croalgae.at the site(~); 
number of grid points over micro alga of different thiclmess ranks for each type of micro alga 
(d;); 
average percent .cover of the habitat by each type of macroalgae (i,e., 1 OOX D,JD1); 

maximum length of each type of macro algae; 
! mean density (i.e., thiclmess rank) of each type ofmac:roalgae on suitable substrate (i.e., 

L:d;r/~); maxii:num density of each type ofmicroalgae on suitable substrate. 

6. QAJQC between observers and calibration between a1ga1 biomass (cJ::U q., AFDM, cell density and 
biovolume cm·2 and taXonomic composition) can be develpped by collecting samples that have 
specific microalgal rankings and assayin~ the periphyton. 

6.3 TAXONOMIC REFERENCES FOR PERIPIIYTON 

A great wealth of taxonomic literature is avaihible for a1gae. Below is a subs.et of that literature. It is 
a list of taX.onomic references that are useful for most of the l!nited States and are either in English, are 
important be.cause no English treatment of the group is acfequa:te, or are valuable for the good 
iilustrations. . 

Camburn, K.E., R.L. Lowe, and D.L. Stoneburner. 1978. The haptobenthic diatom flora of Long 
Branch Creek, South Carolina. Nova Hedwigia 30:149-279. 

Collins, G.B. and R.G. Kalinsky. 1977. Studies on Ohio diatoms: I. Diatoms of the Scioto River 
Basin. Bull. Ohio Biological Survey. 5(3):1-45. 

Cox, E. J. 1996. Identification offreshwaterdiatomsfrom live material. Chapman & Hall, London. 

Czarnecki, D.B. and D.W. Blinn. 1978. Diatoms of the Colorado River in. Grand Canyon National 
Park and vicinity. (Diatoms of Southwestern USA II). Bibliotheca Phycologia 38. J. Cramer. 181 pp. 

Dawes, C. J. 1974. Marine Algae of the West Coast of Florida. University of Miami Press. 

Dillard, G.E. 1989a. Freshwater algae of the Southeastern United States. Part 1. Chlorophyceae: 
Volvocales, Testrasporales, and Chlorococcales. Bibliotheca, 81. 

Dillard, G.E. 1989b. Freshwater algae of the Southeastern United States. Part 2. Chlorophyceae: 
Ulotrichales, Microsporales, Cylindrocapsales, Sphaeropleales, Chaetophorales, Cladophorales, 
Schizogoniales, Siphonales, and Oedogoniales. Bibliotheca Phycologica, 83. 

Dillard, G.E. 1990. Freshwater algae of the Southeastern United States. Part 3. Chlorophyceae: 
Zygnematales: Zyge!lmata.ceae, :M:esotaeniaceae, and Desn:ridaceae(SeCtion 1). Bibliotheca 
Phycologica, 85. 

Dillard, G.E. 1991. Freshwater algae of the Southeastern United States. Part 4. Chlorophyceae: 
Zygnemateles: Desn:ridaceae (Section 2). Bibliotheca Phycologica, 89. 
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Drouet, F. 1968. Revision of the classification of the oscillatoriaceae. Monograph 15. Academy of 
Natural Sciences, Philadelphia. Fulton ·Press, Lancaster, Pellllsylvania. 

Holm, M.H. and J. Hellenn~n. 1963. The taxonomy and structure of diatom populations from three 
North Americm1 rivers using ,three sampling methods. Transaction of the American Mierosoopal 
Society 82:250~329. 

Hustedt, F. 1927-1966. Die kiesela:lgen In Rabenhorst's Kryptogamen-flora von Deutschland 
Osterreich und der Schweiz VII. Leipzig, West Gem1any. 

Hustedt, F. 1930. Bacillariophyta (Diatomae). In Pascher, A. (ed). Die suswasser Flora 
Mitteleuropas. (The freshwater flora of middle Europe). Gustav Fischer Verlag, Jena, Germany. 

Jarrett, G.L. and J.M. King. 1989. The diatom flora (Bacillariphyceae) of Lake Barkley. U.S. Army 
Corps of Engineers, Nashville Dist. #DACW62.-84.-C~0085. 

Kranuner, K. and H. Lange-Bertalot. 1986-1991. Susswasserflora von Mitteleuropa. Band 2. Parts 
1-4. Bacillariophyceae. Gustav Fischer Verlag. Stuttgart. New York 

Lange-Bertalot, H. and R . .Simo:J,1Sen. 1978. A taxonomic revision of the Nitzschia lanceolatae 
Grunow: 2. European and related extra-European freshwater and brackish water taxa. Bacillaria 
1:11-111. 

Lange-Bertalot, H. 1980. New species, combinations and synonyms in the genus Nitzschia. 
Bacillarta 3:41-77. 

Patrick, R. and C.W. Reimer. 1966. The diatoms of the United States, exclusive of Alaska and 
Hawaii. Monograph No. 13. Academy of Natural Sciences, Philadelphia, Pe1msylvani.a. 

Patrick, R. and C.W.Reimer. 1975. The Diatoms ofthe United States. Vol. 2, Part 1. Monograph 
No. 13. Academy ofNatural Sciences, Philadelphia, Pennsylvania. 

Prescott, G.W. 1962. The algae of the Western Great Lakes area. Wm. C. Brown Co., Dubuque, 
Iowa. 

Prescott, G.W., H.T. Croasdale, and W.C. Vinyard. 1975. A Synopsis of North American desmids. 
Part IL Desmidaceae: Placodermae. Section 1. Univ. Nebraska Press, Lincoln, Nebraska. 

Prescott, G.W., H.T. Croasdale, and W.C. Vinyard. 1977. A synopsis ofNm·thAmerican desmids. 
Part IL Desmidaceae: Placodermae. Section 2. Univ~Nebni.ska Press, Lincoln, Nebraska. 

Prescott, G.W., H.T. Croasdale, and W.C. Vinyard. 1981. A synopsis of North American desmids. 
Part II. Desmidaceae: Placodermae. Section 3. Univ. Nebraska Press, Lincoln, Nebraska. 

Prescott, G.W. 1978. How to know the freshwater algae. 3rd Edition. Wm. C. Brown Co., 
Dubuque, Iowa. 

Simonsen, R. 1987. Atlas and catalogue ofthe diatom types of Friedrich Hustedt. Vol. 1-3. J. 
Cramer. Berlin, Germany. 
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Smith, M. 1950. The Freshwater Algae of the United States. McGraw-Hill, New York, New York. 

Taylor, W. R. 1960. Marine algae of the eastern tropical and subtropical coasts oftheAmericas. 
University of Michigan Press, Ann Arbor, Michigan. 

VanLandingham, S. L. 1982. Guide,to the identification, environmental requirements and pollution 
tolerance offreshwater blue-green algae (Cyanophyta). EPA-600/3-82-073. 

\Vhitford, L.A. and G.J. Schumacher. 1973. A manual offreshwater algae. Sparks Press, Raleigh, 
North Carolina. 

Wujek, D.E. and R.F. Rupp. 1980. Diato;m.s of the Tittabawassee River, Mich!-gan. Bibliotheca 
Phycologia 50:1-100. 

6.4 AUTECQLOGICAL REFERENCES FOR PERIPHYTON 

Beaver, J. 1981. Apparent ecological characteristics Qj some common freshwater diatoms. Ontario 
Ministry of the Environment. Rex dale, Ontario,. Canada. 

Cholnoky, B. J. 1968. Okologie der Diatorneen in Binnegewassem. Cramer:, Lehre. 

Fabri, R. and L. Leclercq. 1984. Etude ecologique des rivieres du nord du massif Ardennais 
(Belgique): flore et~egetation d~ .dii:ltomeees etph:ysico-chirnie des eaux. 1. Station scientifique des 
Hautes Fagnes,Robertvil1e. 379pp .. · 

Fjerdingstad, E. 1950. The rnicroflora ofthe River Molleaa with special reference to the relation of 
benthic algae to pollution. Folia Limnologjca Scandanavica 5, 1-123. 

Hustedt, F. 1938.:39 .. Sy:stamatische und okologische Untersuchungen uber die Diatomeen-Flora von 
.Java, .Bali. und.,Sumatra nachdem,1fateriaL d~t~r,Deutscheri Limrioiogischen .. Sil;nda~ Expedition. 
Allgemeiner Teil. I. Ubersicht uber das Untersuchungsmaterial und Charakterisktik der Diatomeenflora 
der einzelnen Gebiete. II. Die Diatomeen flora der unte~suchten Gesassertypen. III. Die okologische 
Faktoren und .ihr .Einfluss auf die Diatorn:een:flora. Archiv .fur Hydrohiologie, Supplement Band, 
15:638-790 (1938); 16:1-155 (1938); 16:274-394 (1939). 

Hustedt, F. 1957. Die Diatomeen:flora des Flusssystems der Weser im Gebiet der HansestadtBremen. 
Abhandlungen naturwissenschaftlichen. Verein zu Bremen, Bd. 34, Heft 3, S. ~ 81-440, 1 Taf. 

Lange-Bertalot, H. 1978. Diatomeen-Differentialarten anstelle von Leitformen: ein geeigneteres 
Kriterium der Gewasserbelastung. Archiv fur Hydrobiologie Supplement 51, 393-427. 

Lange-Bertalot, H. 1979. Pollution tolerance of diatoms as a criterion for water quality estimation. 
Nova Hedwigia 64, 285-304. 

LeCointe C., M. Coste, and J. Pzygiel. 1993. "O:MNIDIA" software for taxonomy, calculation of 
diatom indices and inventories management. Hydrobiologia 269/270: 509-513. 

Lowe, R. L. 1974. Environmental Requirements and Pollution Tolerance of Freshwater Diatoms. US 
Environmental Protection Agency, EPA-670/4-74-005. Cincinnati, Ohio, USA. 
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Rott, E., G. Hofinmm, K. Pall, P. Pfister, and E. Pipp. 1997. Indikationslisten fur Au:fwuchsalgen in 
osterreichischen Fliessgewassern. Teil 1: · Saprobielle h1clikation. Wasserwirtschaftskataster. 
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BENTHIC MACROINVERTEBRATE 

7--P_R_o_T_o_c_. o_ ...... L_s _________ _ 

Rapid bioassessment using the benthic macroinvertebrate assemblage has been the most popular set of 
protocols among the state water resource ~gencies since 1989 (Southerland and Stribling 1995). Most 
of the development ofbenthic Rapid Bioassessment Protocols (RBPs) has been oriented toward RBP 
III (described in Plafkin et al. 1989). As states have focused attention on regional speciii.city, which 
has included a wide variety of physical characteristics of streams, the methodology of conducting 
stream surveys of the benthic assemblage has advanced. Some states have prefer:red to retain more 
traditional methods such as the Surber or Hess samplers (e.g., Wyoming Department of Environmental 
Quality [DEQ]) over the kick net in cobble substrate. Other agencies have developed techniques for 
streams lacking cobble substrate, such as tho.se streams in coastal plains. State water resource 
agencies composing the Mid-Atlantic Coastal Stre~s (MACS) Workgroup, i.e., New Jersey 
Department ofEnvrronmental Protection (DEP), Delaware Department ofNatural Resources and 
Environmental Control (DNREC), Maryland Department of Natural Resources (DNR) and Maryland 
Department of the Environment (MDE), Virginia DEQ, North Carolina Department of Environmental 
Management (DEM), and South Carolina Department of Health and Environmental Control (DHEC), 
and a workgroup within the Florida Department of Environmental Protection (DEP) were pioneers in 
this effort. These 2 groups (MACS and FLDEP) developed a multihabitat sampling procedure using a 
D-frame dip net. Testing of this procedure by these 2 groups indicates that this technique is 
scientifically valid for low-gradient streams. Research conducted by the U.S. Environmental Protection 

STANDARD BENTIDC MACROINVERTEBRATE SAMPLING GEAR TYPES FOR STREAMS 
(assumes standard mesh size of ~00 J! nytex screen) 

Kick net: Dimensions of net are 1 meter (m) x 1 m attached to 2 poles and functions similarly to a 
~fish kick seine. Is :inost efficient for sampling cobble substrate (i.e., riffles and runs) where velocity 
of water will transport dislodged organisms into net. Designed to sample 1 m2 of substrate at a time 
:and can be used in any depth from a few centimeters to just below lm (Note-- Depths of 1m or 
greater wil1 be difficult to sample with any gear). · . 

'D-frame dip net: Dimensions of frame are 0.3 m width and 0.3 m height and shaped as a "D" 
where frame attaches to long pole. Net is cone or bag-shaped for capture of organisms. Can be used 
in a variety of habitat typ~s and used as a kick net, or for 'jabbing", "dipping", or "sweeping". 

Rectangular dip net: Dimensions of frame are 0.5 m width and 0.3 m height and attached to a long 
pole. Net is cone. or bag-shaped. Sampling is conducted similarly to the D-frame. 

·Surber: Dimensions of frame are 0.3 m x 0.3 m, which is horizontally placed on cobble substrate to 
delineate a 0.09 m2 area. A vertical section of the frame has the net attached and captures. the 
dislodged organisms from the sampling area. Is restricted to depths ofless than 0.3 m. 

Hess: Dimensions of frame are a metal cylinder approximately 0.5 m in diameter and samples an 
area 0.8 m2

• Is an advanced design of the Surber and is intended to prevent escape of organisms and 
contamination from drift. Is restricted to depths ofless than 0.5 m. 
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Agency (USEPA) for their Environmental Monitoring and Assessment Program (EMAP) program and 
the United States Geological Survey (USGS) for their National Water Qtlaliiy Assessment Program 
(NA WQA) program have indicated that the rectangular dip net is a reasonable con.J.promise between 
the tmditional Surber or Hess samplers .and the RBP kick net described the original RBPs. 

From the testing and :implementation efforts that have been conducted around the country since 1989, 
refinements have been made to the procedures while maintaining the original concept of the RBPs. 
Two separate procedtu·es that are oriented toward a "si.J.'lgle, most pro!'hwtive" habitat and a 
multihabit.at approach rc;present the most r~gorous bt;)l'lthic RBP ID?.d aJ:e (:lssentially a replacement of the 
origit1al RBP ill. The prirnary diffffrences between the ongimt1 RBP II a:nd III E~re the decision on field 
V(:ll'StlS lab sorting m;1d level oftax.ono:my. These differences are not cOl~sidered sufficient reasons to 
warrant ,separate protocols. In additiorJ,, a third protocol11as been develc:;>ped as a more standardized 
biological reconnaissance or sore~nh'lg and replaces RBP I of the ori~J.al document. 

Hess :sampier 
(Mary Kay Corazalla, Univ. of Minnesota) 
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7.1 SINGLE HABITAT APPROACH: 1 METER KICK NET 

The original RBPs (Plafkin et al. 1989) emphasized the sampling of a single habitat, in particular 
riffles or runs, as a means to standardize assessments among streams having those habitats. Th.s 
approach is still valid, because macroinvertebrate diversity and abundance are usually highest in cobble 
substrate (riffle/run) habitats. Where cobble substrate is the predominant habitat, this sampling 
approach provides a representative sample of the stream reacl;. However, some streams naturally lack 
the cobble substrate. In cases where the cobble substrate represents less than 30% of the sampling 
reach in reference strean1s (i.e., those streams that are representative ofthe region), alternate habitat(s) 
will need to.be sampled (See Section 7.2). The appropriate sampling method should be selected based 
on the habitat availability of the reference condition and not of potentially impaired streams. For 
example, methods would not be altered for situations where the extent of cobble substrate in streams 

,influenced by heavy sediment deposition may be substantially reduced from the amount of cobble 
substrate expected for the region. 

7 .1.1 Field SaJJJ,pling Procedures for Single Habitat 

1. A 100m reach 
representative of the 
characteristics of the 
stream should be selected. 
Whenever possible, the 
area should be at least 
1 00 meters upstream 
from any road or bridge 
crossing to minimize its 
effe9t on stream velocity, 
depth, and'overall habitat 
quality. There should be 
no major tributaries 
discharging to the stream 
in the study area. 

FIELD EQUIPMENT/SUPPL;I:ES NEEDED FOR BENTIDC 
MACROINVERTEBRATE SAMPLING 

-SINGLE HABITAT APPROACH 

standard kick-net, 500 fJ. opening mesh, 1.0 meter width 
sieve bucket, with 500 fJ. opening mesh 
95% ethanol 
sample containers, sample container labels 
forceps 
pencils, clipboard 
Benthic Macroinvertebrate Field Data Sheet* 
first a,id kit 
waders (chest-high or hip boots) 
rubber gloves (arm-length) 
camera 
Global Positioning System (GPS) Unit 

2. Before sampling, • It is helpful to copy fieldsheets onto water-resistant paper for use 
complete the .in wet weather conditions 

physical/chemical field ~--••••••••••••••••••• 
sheet (see Chapter 5; 
Appendix A-1, Form 1) to do;::umentsite description, weather conditions, and land use. After 
sampling, review tills information for accuracy and completeness. 

3. Draw a map of the sampling reach. Tbis map should include in-stream attributes (e.g;, riffles, 
falls, fallen trees, pools, bends, etc.) and important structures, plants, and attributes of the 
batik and near stream.areas. Use an.arrow to indicate .the direction.of.flow .. lndicate the areas 
that were sampled for macroinvertebrates on the map. Estimate "river mile" for sampling 
reach for probable use in data management of the water resource agency. If available, use 
hand-held Global Positioning System (GPS) for latitude and longitude determination taken at 
the furthest downstream point of the sampling reach. 
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4. 

5. 

6. 

8. 

9. 

7~4 

All riffle and nm areas within the 1 OO~m 
reach are car;tdidate)s for san1.pling 
macrohwertebrates. A oom.posite 
sample is talcen :fr·om individual sm:npling 
sp.ots fu the riffles and run.s representil1g 
different velocities. Generally, a 
ntinin.1ur.n of 2 m2 conJ.posited area is 
sampled for RBP efforts. 

Smnpling begins at the doWl'lStr<;:mu end 
of the reach and proceeds upstremn. 
Using a 1m kick net, 2 or 3 kicks are 
sm:npled at various velocities in the riffle 
or series of riffles. A kick is a stationary 
sampling accomplished by. positionin,g 
the net a:tld disturbing one square meter 
l1pstream of the net. Using ilb.e toe or 
heel of the boot, dislodge the upper layer 
of cobble or gravel and scrape the 
l.mderlying bed. Larger substrate 
pm:ti.cles should be picked up and rubbed 

ALTERNATIVES FOR STREAM REACH 
DESIGNATION 

Fixcd"dist!lncc designation-A standard 
length of stream, such as a reach, is 
commonly used to obtain an estimate of 
nat~1ral variability. Conceptually, this 
approacl1 sho1.11d provide a mixture of 
habitats in the reach and provide, at a 
minimum, duplicate physical and structural 
elements such as a riffle/pool sequence. 

Proportional-distan.ce designation
Alternatively, a standard number of stream 
"widths" is used to measure the stream 
distance, e.g., 40 times the stream width is 
defined by EMAP for sampling (Klemm and 
Lazorchak 1995). 'This approach allows 
vari11tion in the length of the reach based on 
the size of the stream. 

by hand to remove attached organisms. If different gear is used (e.g.; aD-frame or rectangular 
net), a composite is obtained from numerous kicks (See Section 7.2). 

The jabs or kicks collected from different locations in the cobble substrate will be composited 
to obtain a single homogeneous sample. After every kick, wash the collected material by 
running clean stream water through the net 2 to 3 times. Ifclogging does occur, discard the 
material in the net and redo that portion of the sample in a different loc;:l.tion. Remove large 
debris after rinsing and inspecting it for orgEl!risms; place any organisms found into the sample 
container. Do not spend time inspecting small debris in the field. [Note- an alternative is to 
keep the samples from different habitats separated as done in EMAP (Klemm and Lazorchak 
1995).] 

Transfer the sample from the net to sample container(s) m1d preserve in enough 95 percent 
ethanol to cover the sample. Forceps may be needed to remove organisms from the dip net. 
Place a label mdicating the sample identification code orlot number, date, stream name, 
san1plin.g location, and collector nmne into the sample container. The outside of the container 
should include the same information and the words "preservative: 95% ethanol". If more than 
one container is needed for a sample, each container label should contain all the inforn1ation 
f()r the smnple and should be numbered (e.g., 1 of 2, 2 of 2, etc.). Tlus information will be 
recorded in. the "Sample Log" at the biological laboratory (Appendix A-3, Fonn 2). 

·complete the top portion of the "Benthic Macroinvertebrate Field Data Sheet" (Appendix A-3, 
Form 1), which duplicates the "header" infom1ation on the physical/chemical field sheet. 

Record the percentage of each habitat type in the reach. Note the sampling gear used, and 
comment on conditions of the sampling, e.g., high flows, treacherous rocks, difficult access to 
stream, or anytbjng that would indicate adverse sampling conditions. 
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10. Document observations of aquatic flora and fauna. Make qualitative estimates of 
macroinvertebrate composition ~d relative abundance as a cursory estimate of ecosystem 
health and to check adequacy of sampling. · 

11. Perform habitat assessment (Appendix A-1, Form 2) after sampling has been completed; 
walking the reach helps ensure a more accurate assessment. Conduct the habitat assessment 
with another team member, if possible. 

12. Return samples to laboratory and complete log-in form (Appendix A-3, Form 2). 

QUALITY CONTROL (QC) IN THE FIELD 

1. Sample labels must be properly completed, including the smp.ple identification code, date, stream 
name, sampling location, and collector's name, and placed into the sample container. The outside: 
of the container should be labeled with the same information. Chain-of-custody forms, if needed, 
must include the same information as the sample container labels. 

2. After sampling :P,as been completed at a given site, all nets, pans, etc. that have come in contact with 
the sample shol1ld be rinsed thoroughly, examined carefully, and picked free of organisms or debri.s. 
Any additional organisms found should be placed into the sample containers. The equipment should 
be examined again prior to use at the next sampling site. 

3. Replicate (1 duplicate sample) 10% of the sites to evaluate precision or repeatability of the saJnpling 
technique or the collection team. 

7.2 MULTIHABITAT APPROACH: D-FRAME DIP NET 

StreaJns in many states vary from 
high gradient, cobble dominated to 
low gradient streams with sandy 

FIELD EQffiPMENT/SyPPLIES NEEDED FOR BENTHIC 
MACROINVERTEBRATE SAMPLING 

-MULTI-HABITAT APPROACH 

standard D-frame dip net, 500 fJ. opening mesh, 0.3 m width 
(- 1.0 ft frame width) 
sieve bucket, with 500 fJ. opening mesh 
95% ethanol 
sample containers, sample container labels 
forceps 
pencils, clipboard 
Benthic Macroinvertebrate Field Data Shed 
first aid kit 
waders (chest-high or hip boots) 
rubber gloves (arm-length) 
camera 
Global Positioning-System -(GPS) Unit 

or silty sediments. Therefore, a 
method suitable to sampling a 
variety of habitat types is desired 
in these cases. The method that 
follows js based on Mid-Atlantic 
Coastal Streams Workgroup 
recommendations designed for use 
in streams with variable habitat 
structure (M.A.CS 1996) and was 
used for statewide stream 
bioassessment programs by 
Florida DEP (1996) and 
Massachusetts DEPJ1995.)· This 
method focuses on a multihabitat 
scheme designed to sample major 
habitats in proportional 
representation within a sampling 
reach. Benthic 

• It is helpfi+l to copy fieldsheets onto water-resistant paper for use 
in wet weather conditions 
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macroinvertebrates are collected systematically from all available instrew.n habitats by kicking the 
substrate or jabbh1g with a D~frame dip rwt. A total o£20 jabs (or kicks) are t~ken from all major 
habitat types in the reach resulting in sampling of approximately 3.1 n12 of habitat. For example, if the 
habitat in tl1e smnplb.1g reach is 50% snags, then 50% or 10 jabs should be talce11 in tl1at habitat. An 
orgmtis1n-based subsm11ple (usually 100, 200, 300, or 500 org~nisms) is sorted in the laboratory and 
identified to the lowest practical taxon, generally genus or species. 

7.2.1 Habitat Types 

The major stremn habitat types listed here are in reference to tl:~.ose that are colonized by 
macroinvertebrates m1d generally support the diveJ;sity of 'the Inacroinve;rtebrate assemblage in stream 
ecosystems. Some conibination of 'these habitats would be sampled in the multihabitat approach to 
bel'ltltic sampling. 

Cobble (bard substrate)- Cobble will be prevalent in the riffles (and runs), whlch are a common 
featl.Jre tbroughout most mountain and piedmont stremns. m many high-gradient streams, this habitat 
type will be dominant. However, riffles are not a common feature of most coastal or other low
grac;lient streams. Sample sh;lllow areas with coarse (mixed gravel, cobble or 1arger) substrates by 
holding the bottom of the dip net against the substrate and dislodging organisms by kicking the 
substrate for 0.5 m upstream of the net. 

Snags - Snags m1d other woody debris that have been submerged for a relatively leng period (not recent 
deadfall) provide excellent colonization habitat. Sample subme:rged woody debris by jabbing in 
medium-sized snag material (sticks and branches). The snag habitat may be kicked flrst to help 
dislodge organisms, but only after placing the net downstream of the snag. Accumulated woody 
material in pool areas are considered snag habitat. Large logs should be avoided because they are 
generally difficult to sample adequately. 

Vegetated banks - When lower banks are submerged and have roots and emergent plm1ts associated 
with them, they are sampled in a fashion similar to snags. Submerged areas of undercut banks are 
good habitats to sample. Sample banks with protruding roots and plants by jabbing into the habitat. 
Bank habitat can be kicked first to help dislodge organisms, but only after placing the net downstream. 

Submerged macrophytes - Submerged macrophytes are seasonal in their occurrence m1d may not be a 
common feature of mm1y streams, particularly those that are high-gradient. Sample aquatic plants that 
are rooted on the bottom of the stremn in deep water by drawing the net through the vegetation from the 
bottom to the surface of the water (maximum of 0.5 m each jab). In shallow water, sample by 
bumping or jabbing the net along the bottom in the rooted area, avoiding sediments where possible. 

Sand (and other fine sediment)- Usually the least productive macroinveitebrate habitat in streams, 
this habitat may be the most prevalent in some streams. Sample banlcs ofunvegetated or soft soil by 
bumping the net along the surface of the substrate rather than dragging the net through soft substrates; 
this reduces the amount of debris in the sample. 
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7 .2.2 Field Sampling Procedures for Multihabitat 

1. 

2. 

A 100 m reach that is representative of 
the characteristics of the stream should 
be selected. Whenever possible, the 
area should be at least 100 m upstream 
from any road or bridge .crossing to 
mil:riroize its effect on stream velocity, 
depth and overall h;:tbitat quality. There 
shot~ld be no major tributaries 
disyharging to the stream in the study 
area. 

Before sampling, complete the 
physical/chemical field sheet (see 
Chapter 5; Appendix A-1, Form 1) to 
document site description, weather 
conditions, and land use. After 
sa.m,pl:ing, review this information for 
accuracy and completeness. 

ALTERNATIVES FOR STREAM REACH 
DESIGNATION 

Fixed-distance designation-A standard 
length of stream, such as a reach, is 
commonly used to obtain an estimate of 

. natural variability. Conceptually, this 
approach should provide a mixture of 
habitats in the reach and provide, at a 
minimum, ~uplicate physical and structural 
elements such as a riffle/pool sequence. 

Proportional-distance designation
Alternatively, a standard number of stream 
"widths" i.s used to measure the stream 
distance, e.g., 40times the stream width is 
defined'by EMAP for sampling (Klemm and 
Lazorchak 1995). This approach allows 
vari.c:~,tion in the length of the reach based o:n 
the siz;e of the strc:;;am. 

3. Draw a map of the sampling reach. This 
map should include in-stream attributes 
(e.g., riffles, falls, fallen trees, pools, bends, etc.) acJ.d important str.:.ctures, plants, and 
attributes of the bank and near stream areas. Use an arrow to indicate the direction of flow. 
Indicate the areas that were sampled for macro:invertebrates on the map. Approximate "river 
mile" to sampling reach for probable use in data management of the water resource agency. If 
available, use hand-held GPS for latitude and longitude determination taken at the furthest 
downstream point of the. sampli.ng reach .. 

4. Different types of habitat are to be sampled in approxll:nate proportion to their representation 
of surface area of the total macroinvertebrate habitat :in the reach. For example, if sna:gs 
comppse 50% of the habitat in a reach.and riffles co:p:1prise 20%, then lOjabs should be taken 
in snag material and 4 jabs should be take :in riffle areas. The remainder of the jabs (6) would 
be taken in any remaining habitat type. Habitat types contributing less than 5% of the stable 
habitat:in.the stream reach should not be sampled. In this case, allocate the remaining jabs 
proportionately among the predominant substrates. The number of jabs taken in each habitat 
type should be recorded on the field data sheet. 

5. Sampli.ng begins at the downstream end of the reach and proceeds upstream. A total of 20 
jabs or kicks will be taken over the length of the reach; a single jab consists of forcefully 
thrusting the net into a productive habitat for a linear distance of 0.5 m. A kick is a stationary 
sampli.ng accomplished by positioning the net and disturbing the substrate for a distance of 0.5 
m u_pstre§Ill of the net. 

·6. The jabs or kicks collected from the multiple habitats will be composited to. obtain a single 
homogeneous sample. Every 3 jabs, more often if necessary, wash the collected material by 
running clean stream water through the net two to three tilnes. If clogging does occur that may 
hinder obtaining an appropriate sample, discard the material in the net and redo that portion of 
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7. 

8. 

9. 

10. 

11. 

12. 

the sample :in the smne habitat type but in a different location. Remove large d!3br:is after 
r:U1sing and ilwpecting it for organisms; place any organisms found into the sample container. 
Do not spend time inspecting small debris in the fir;Jld. 

Trat1sfer the smuple fi.·om the net to sample contaii'ler(s) and preserve in enough 95% ethanol to 
cover the sample. Forceps 1nay be needed to ren1ove orgqnisms fron1 the dip net. Place a label 
indicating the sample identification code or lot llt.U'l.1ber, date, streru.11 nm1').,e, sm11pling location, 
and collector nru.11e into the sm'l.'lple container. The 01.1tside of the container should include the 
sm11e iu:formation and the words '1preservative: 95% ethm1ol". Ifl'J.1ore that one container is 
needed for a smuple, each container label should contain all the infom1ation for the sample and 
sho~lld be ntm'l.br;Jred (e.g., 1 of 2, 2 of 2, etc.). This infonuation will be recorded in the 
"Sample Log" at the biological laboratory (Appendix A-3, F011112). 

Compl~::te the top portion ofthe "Benthic Macroinvertebrate Field Data Sheet" (Appendix A-3, 
Form 1), which duplicates the "header" information on the physical/chemical field sheet. 

Rec.ord the percentage of each habitat type in the reach. Note the sampling gear used, and 
connuent on conditions of·the sampling, e.g., high flows, treacherous rocks, difficult access to 
stream, or anything that would indicate adverse sampling conditions. 

Docm;nent observations of aquatic flora and fauna. Make qualitative estimates of 
macroinvertebrate composition and relative abundance as a smrsory estimate of ecosystem 
health and to check adequacy of sampling. 

Perform habitat assessment (Appendix A-1, Fonn 3) after sampling has been completed. 
Having sampled the various microhabitats and wa:lked the reach helps ensure a more accurate 
assessment. Conduct the habitat assessment with another team member, if possible. 

Return samples to laboratory and complete log-in forms (Appendix A-3, Form 2). 

QUALITY CONTROL {QC) IN THE FIELD 

1. Sample labels must be properly completed, including the sample identification code, date, stream 
name, sampling location, and collector's name and placed into the sample container. The outside of 
the container should be labeled with the same information. Chain-of-custody forms, if needed, must 
include the same information as the sample container labels. 

2. After sampling has been completed at a given site, all nets, pans, etc. that have. come in contact with 
the sample should be rinsed thoroughly, examined carefully, and picked free of organisms or debris. 
Any additional organisms found should be placed into the sample containers. The equipment should 
be examined again prior to use at the next sampling site. · 

3. Replicate (1 duplicate sample) 1 0% of the sites to evaluate precision or repeatability of sampling 
technique or collection team. 
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7.3 LABORATORY PRO(;ESSING FOR MACROINVERTEBRATE 
SAMPLES 

Macro;invertebrate samples collected by either intensive method, i.e., single habitat or multihabitat, are 
best processed in the ·laboratory under controlled conditions. Aspects of laboratory processing include 
subsampling, sorting, and identification of organisms. 

All samples should be dated and 
.recorded in the "Sample Log" notebook 
or on sample log fonn (Appendix A-3, 
Form 2) upon:receipt by laboratory 
per,so:onel. All b,afopnation from the 
sample container label should be 
included on the sample log sheet. If 
more:than one container was used, the 
number of containers should be 
indicated as well. All samples should 
be sorted in a single laboratory to 
enhance quality control. 

7.3.1 Subsampling and 
Sorting 

Subsampling benthic samples is not a 
requirement, and in fact, is frowned 
upon by certain scientists. 
Courternanch (1996) provides an 
argument againstsubsampling, or to 
use a volume-based pwcedure if 

LABORATO;RY EQUIPMEN':(/SUPPLIES NE:EDED 
FO:RBENTIDC MAC:R.OlNVE:RTEB:RATE SAMPLE 

PROCESSING 

log-in sheet for samples 
stwJoCJa.rdized gridded pan (30 em x 36 em) with 
approximately30 grids (6 em x 6 em) 
500 rpicron sieve 
forceps 
white plastic or enamel pan (15 em x 23 em) for 
sorting 
specimen vials with caps or stoppers 
sample labels 
standard laboratory bench sheets for sorting and 
identification 
di9secti.r!g microscope for organism identification 
fiberoptics light source 
compound microscope with phase contrast for 
identification of mounted organisms (e.g., midges) 
70% ethanol for storage of specimens 
appr\Wri~te. tax,on()mic l,<eYS 

...... , .... _:":"- .. , .. ~,... .:., ·-··· .. . :.~ . ' 

samples a,re to be s11bsampled. Vinson and Hawkins (1996) and Barbour and Gerritsen (1996) provide 
arguments for a :fixed-count method, which is the preferred subsampling technique for RBPs .. 

Supsamp1ing reduces the effort required for the sorting and identification aspects of macroinvertebrate 
surveys and provides a more accurate estimate of time expenditure (Barbour and Gerritsen 1996). The 
RBPs use a fixed-count approach to subsampling and sorting the organisms from the sample matrix of 
detritus, sand, and mud. The following protocol is based on a 200-organism subs ample, but it could 
be used for any sub sample size (1 00, 3 00, 5 00, etc.). The subsample is sorted and preserved 
separately from the remaining sample for quality control checks. 

1. Prior to processi11g any samples in a lot (i.e., samples within a collection date, specific 
watershed, or project), complete the sample log-in sheet to verify that all sampl!'ls have arrived 
at the laboratory, and are in proper condition for processing. 

2. Thoroughly rinse sample in a 500 )lin-mesh sieve to remove preservative and fine sediment. 
Large organic material (whole leaves, twigs, algal or macrophyte mats, ~tc.) not removed in the 
field should be rinsed, visually inSpected, and discarded. If the samples have been preserved in 
alcohol, it will be necessary to soak the sample contents in water for about 15 minutes to 
hydrate the benthic organisms, wbieh will prevent them from floating on the water surface 
during sorting. If the sample was stored in more tb.an one container, fue contents of all 
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containers for a given smnple should be comb:ined at this time. Gently n:llx the sample by hand 
while rillSing to make homogeneous. 

SUBSAMPLE PROCEDURE MODIFICATIONS ; 

Subsampling procedures developed by Hilsenhoff 
(1987) and modified by Plaflcin et al. (1989) were 
used in the original RBP II and RBP III protocols. 
As a1,1 improvement to the mt;;chanics of the 
teclmique, Caton (1991) designed a sorting tray 
consisting of two parts, a l'ectangular plastic or 
plexiglass pan (36 em x 30 em) with a rectangular 
sieve insert. The sample is placed on the sieve, in 
the pan and dispersed evenly. 

"When a random grid(s) is selected, the sieve is lifted i 
to temporarily drain the water. A "cookie-cutter" ,, 
like metal fra'!lle 6 em x 6 em is used to clearly 
define the selected grid; debris overhanging the grid 
may be cut with scissors. A 6 em fl~t-scoop is used 
to remove all debris and organisms from the grid. 
The contents are then transferred to a separate · 
sort:ing pan with water for removal of 
macroinvertebrates. 

These modifications have allowed for rapid isolation ·· 
of organisms within the selected grids and easy 
removal of all organisms and debris within a grid 
while c;JlitniJ1ating investigator bias. 

3. 

4. 

After washing, spread the sam.ple 
evenly across a pan marked with grids 
approxh'J.1ately 6 c~u x 6 em. On the 
laboratory bench sheet, note the 
pres(:):nce oflarge or obviously 
abundal').t orgmJ.isros; do not remove 
them from the pan. However, Vinson 
and Ha.Wlchw (1996) p;r:esexJ.t an 
~gunwnt for including these large 
orga.nisxns in th.e cowt, becau13e of the 
high pr<;>ba:bility that tlwse organisms 
will be excluded from the targeted 
grids. 

Use a ra;ndom nmubers table to select 
4 numbers corresponding to squares 
(grids) within the gridded pan. 
Remove all material ( orgmusms and 
debris) from the four grid squares, and 
place the material into a shallow white 
pan and add a small amount of water 
to facilitate sorting. If there appear 
(through a cursory count or 
observation) to be 200 organisms± 
20% (cumulative of 4 grids), then 
subsampl:ing is complete. 

Any organism that is lying over a line separating two grids is considered to be on the grid 
containing its head. In those instances where it may not be possible to determine the location 
of the head (worms for instance), the orgmnsm is considered to be in the grid containing most 
of its body. 

7-10 

If the density of organisms is high ~nough that many more than 200 organisms are contained,in 
the 4 grids, transfer the contents of the 4 grids to a second gridded pan. Randomly select grids 
for this second level of sorting as was done for the first, sorting grids one at a time until 200 
organisms ± 20% are found. If picking through the entire next grid is likely to result in a 
subsample of greater than 240 orgmusms, then that grid may be subsampled in the same 
mmmer as before to decrease the likelihood of exceeding 240 organisms. That is, spread the 
coi1fents of the last grid into another gridded pm1. Pick grids one at a time until the desired 
number is reached. The total number of grids for each subsort:ing level should be noted on the 
laboratory bench sheet. 
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TESTJNG OF SUBS.AlV.(PLING 

Ferraro et al (1989) describe a procecipre for calculating the "power-cost efficiency" (PCB), which 
incorporates both the·number of samples and the cost (i.e. time or money) for each alternative sampling 
·scheme. With this ~alysis, the optimal subsampling size is that by which the costs of increased effort ar.e 
offset by the lowe:;t theoretical number of samples predicted :fromthe power analysis to provide reliable 
resolution (Barbour and Gerritsen 1996). 

There are 4 primary steps in assessing the PCB of a suite of alternative subsampling strategies: 

Step 1: 

Step 2: 

Step 3: 

Step 4: 

For each subsampling,strategy (i.e., 100-, 200-, 300- organism level, or other) collect samples at 
several reference and·impaj.red stations. The observed differ~nces in each of the core metrics is 
qefineO. to be tb,e magnitude of the difference desired to be detected. The difference is the "effect 
size" and is equivalent to the inve:rse ~oefficient of variation (CV). .. 
A13sess the "cpst" (ci), in time or money, of each SJ;lbs'ampling scheme i at each site. The c'ost c.an · 
include labor hours for subsampli)::tg, s()rting, id.entification, and documentation. Total cost of 
each s]l,bsampling alternative is the product of cost per site and required sample size. 
Cowiuct statistical power analyses to determine the minimum number of replicate samples (nJ 
needed to detect the effect size with an apcept;ible probability of Type I (oc; the probability that 
the null hypothesis [e.g., "sites are gooci"] is !ffie and·itis rejected. Commonly termed the 
signific@ce level.) and Type ll (~;the pro'b,ability that the null hypothesis is false and it is 
accepted) error. Typically, "' and ~ are set at 0.05. This step may be deleted for those programs 
that already have .an established number of replicate samples. 
Calculate the PCB for each sampling scheme by: 

where (n X c )min = minimum value of (n X c) among the i sampling schemes. T]:J.e PCB forml.l,la 
is eqpiv.alent to the "power efficien_cy'' ratio of the sample sizes attained by alternative tests under · 
simijar conditions (Ferraro et al. 1989) with then's multiplied by the "cost" per replicate sample. ' 
Multiplying n by c puts efficiency on a total "cost'' rather than on a sample size basis. The 
reciprocal of PCEi is the factor by which the optimal subsampling scheme is more efficient than 
alternative scheme i. When PCB is determined for multiple metrics, the overa11 optimal 
subsampling scheme may be defined as that which ranks highest in PCB for most metrics of 
interest. 

5. Save the sorted debris residue in a separate container. Add a label that includes the words 
''sorted residue" in addition to all prior sample label information and preserve in 95% ethanol. 
·Save the remaining unsorted sample debris residue in a separate container labeled "sample 
residue"; this container should include the original sample labeL Length of storage and 
archival is determined by the laboratory or benthic section supervisor. 

6. Place the sorted 200-organism (± 20%) subsample into glass vials, and preserve :in 70% 
ethanol. Label the vials inside with the sample identifier or lot number, date, stream name, 
sampling location and taxonomic group. If more than one vial is needed, each should be labeled 
separately and numbered (e.g., 1 of 2, 2 of 2). For convenience in reading the labels inside the 
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TESTING OF SUBSAMPLJNG 

Ferraro et a1. (1989) describe a procedure for calculating the "poweHost efficiency" (PCB), which 
incorporates both the number of samples and the cpst (i.e. time or money) for each altemative sampling 
scheme. With this analysis, the optima1 subsampling size is that by which the costs of increased effort are 
offset by the lowest theoretical number of samples predicted from the power analysis to provide reliable 
resolution (Barbour and Gerritsen 1996). 

There are 4 primary steps in assessing the PCB of a suite of alternative subsampling strategies: 

Step 1: For each subsampling strategy (i.e., 1.00-, 200-, 300- organism level, or other) collect samples at 
severalrefe:rence and·impaired stations. The observed differences in e~ch of the core metrics is 
C\efined to be the maguitude of the difference desired to be detected. The difference is the "effect 
size" and is equivall'lnt to the inverse coefficient of variation (CV). 

Step 2: Assess the "cost" (ct), in time or money, of each subsampling scheme i at each site. The cost can 
include labor hours for subsampling, sorting, identification, and documentation. Total cost of 
each subsampling altemative is the product of cost per site and required sample size. 

Step 3: Conduct statistical power analyses to deterr.t?,ine the rnini:r.qum number ofrepiicate samples (n1) 

needed to detect the effect size with an acceptable probability of Type I(<><; the probabjlity that 
the null hypothesis [e.g., "sites are good"] is true and it is rejected. Commonly termed the 
significance level.) and Type IT(~; the probflbility that the null hypothesis is false and it is 
accepted) error. Typically, « and ~ are set at 0.05. This step may be deleted for those programs 
that already have .an established number of replicate samples. 

Step 4: Calculate the PCE for each sampling scheme by: 

PCE. = _(l_zX_c)_mm_· 
1 

(n;Xc) 

where (n X c )min = minimum value of (n X c) among the i sampling schemes. T)le PCE formula 
is equivalent to the "power efficiency" ratio of the sample sizes attained by altemative tests under 
similar conditions (Ferraro et al. 1989) with the n' s multipli.ed by the "cost" per replicate sample. · 
Multiplying n by c puts efficiency on a total "cost'' rather than on a sample size basis. The 
reciprocal ofPCE1 is the factor by which the optimal subsampling scheme is more efficient than 
altemative scheme i. When PCE is determined for multiple metrics, the overall optimal 
subsampling scheme may be defined as that which ranks highest in PCE for most metrics of 
interest. 

5. Save the sorted debris residue in a separate container. Add a label that includes the words 
"sorted residue" in addition to all prior sample label information and preserve in 95% ethanol . 
.Save the remaining unsorted sample debris residue in a separate container labeled "sample 
residue"; this container should include the original sample label. Length of storage and 
archival is determined by the laboratory or benthic section supervisor. 

6. Place the sorted 200-organism (± 20%) subsample into glass vials, and preserve in 70% 
ethanol. Label the vials inside with the sample identifier or lot number, date, stream name, 
sampling location and taxonomic group. If more than one vial is needed, each should be labeled 
separately and numbered (e.g., 1 of2, 2 of2). For convenience in reading the labels inside the 
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vials, insert the labels left~edge first. If identification is to occur immediately after sorting, a 
petri dish or watch gla$S can be used instead of vials. 

7. Midge ( Chironomidae) larvae and pupae sJJ.ould be mounted on slides in an appropriate 
medium (e.g., Euperal, CMC-9); slides should be labeled with the site identifier, date collected, 
and the fust initial and last name of the collector. As with midges, worms (Oligochaeta) must 
also be mounted on slides and should be appropriately labeled. 

8. Fill out header information on Laboratory Bench Sheet as in field sheets (see Chapter 5). Also 
check subsample target number. Complete back of sheet for sub sampling/sorting information. 
Note number of grids picked, time expenditure, and number of organisms. If QC check was 
performed on a particular sample, person conducting QC should note findings on the back of 
the Laboratory Bench Sheet. Calculate sorting efficiency to determine whether. sorting effort 
passes or fails. 

9. Record date of sorting and slide monitoring, if applicable, on Log-In Sheet as documentation of 
progress and status of completion of sample lot. 

QUALITY CONTROL (QC) FOR SORTING 

1. Ten percent of the sorted samples in each lot should be examined by laboratory QC personnel or a 
qualified co-worker. (A lot is defined as a special st~.+dy, basin study, entire index period, or 
indjvidual sorter.) The QC worker will examine the grids chosen and tray used for sorting and will 
look for organisms missed by the sorter. Organisms found will be added to the sample vials. If the 
QC worker finds less than 10 organisms (or 10% in larger subsamples) remaining in the grids or 
sorting tray, the sample passes; if more tha:r:i 10 (or 10%) are found, the sample fails. If the first 
10% of the sample lot fails, a second 10% of the sample lot will be checked by the QC worker. 
Sorters in-training will have their.sar.n,ples 100% checked until the trainer decides that training is 
complete. ' 

2. After laboratory processing is complete for a given sample, all sieves, pans, trays, etc., that have 
come in contact with the sample will be rinsed thoroughly, examined Cl1refully, and picked free of 

·organisms or debris; organisms found will be added to the sample residue. 

7 .3.2 Identification of Macroinvertebrates 

Taxonomy can be at any level, but should be done consistently among samples. In the original RBPs, 
two levels of identification were suggested__:___ family (RBP II) and genus/species (RBP III) (Plafkin et 
al. 1989). Genus/species provides more accurate information on ecological/ environmental 
relationships and sensitivity to impairment. Fam.ily level provides a higher degree of precision among 
samples and taxonomists, requires less expertise to perform, and accelerates assessment resu:lts. In 
<:~'ther cas~e, o~y those taxonomic k~ys that have been peer-reviewed and are available to other 
taxonomists should be used. Unnamed species(i.e., species A, B, 1, or 2) may be ecologically 
informative, but may be inconsistently handled among taxonomists and will, thus, contribute to 
variability when a statewide database is being developed. 

1. Most organisms are identified to the lowest practical level (generally genus or species) by a 
qualified taxonomist using a dissecting microscope. :Midges (Diptera: Chironomidae) are 
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mounted on slides in an appropriate medium and identified using a compound microscope. 
Eaeh taxon fom1d in a sample is recorded and enumerated in a laboratory bench notebook and 
then transcribed to the laboratory bench sheet for subsequent reports. Any difficulties 
encol.mtered during identification (e.g., missing gills) are noted on these sheets. 

2. Labels wit11 specific'taxa names (and the taxonomist's initials) are added to the vials of 
specin1e11S by the taxonomist. (Note that il.J.dividual specime11S may be extracted from the 
sample to be included in a reference collection or to be Vl;lrifi.ed by a second taxonomist.) 
Slides are initialed by the identifying taxonomist. A separE~.te label may be added to slides to 
include the taxon (taxa) nmne(s) for use in a votlcher or reference collection. 

3. Record the identity a:nd.number of orgm1isms Ol'l. the Laboratory Bench Sheet (Appendix. A-3, 
Form 3). Either a tally co1.mter or "slash" marks on the bench sheet can be used to keep track 
of the cmnulative co1.u1t. Also, record the life stage of the orgmlisms, the taxono:mist's initials 
and the Tax.ono:mic Certainty Rating (TCR) .as a measure of confidence. 

4. Use the back of the bench sheet to explain certain TCR ratings or condition of organisms. 
Other comments can. be included to provide additional insights for data interpretation. If QC 
was performed, record on the back of the bench sheet. 

5. For archiving samples, specimen vials, (grouped by station and date), are placed in jars with a 
small amount of denatured 70% ethanol and tightly capped. The ethanol level in tl1ese jars 
must be examined periodically and replenished as needed, before ethanol loss from the 
specimen vials talces place. A stick-on label is placed on the outside of tl1e jar indicating 
smnple identifier, date, and preservative (denatured 70% ethanol). 

QUALITY CONTROL (QC) FOR TAXONOMY 

1. A voucher collection of all samples and subsamples should be maintained. These specimens should 
be properly labeled, preserved, and stored in the laboratory for future reference. A taxonon1ist (the 
reviewer) not responsible for the original identifications should spot check samples corresponding to 
the identifications on the bench sheet. 

2. The reference collection of each identified taxon should also be maintained and verified by a second 
taxonon1ist. The word "val." and the 151 initial and last name of the person validating the 
identification should be added to the vial label. Specimens sent out for taxonomic validations should 
be recorded in a "Taxonomy Validation Notebook" showing the label infonnatiou and the date sent 
out. Upon return of the specimens, the date received and the finding should also be recorded in the 
notebook along with the name of the person who performed the validation. 

3. Infonnation on samples completed (through the identification process) will be recorded in the 
''sample log" notebook to track the progress of each sample within the sample lot. Tracking of each 
sample wi11 be updated as each step is completed (i.e., subsampling and sorting, mounting of n1idges 
and worms, taxonomy). 

4. A library of basic taxonon1ic literature is essential :iTI aiding identification of specimens and should 
be maintained (and updated as needed) in the taxonon1ic laboratory (see attached list). Taxonon1ists 
should participate in periodic training on specific taxonon1ic groups to ensure accurate 
identifications. 
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7.4 BENTIDC METRICS 

Benthic rp_etrics have undergone evolutionary developments and are documented :in the Jnvertebrate 
Community Jndex (ICI) (DeShon 1995), R.B.Ps (Shackleford 1988, Plafkin et al. 1989,Barbour et al. 
1992, 1995, 1996b, Hayslip 1993, Smith and Voshell1997), and the benthic IBI (Kerans and Karr 
1994, Fore et al. 1996). Metrics used in these indices evaluate aspects of both elements and processes 
within the macro:invertebrate assemblage. Although these indices have. been regionally developed, they 
are typically appropriate over wide geographic areas with minor modification (Barbour et al. 1995). 

The process for testing the efficacy and calibrating the metrics is described :in Chapter 9. While the 
c.andidate metrics described he;r:e are ecologically sound, they may require tes~g on a regional basis. 
Those mepics that are most effective are those that have a response-across a rw;tge of human influence 
(Fore et al. 1996, Karr and Chu 1999). Resh and Jackson (1993) tested the ability of 20 benthic 
metrics used in 30 different assessment protocols to discriminate between :impaired and minimally 
impaired sites in California. The most effective measu:res, from their. st\idy, were the richness 
measures, 2 community indices (Margalefs :m.d Hilse!)hoff's family biotic :index), and a functional 
feedfug gro:up metric (percent scrapers). Resh and Jackson emphasized that both the measures 
(metrics) and protocols need to be calibrated for different regions of the country, 2q1d, .perhaps, for 
different imp<J.ct types (stressors). Jn a study of 28 invertebrate metrics, Kerans and Karr (1994) 
demonstrated sigtiificant patterns for 18 metrics and used 13 in their final B-IBI (Benthic Index of 
Biotic Jntegrity). Richness measures were useful as were selected trophic and dplllirtance metrics. One 
of the unique featur:es of the fish IBI presently lacking in benthic indices is the ability to incorporate 
metrics on individual condition, although measures evaluating cbironomid larvae deformities have 
recently been advocated (Lenat 1993). 

Four studies that were published from 1995 through 1997 serve as a basis for the most appropriate 
candidates for-metric~, because the metrics were tested in detail in these studies (DeShon 1995, 
Barbour et al. 1996b, Fore et al. 1996, Smith and Voshell 1997). These metrics have been evaluated 
for the abilitY to distinguish impairment and are recommended as the most likely to be useful in other 
regions of the country{Iable 7-1). Other metrics that are currently in use in various states.are listed in 
Table 7-2 and may be applicable for testing as alternatives or additions to the list in Table 
7-1. 

Taxa richness, or the number of distinct taxa, represents the diversity within a sample. Use of taxa 
richness as a key metric in a multimetric index include the ICI (DeShon 1995), the fish IBI (Karr et al. 
1986), the benthic IBI (Kerans et al. 1992, Kerans and Karr, 1994), and RBP's (Plafkin et al. 1989, 
Barbour et al. 1996b ). Taxa richness usually consists of species level identifications but can also be 
evaluated as designated groupings of taxa, often as higher taxonomic groups (i.e., genera, families, 
orders, etc.) in assessment of invertebrate assemblages. Richness measures reflect the diversity of the 
aquatic assemblage (Resh et al. 1995). The expected response to increasing perturbation is 
summarized, as an example, in Table 7-2. Increasing diversity correlates with increasing health of the 
assemblage and suggests that niche space, habitat, and food source are adequate to support survival 
and propagation of many species. Number of taxa measures the overall variety of the 
macroinvertebrate.assemblage. N oidentities of major_taxonomic groups are derived from the totaLtaxa 
metric, but the elimination of taxa from a naturally diverse system can be readily detected. Subsets of 
"total" taxa richness are also used to accentuate key indicator groupings of organisms. Diversity or 
variety of taxa within these groups are good indications of the ability of the ecosystem to support 
varied taxa. Certain indices that focus on a pair-wise site comparison are also included in this richness · 
category. 
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Table 7"1. Defiuitions of !Jest candidate !Jenthic metrics aud prediQted (lirection_,of metric response to 
increasing perturbation (compiled from DeShon 1995, Barbour et al. 1996b, Fore et al. 1996, Smith and 
Voshell1997). 

Predicted 
r!lspc:mse to 
increasing 

Category Metric Dofinition perturbation 
., 

Richness measures Total No. taxa Measuros tl1e overall variety of the D!'lorease 
macroinvertebrate assemblage . 

No. EPTtaxa Number of taxa in the insect orders Decrease 
Ephell)f')roptera (mayflies), Pllilcoptera 
(stonef).ies), and Trichopte:ra (oaddisflies) 

'""''" 

No. Ephemeroptera Taxa NJJ!l1bc;lr of mayfly taxa (usually genus or Peor!lase 
~peci~~Js level) 

" 

No. Plecoptera Taxa Number ofstonef\y taxa (usually genus of Decrease 
species level) 

No. Trichoptera Taxa Number of caddisfly taxa (usually genus Decrease 
or species level) · 

Composition %EPT Percent of the composite of mayfly, Decrease 
measures stonefly, and ~addis;tly larvae 

... 

% Ephemeroptera Percent of mayfly nymphs Decrease 

Tolerance/Intolerance No; of Intolerant Taxa Taxa richness of those organisms Decrease 
measures considered to be sensitive to perturbation 

% Tolerant Organisms Percent of macrobenthos considereg to be Increase 
tolerant of various types of perturbation 

~. 

% Dominant Taxon Measures the dpminance of the single Increase 
most abundant taxon. Can be calculated 
as dorilinant 2, 3, 4, or 5 taxa. 

Feeding measures % Filterers Percent of the macrobenthos that filter Variable 
FPOM from either the water column or 
sediment 

% Grazers and Scrapers Percent of the macrobenthos that scrape Decrease 
ot graze upon periphyton 

Habit measures Number of Clinger Taxa Number of taxa of insects Decrease 

%Clingers Percent of insects having fixed retreats or Decrease 
adaptations for attachment to surfaces in 
flowing water. 

Composition measures can be characterizedby several classes ofinfom1ation, i.e., the identity, key 
taxa, and relative -abundance. Identity is the knowledge of :individual taxa and associated ecological 
patterns and environmental requirements (Barbour et al. 1995). Key taxa (i.e., those that are of special 
:interest Gr ecologically important) provide information that is important to the condition of the targeted 
assemblage. The presence of exotic or nuis~ce species may be an important aspect of biotic 
interactions that relate to both identity and sensitivity. Measures of composition (or relative 
abundance) provide information on the make"up of the assemblage and the relative contribution of the 
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populations to the total fauna (Table 7-2). Relative, rather than absolute, abundance is used because 
the relative contribution of individuals to the total fauna (a refJ.ec;tion of interactive principles) is more 
informative than abundance data on populations without a knowledge of the interaction among taxa 
(Plaikin et al1989, Barbour et al. 1995). The premise is that a healthy and stable assemblage will be 
relatively consistent in its proportlonal representation, though individuiu abundances may vary in 
magnitude. Percentage of the dominant t$Xon is a simple measure of redundancy (Plafkin et aL 1989). 
A high level of redundancy is equated with the dominance of a pollution tolerant organism and a 
lowered diversity. Several diversity indices, which are measures of information content and 
incorporate both richness and evenness in their formulas, may function as viable metrics in some cases, 
but are usually redundant with taxa richness and % dominance (Barbour et aL 199 6b). 

Ta.ble 7-Z. Defmitions of additjonal potential benthic metrics and predicted din;ctio:p. of metric response 
bt' to increaslJJ,g :pertur a wn. 

Predicted 
respQnse to 
incre!,lsing 

.category Metric - Definition perturbation References 

Richness No. Pteronarcys The presence or absence of a long-lived stonefly Decrease Fore et .al. 
measures species genus (2-3 year life cycle) 1996 

No. Diptera.taxa Number of"true" fly taxa, which includes Decrease DeShon 1995 

' .midges 

No. Chironomidae Number of taxa of chironomid (midge) larvae Decrease Hayslip 1993, 
taxa Barbour et al. 

1996b 

Composition % Plecoptera Percent of stonefly nymphs Decrease Barbour et al. 
measures 1994 

·. 

% Trichoptera PerceJ.!.t of caddisfly larvae J)ecre.ase De;lhon 1995 

% Diptera Percent of all "true" fly larvae · Increase Barbour et al. 
1996b 

% Chironomidae Percent of midge larvae Incr.ease :Barbour et aL 
1994 

%Tribe Percent of Tanytarisinid midges to total'fauna Decrease DeShon 1995 
Tanytarsini 

% Other Diptera Composite of those organisms generally Increase DeShon 1995 
and noninsects considered to be tolerant to a wide range of 

environmental conditions 

% Corbicula Percent of asiatic clam in the benthic Increase Kerans and 
assemblage Karr 1994 

% Oligochaeta Percent of aquatic worms Variable Keran.s and 
Karr 1994 • 

T~lerance/ No. Intol. Snail an.d Number of species of molluscs generally thought Decrease Kerans and 
Intolerance Mussel species to be pollution intolerant Karr 1994 
measures 

%Sediment Percent of in;faunal macrobenthos tolerant of Increase Fore et al. 
Tolerant organisms perturbation 1996 
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Table 7~2. DefinWons of addltio.na~ potential benthic metrics and predicted direction of metric response 
to incrcasto,g perturbation (continu.c!l). 

·-

Predicted 
r~sponse to 
inct'ellsing 

Category Metric Defil)ition pcrtut•bation References 

Hilsenhoff Biotic Uses tolerance va!u~;Js to weight abundance in an Increase Barbour et al. 
Index estimate of overall p0lluiio:p. Originally 1992, Hayslip 

designed to evaluate orga11ic pollution 1993, Kerans 
andKarr 
1994 

Tolerance/ Florida Index Weighted sum of intolerant taxa, which are Decrease Barbour et al. 
lnto1enmce cl11s~ed as 1 (least tolerant) or 2 (intoler.ant). 1996b 
mllasures Florida Index"' 2 X Class 1 taxa+ 91ass 2 taxa 
(continued) 

% Hydropsychidae Relative abundance of pollution tolerant Increase Barbour et al. 
to Trichopteta qaddisflies (metric could also be regarded as a 1992, Hayslip 

composition measure) 1993 

Feeding % Omnivores and Percent of generalists in feeding strategies Increase K;erans and 
measures Scavengers 1\.arr 1994 

'. ,. 

% Ind. Gatherers Percent of collector feeders of CPOM and Variable Kerans and 
and Filterers FPOM Karr 1994 

.. 

%Gatherers Percent of the macrobenthos that "gather" Variable Barbour et al. 
1996b 

%Predators Percent ofthe predator functional feeding group. Variable Ker.ans and 
Can be made restrictive to exclude omnivores Karr 1994 . 

%Shredders Percent of the macrobenthos that "shreds" leaf Decrease Barbour et al. 
litter 1992, Hayslip 

1993 

Life cycle % Multivoltine Percent of organisms having short (several per Increase Barbour et al. 
. measures year) life cycle 1994 

% Univoltine Perc.ent of organisms relatively long-lived (life Decrease Barbour et al. 
cycles of 1 or more years) 1994 

Tolerance/Intolerance measures are intended to be representative of relative sensitivity to 
perturbation and may include numbers of pollution tolerant and intolerant taxa or percent composition 
(Barbour et al. 1995). Tolerance is generally non-specific to the type of stressor. However, some 
metrics such as the HilsenhoffBiotic Index (HBI) (Hilsenhoff 1987, 1988) are oriented toward 
detection of organic pollution; the Biotic Condition Index (Winget and Mangum 1979) is useful for 
evaluatiJ.J.g sedimentation. The Florida Index (Ross and Jones 1979) is a weighted sum of intolerant 
taxa (insects and crustaceans) found at a site (Beck .1965) and functions sinillarly to the HBI 
(Bilsenb.G:ff 19 87) used in Gther parts of the country. The tolerance/intGlerance measures can be 
independent of taxonomy or can be specifically tailored to taxa that are associated with pollution 
tolerances. For example, both the percent of Hydropsychidae to total Trichoptera and percent Baetidae 
to total Ephemeroptera are estimates of evenness within these insect orders that generally are ' 
considered to be sensitive to pollution. AB these families (i.e., Hydropsychidae and Baetidae) increase 
in relative abundance, effects ofpollution (usually organic) also increase. Density (number of 
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individuals per some unit of area) is a universal measure used in all kinds of biological studies. 
Density can be classified with the trophic me.asures because it is an element of production; h,owever, it 
is difficult to interpret because it requires careful quantification.and is not monotonic in its response 
(i.e., density can either decrease or increase in response to pollution) and is usually linked to tolerance 
measures. 

Feeding measures or trophic dynamic~> encompass functional feeding groups and provide infonnation 
on the balance of feeding strategies (food acquisition and morphology) in the benthic assemblage. 
Exar:JJ,ples involve the feeding orientation of scrapers, sbredciers, gathe:rers, fJ.lterers, and predators. 
Trophic dynfl.Ulics (food types) are also i:n.cluded here and include the relative abwda.J;J,ce of herbivores, 
carnivores, on).I)ivorei), and detritivores. Wi:thoutrelatively st§.ble foo<;l dynamics, an imbalance in 
functional feedmg groups will result, reflecting stressed conditions. Trophic metrics are surrogates of 
complex pro.cesses such as trophic interaction, production, and food source availability (K:arr et al. 
1986, Cu:n:uniiJ,s et al. 1989, :Plafkin et al. 1989), Specialized feeders, such as ~crapers, piercers, and 
shredders, are the more sensitive organisms and are thought to be well represented in healthy streams. 
Generalists, such as collectors and fJ.lterers, have a broader range of acceptable food materials than 
specialists (Curomins.and Klug 1979), and thus are niore tolerant to pollution that might alter 
availability of certain food. However, filter feeders are also thought to be sensitive in low-gradient 
streams (Wallace et al. 1977). The usefulness of functional feeding measures for benthic 
macroinvertebrates has not been well demonstrq.ted. Difficulties with the proper assigprnent to. 
functional feeding groups has contributed to -the inability to consider these reliable metrics (Karr and 
Chu 1997). 

:Habit :measures are those that denote the mode of existence among the benthic macroinvertebrates. 
Morphological adaptation among the macroinvertebrate distinguishes the various mechanisms for 
maintaining position and moving about in the aquatic environp.1ent (Merritt et al. 1996). Habit 
categories include movement and positioning mechanisms such as skaters, planktonic, divers, 
swimmers, clingers, .sprawlers, climbers, burrowers. Merritt et al. (1996) provide an overview of the 
habit of aquatic insects, which. are theprimary organisms used in these measures. Habit measures have 
been found to .. be mo:re.robust.than functionaLfeeding groups in some instances (Fore et al. 1996). / 

7.5 BIOLOGICAL 
RECONNAISSAN 
CE (BioRecon} OR 
PROBLEM 
IDENTIFICATION 
SURVEY 

The use of biological survey 
tecbniques can serve as a 
screening tool for problem 
identification and/or prioritiZing 
site_s _ fgr :furt];).er ~s§.~S_SPJ.Cl:P.t, 
monitoring, or protection. The 

. application ofbiological surveys 
in site reconnaissance is futended 
to be expedient, and, as such, 
requires an experienced and well
trained biologist Expediency in 
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FIELD EQUIPM:ENT/SUPPLIES NEEDED FOR BENTHIC 
MACROINVERTEBRATE SAMPLING 

-'-:SIORECON 

standard D-frame dip net, 500 f-l opening mesh, 0.3 meter 
width(- 1.0 ft frame width) 
sieve bucket, with 500 fh opening mesh 
95% ethanol 
sample containers 
sample container labels 
forceps 
field data sheets', pencils, clipboard 
first aid kit 
waders (chest-high or hip boots), rubber gloves (arm-length) 
camera 
Global Positioning System (GPS) Unit 

• It is helpful to copy :fieldsheets onto water-resistant paper for use 
in wet weather conditions 
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this teolurique is to lWJimize tilne spent in the laboratory and with analysis. The ''tum~around" time 
frp~n fue biost]J.'.Vey to an intel.'pt'~tatiqn of :fu:J.di:t1gs is intended to be relatively short. The BioRecon is 
use:ftil in disorb.ninati.ng obv,io:usly impaired aud 'l.Wn~in'l.paired areas from potentially affected areas 
.requiring further investigation. Use ofthe BioRecon allows rapid soree1ring of a large n1.m1ber of sites. 
Areas identified for further study ow.1 ·Chen either be ~:Jvaluated using m.ore rigorous bioassessment 
m.ethods for bemthic lnacroinvertebrates and/or other assemblage~, or ambient toxicity methods. 

Because tl'l.e BioRec:Jon involves linrited data gel'l.eration, its effectiveness depends largely on tl1e 
e:x;peJ.i.enoe of the professio~u.al biologist performing the assessmi,'Jnt. The profe$sional biologist should 
have assess:tne1lt expel!ienoe, a knoWledge of aquatic,ecology, and basic expertise in bentlric 
n1acroinvertebrate taxonomy. · 

TI1e BioR.econ presented here is refined and standardized from the origh1al RBP I (Plafkil1 et·al. 1989), 
m1d is based on the teclurique developed by Florida DEP (1996), from wlrioh the approach derives its 
nmne. This biosurvey approach is based o~'l. a multihabitat appl,'oach sinrilar to the more rigorous 
teclmique discussed in Section 7.2. The most productive habitats, i.e., thos~ that pont~;tin the greatest 
div~:rsity and a'(Dundance of macroinvertebrates, ar~ sampled in'the BioReeon. As a g~n~ral rule, 
impairment· is judged by ricbness measures, thereby emphasiz)llg fue pre:stjlnce or absence of indicator 
taxa.. Biological ~ttributes such as the relative abundance of certain taxa may be less useful than 
ric@ess.measures in the BioR,econ approach, because san1ples are J.Drocessed more quickly and in a less 
standardized manner. 

7 .5.1 Sampling, Processing, and Analysis Procedures 

1. A 1 00 m reach representative of the char;:t.cteristics of the stream sho:uld be selected. For the 
BioRecon, it is unlikely that the alternative reach designation approach (i.e., x times the stream 
width), will improve the resolution beyond a standard 100m rea.ch. Whenever possible, the 
area should be at le:ast 100 meters upstream from any road or bridge crossing to minimize its 
effect on strt:Jam ve:locity, depth and overall habitat quality. There should be no major 
tributaries discharging to the stream in the study area. 

2. Before sampling, complete the "Physical Characterization/Water Quality Field Data Sheet" 
(Appendix A· 1, ·Form 1) to document site description, weather co11ditions, and land use. After 
sampling, review this information for accuracy and completeness. 

3. The major habitat types (see 7.2.1 for habitat descriptions) represented in the reach are to be 
sampled for macroinvertebrate:s. A total of 4 jabs or kicks will be taken over the length of the 
reach. A minimum of 1 jab (or kick) is to be talcen in each habitat. More than 1 jab,may be 
desired in those habitats that are predominant. Habitat types contributing less than five 
percent of the stable habitat in the stream reach should not be sampled. Thus, allocate the 
remaining jabs proportionately among the predominant substrates. The number of jabs taken 
in each habitat type should be recorded on the field data sheet. 

4. Sampling begins -at the downstream end of-the -reach and proceeds upstream .. A total offour 
jabs or kicks will be taken over the length of the reach; a single jab consists of forcefully 
thrusting the net into a productive habitat for a linear distance of 0.5 m. A ktck is a stationary 
sampling accomplished by positioning the net and disturbing the substrate for a distance of 0.5 
m upstream of the net. 
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5. The jabs or kicks collected from the mulfipl~ habitats will be composited into_a sieve bucket to 
obtain a single homogeneous Sl'l1Jlple. ·If clogging occws, Qiscard the mat~rial in the net ~d 
redo that portion of the sample in the same habitat type but in a different location. Remove 
large debris after rinsing and inspectingit.fo:rwganisms;place any.organisrns found into the 
sieve bucket. · · · · · · · · 

6. Return to the bank with the sampled material for sorting and organism identifications. 
Alternatively, the material can be preserved·in alcohol and returned to the laboratory for 
processing (see Step 7 in Section 7.1.1 for instructions). 

7. Transfer the sample from the sieve bucket (or sample jar, if in laqoratory) to a white enamel or 
plastic pan. A second, smaller, white pail may be used for the actual sorting. Place small 
aiiquots of the detrit\ls Pllfs orgiJ.!lisms in :tl1e small,er pan diluted with a minimal ammmt of site 
water (or tap water). Scan the detcit:us andw::1terfor organisms. '\Vhen an organism is found, 
examine it with a bard lens, deternrine. its identity to .the lowest possible level (usually family or 
genus), and record it on thePreliminary Assessment Score Sheet (PASS) (Appendix A-3, 
F.on:n 4) in the column labeled "tally." Place representatives of·each taxon in a vial, properly 
labeled and containing alcohol. 

QUALITY CONTROL (QC) 

__ ---· .J~ ...§amJ?.l.eJE:l:tel!lJP.uJ>l\:>e~R~.P,erlY~"-Qmpl~t~sJ,,,.iP,Ql.!l<:D;ggJh~sampleidenti:fication code date, stream 
name, sampling locatiGm, and collector'·s name a):ld placed into the sample container. The outside of 
the container should be labeled with the same information. Chain-of-custody forms, ifneeded, must · 
include the same information as the sample container labels. 

2. After sampl:il:).g has been completed at.a given site, all nets, pans, etc. that have come in contact with 
thes~mple will be rinsed thoroughly, e:xaniined carefully, and picked free of organisms or debris. 
An,y aA4ftional organisms f(JlJJld s}:\ould 1Je..,.plac~d ]nto the sampl~ containers. The equipment should 

. be examined again prior to use at the next sampling site. . . . . . . . .. 

3. A second biologist familiar with the recognition and taxonomy of the organisms should check the / 
sample to ensure all taxa are-encountered arid· documented. · · 

8. If field identifications are conducted, verify in the lab and make appropriate changes for 
misidentifications. 

9. Analysis is done by determining the value of each metric and comparing to a predetermined 
value for the associated stream class. These value thresholds should be sufficiently 
conservative so that "good" conditions or non-impairment is verified. Sites with metric values 
below the threshold(s) are considered "suspect" of impairment and may warrant further 
inve~tiga~on. _The~e simple ~alc~ati_ons c~ be -done dir~ctly Q.:Q :fue _}:lASS p_h~~t. 

7.6 TAXONOMIC REFERENCES FOR MACROINVERTEBRATES 
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M;owtor:iiJ.g of the fish assemblage is"an :integral com,ponent of m~y water quaJity management 
programs, and its importance is ref1eci;ed jp the ~quatic l~fe u;;.e~supp.o.rt .designations .o.f many .smtes. 
Narratiye expressions suchas·''m~dnt~iningcoldyr~ter :fis):lepys", ".fis}labll{''·or ''fish propagation" are 
P1-Ic:vi:ilil1t irJ: s~te .·standard~. Asse~$roe).1,ts ~9f the ii,~b, gss~mblage must ·measin:e the overall stl1lcture 
ap.(ifu±iGtio)J. of fu~ .icJit;hyofa®aJ · copJi:nlUJity to a4eg\tiit't~ly eyfi'lUate biologica,l· integrity <md protect 
surffl:Ge w~ter resoprce quality. Fishbii?l'tssessmelJ.t d~ta qu~Jit.Y,.aud c;omparability are assured tbro1+gh 
thf utilization Of qualified flSheries prOf~ssio:rials 1j11G CeibSist~rtt m~th9ds: . 

The Rapid ~ioass~Bs1p.ent Protocol (R:I3!P) f<Dr fish.:presentecl in t,l:p:s document, is. directly comparable to 
RBf> Vm.(BJa.fl<:ip. et ·aL (1989J .. Tb.e p@c;~pal eVflllJ-,ation m~.dl:iil:riismutihzes the tecbnjcalframework 
of,tp,e Jrtde,)(oi?.iptic Jntegrity (IBD _.c:_ w::Eisl:l .a~~~bl~g~ ass:e.s~n;lerlf~BP!,8~cP. deve,loped by Karr 

. . (19~Sil). The ~I uico:r'pc)raJ~$ :t11e.'!?Oq'g~ogfaphic, e6os;5[stem; CQ~®ity 2lfrd."':riop:Uhttion asp·ects of the 

:t~~f~::~J::~t-rie;t:!f~~~At~!Eli:t:Lan· 
!X).l+ltim~#ic: D}dex .:Var:riework forr~pi~ 'f;iqas,;;¢ssl11~ht m i;l#s.flop1:lltlent. 4 more d~ta,iled desqription of 

·- ··this-~pproachforiish-iscpres¢;ilted-±n··fs:arr~'et-aJ:-(f~&6J·'ftrrd Ghto"'EP1t'('"19~W);- :Region:il "nwrdl$-cation 
and ,a,pplica,tions are d.es¢ribe¢·inLeP!l,aid and Qrth (1989), Moyle et al. (1986), Hughes and Gammon 
(r987), Wft~e ~d Stalcup (1987), Miller et aL (1988), Steepm,l3;ll (198_B), Simon (1991), Lyons 
(1992a), Simon and Lyons (1995), Lyons et al. (1996), and Simon (1999). 

The :R]?P for fish involyes careful, sti:)J),daJ:di:z;ed field coUection, &pecies idel'ltific:ation and enU,JTieration, 
l3;lld $$:1y§es 1+sm,g a,ggr.e_ga,t¢4. [Ji()hl~~il~ftDbl+tes or q~t~\:;at16i16{tb.e:JimnBer~ (and in. some cases 
biomass, see Section '8.3\ Metric l3) ofkey species. The role of eX,perieuced fisheries scientists in 
the adaptation and applicatiou ofthe ~p and'tbe taxonomic identification of.fisbes cannot be 
overe~wJ?.asized. The. fish RBP §UrveY yields an o1Jjective discrete w~a$ure of f11e conditio11 of the tish 
assemblage. Aithough thdish survey can usnaily be completed m the li,eidby qualiliecf:fis4 biologists, 
difficult species identifications will require laboratory confirmation. Data provided by the fish RBP 
can.serve to assess use attainment, develop biological criteria, prioritize sites for further evaluation, 
provide a reproducible impact assessment, and evaluate status and trends of the fish assemblage. 

Fish collection procedures must focus on a multihabitat approach - sampling habitats in relative 
proportion to their local repre~entation (as determined during site reconnaissance). Each sample reach 
should contain riffle, run and pool habitat, when available. Whenever possible, the reach should be 
sampled sufficiently upstream of any bridge ·or road crossing to millimize the hydrological effects on 
overall habitat quality. Wa:deability and accessabil±ty may u}timately gov.em the exact placement of the 
sample reach. A habitat assessment is performed and physical/chemical parameters measured 
concurrently with fish sampling to document and characterize available habitat specifics within the 
sample reach (see Chapter 5: Habitat Assessment and Physicochemical Characterization). 
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8.1 

All :fish s~'l;til~lg$.flo/ types axe g~n~f~n\Y ?~~~f~,~r~? selt;Jotri~e tp sonw 9ew;ee; h~'Yever, ~lec1:l.'o:fishing 
haa.;lil~'PYel'J. t9 ~eJ1~e p1ost oon1J;H:ehe~~~w~ ·m.tdeyff~et.1:ve stn.g1(3 :n\etl;tod:lfor collectmg stream ;fisheE;, 
Pulsed DC (di:r.e~t cu~'l'ellt) elec)tJJdsl')3.~1~is thEl m~thod o;f ohoic.e to obt~in a rep:res.Ell'l.tati've.sm+wle of 
the :fi.sh a.s~l:lJ..n~l~ge ·~t eaQh s~n1:Plb:1j5 .st~ti9p.. HO}V\We~·, eleot1·o:G.shi:ng it1 Jmy fo:r:u1 has b~eJ~ 1?mn1ed 
ft·oJ;n certain s~b,11o~l:i.d spavn:li~g.st:rea1?,'ls·JP the :n,prt:h.west. A::; wiilh a\+Y fish sm11plit+g met~1.od, the 
proper sciEll1ti!fii,G' c:i'9lle¢ti!iil~ pe:r;nut(s) ~'l.'lJlSt be G>bt~hi.~Q. befor(O) cm?.une:r.i.c.ei1:1.ent 'ofm.1y elect1'~:S.s1Jing 
a.ctivlti~§, , 'JRJ.~.'f~P\P:at~ :lc;1.<?1J:1iP,ca.tkm ofe~9li :fi~h cpl~t;J¢t¢d;il'? t?~s.,e!~t~al, ~m.d sp~?ci.es.,levt:Jl.idj;m,tW.catioll 
js .re~,ru#;~\\l.(i'!!Wtnt14}~)1Ybritls it1 ~.Pm\'l. oit~~s, $.~.!? ,$.~9~~9h .:8,3·.;~, ¥~1WJ.c '11 ). Fleld id~?~ttifio~tiops are 
aQc!;l:J?.tablG.; lt9;w;i:!v~~' VQTI(}lw;r SJ?e~.int~~1~J;1J.1;'Jst be.:~J~t~hi~4 ~o~Jgpoliatpzy veti£cmtiP~1~ p.miJo1ilarly if 
tliev~ iit~y .q'[dhpt f,ibol,lt the OO~'l;'~qtio~iiHty oftl'l.e ,$pe~h~~1 {$6~? Sc;~l;JHob. 8.2). Be pause tb.e o611ection 
mt?.fuoq~ .l;l$.~~:alr~ J.tgt, .ooMistei:i.4y ~ff,~qt!¥i. for Y9W:i£A~£~th6;,y.~ar fish ~1-d. b~oa.l1.s@ th('{ir mcll.f~ion may 
sea$.oJ:1~1iy 6keviMoass<:Js.sriient res~1its, 'fish ~ess ih&i ·20 millimeters tot~llenl?;th wih not be identified or 
h1oluded in st~d~rd samplt;Js. 

.,.,..,.; 

4llfield t¢t{t!J m¢m:bers 171U§t be.train~fl:.·in ?l?ctrrpftshf1¥>Scif?ty prec_autions and unit op~rqtion .~ 
procedures tflrq7Jtijj/~ by :he eleotr9fis.hil:;gunit 11f:qnuf.a,~turer. Each ·t.e.am member P.i!l.J.St 'Pe insulated from 
the water an~ We electrodes; tb:etefore,· ¢lie~t·W'!~er~ atfd'tubber g1oves are require~. 'Elet;Jtrode and dip . 
net h!ll)c;!ll:}~ m\tst b¢ co:nsi:t'\lcte:d ofiMU.l~np.g':gl~teri~1s .(e.g., W00ds, flpeJ.'gJ&~s). $1<rptr9fishers/electrodes 

· 'niusfjj~ '~-GJ,l,Wppey.§l\viih func'tionaisa:f~cy·$\l;iit~h~~ -c~s U,i~tall¥d·by-vifttiai:If~n t:;leotr6fiWer · · · · · ,_ , -- "' 
manufacmie~s). Field team members mJI$t nbt re(i.ch intp.the water unless the electrodes 'l;lave been 
removed :from t'he'water or the ele9trofisher has been disengaged. 

It is recorrp:n~n4~4 that at least 2 fish collectioi,J, ~©.~m m~J!l.:l,bers be ce~fied in CPR ( cf;l.tdiq:pulino:nary 
T.esuscita;~QTh); J'i[tJIJY options exist f,q:r electr~::O.slj'¢r.con£igiltf1tion and neld team orgf!lJ.ization; however, . ' 
· proce4ui~s. W.{,ll a,lvyay~;~ involve t!$;Is¢d E>G ¢tectrQt'i.sblng ·~tr~l a,:o:rl:ni:nlum 2~person teaJ;rr f~:fr S\lmpling ~ 
streams' and wadeable· rivers. Examples include: 

Bac1<:pa(lk electrofisher with 2 hand· held electrodes mounted on fioerglass poles, one positive (anode) 
anQ. .op.~.~~g,a:ti)T~ ( cathbde ): ()g.c: c~ew J1!.e.m~er, igentifie<i ast)le file()tro:f'i.§he.r u11it qpel'aJgr, pa:rri7s ; 
the l:?aolcpaolc umt and man1pulates both the anode and cathodepoles. The anode may be fitted w1th a 
net l').J.}g (and shallow net) to allow the unit operator to net specimens. The remaining 1 or 2 team 
members net fish with dip nets and are responsible for specimen transport and care in buckets or 
livewells. 

Backpack electrofisher with 1 hand-held anode pole and a trailing or floating cathode. The 
electrofieyher unit operator manipulates the anode with one hand, and has a second hand free for use 
of a dip net. The re;maining 1 or 2 team members .also aid in the netting of specimens, and in 
addition a.re responsible for specimen transp01t in buckets or Jivewells. 

Tote 'bar,ge ,(pramunit) electrofisher with 2 hand" held afibde poles and a, trailing/floating cathode 
(recommended for lar,ge streams and wadeable rivers). Two team members are each equipped with 
an anode pole and a dip net. Each is responsible for electrofishing and the netting of specimens. The 
remaining team member will follow, pusb:ing or pulling the barge tln:ough the. saru.ple reach. A 
livewell is maintained within the barge and/or within the sampling reach but outside the area of 
electric current. 
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·TJ1~ ~afety of aJl perSQI1IJ.elf!i1.1\i th,~ .t).Uillity of the-4ata is asswed tbrpugh the adequate ep\l~a,tip:p,, 
ii~g, ~d- eJWerienge .of~ll ip.e~~~rs of-the fish;c;;oll©ctiop.'team .. AtleastJ biologi~t with j:rab.Jip.g 
~~-exp~rience i.p elecvofi~~gt6c11Wque~ 21tid As~ t~o~omy musi be ip,volved in each-s~pllUg (!Vent. 
Lab6.:~~tory -apa~yses a,re .co:nd~c;~ed_·i¢Cl!or sl1perv{sed by a :fisheries pro'fessio);la1 trailled in fish .·. 
taxop.qliJ,y. Quality.ass1lrance:anc[_quality.ccintrol m1lst be a continuous process in fisl1eries monitoring 
and-ass~ss;r.p..ent, and must mtlude ~11 program aspects (i.e., field sampling, habitat measurement, 
labor~tozy processwg,.a)ld data recorciing). ·· · · · 

8.1.1 Fi¢lcl SJlWPling 
Procedures 

1. A representative 
streain:reach {see 
Alternatives for 
Stream Reach 
Designation, next 
page) is selected.and 
measured such that 
primary physical 
habitat characteristics 
of the stream are 
included withip. the .... 
reach (e.g., riffle, run 
and pool habitats, 
when available). The 
sample reach should 
be located away from 
the ID±luences of major 
tributaries and 

3,-.RJt.ro;prilJ.te.scienti:fic co11ectiou.:Perrni~($.) 
bacJwa6k or tote barge-mounted electr0flsher 

• dipnets · · 
qlp;p~:p.c:ts.6,e:, sej.nes) 
el"Q:Ow."leiigth insulat~d waterproofglqves 
ch~s't wa.~e.r~ (eg~ipped With wading cleats, when necessary) 
pol~l:i~ed si.irt~ta~ses . . .. . 
blJ:cket~fliv~wells 
jars for voucher/reference. specimens 
waterpr~Mjat-Jab.els 
10% buffered formalin (formaldehyde solution) 
measuring hoard ( 500 .mm minimum, with 1 mm increments)" 
bala,nce (gram .. scale)b 
tape measure (1 00 m minimum) 
fish Sampling Field Data Sheetc 
applicable topographic maps 
copies of :field protocols 
pencils, clipboard 
:first aid kit 
Global Positipning System (GPS) Unit 

• Needed oi:ily if program/ study requires length frequency 
information 

b Needed only if total biomass and! or the Index of Well-Being are 
included in the assessment process (see Section 8.3 .3, Metric 13). 

c It is helpful to copy fi.eldsheets onto water-resistant pap.er. for use in 
wet weather conditions. 
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2. 

b~idg©l.1!ma~ Q1lO.I:\S.;\1;J.gs (~.g., 
· syE~o16.n#:Y liw¢t!li~~' t!i? deqtea$e 
:lli6'iii~#6~s ·o~i:·Cl.Y.~h~i1 :li~J:lit~t 
t;p.l~BtY:). ·TlJ;C;J ~i~ct loQ~~bl (i.e .. , 
·mtittci~~{~~~ long}t1i1@¢) 0f ~1e 
cl!;rivl'l,~t).·~atllli+nit ofthe·l'e&(.}h 
n1~~t ~.!;) :rC;Jooroecl on eaoh :tield 
d~ta:~IJ,e~t. (If a Global 
Positi~~m\lg ~X*~'llll.~'rit is used to 
p~·ovide ibc~t{o1i'i1.tfor.q1~tiqn, the 
acqut~cy. or desig1,1. cq~in4e~we of 
the ;q:Qit s1lortld be ~'l.ot@l!l.) A 
ha~itat a~$~11sm~~.,~ ~?:~Pf!P"~~call 
61. ·. ···ca1C1.'ar C'e'"af: ,:,::11 ·e· :x~m.1 .. ,. ~J.. ~. t iiJ.!?i .JGP. PJ. watl 
qti,ality sl'iQ@l be pc:J:i.\f~:t!n1~d 
witb.iifth~ ·s~i:rAr $•Pli'n:g·reach 
(set) ¢!i:~p}~r 5;: :w:::roitat · 
.A;s~~ss'ii:l.~ht;:uid Physicochemical 
Ohai:#te¥1\!:#ion). 

Colle¢~ion v~a electrof!.shiP.g · 
be.gj:n;s at a ·snallow riffle, or other 
:Ph¥~\~~lb::lJ'ri~r at tlJe 
d9~1$);r¢~li\p.it ofthe SWJ.1)!lle. 
rea9h, ~~4 texrp.in?:tes at a similar 
batri~taf the upstream end of the 
reach. In the ap$(flice ofphysical 
b~~rs, ']Rleck nets shoi:J,Id 'l!!e st;Jt 
~t t,1i~ 1JJ;J,$tref.lm aJ:id d9\VJ.1.s,trewn 
ep,p$ ofi;b,@ reach prior to tl1e 
i.J.#nation of any sampling 
activities. 

17h~ oqlJ~otion .of a. rt;JP,resentative sample;) of th~ fish 
· ~s.~~mbla~;?;~ is q~~eh#~tl,,aud th!:: apprPln1at<;l s~mpling 
sta~ipn length fm· obtahiing that sampk is best 
df)tOl'mhJ.!:ld by comluctiug pilot studis:s (Lyons 1992b, 
Simonso1~.et a1. 199A1 Sig1o~1son and Lyons 1995). 
,1\:ltelimltives for the design!l-iion of s(-ream ·sampling 
r~aoltes inolud.e: 

; 

F~x.ed~distan~e design,at(on~ standardlengtl1 of 
st1·~ain, e,g., a 150::ZOQ,wet@Xi.'e~ch (Ohio EPA . ·: 
1987,), 100~')11~terreach (.l\'ll:~$Sa911us<J1;t$ :Q~P 1995) '' 
mey.y pe ti~e4:t0.¢:Pta:i't1·~ repte§ent.a:#:ve ~amp1~. ' 
¢oucbpt4~rt:i;~tJiifapprqaoh iihou.14,proyjge a 
mi'>i:ii:lre:of~~1:>1t~ts1n.ype l'e.~ob.·f!:n<;lprovi4e, at a 
lll,i'ni~i+.m,.·Cl]:ip~i¢ate physical,an:<i s:!:t'Llctural 
eleltie;11ts ~11cli•as )it;fle/t:l'ool ~equencr::s. 

. ;~ 

E·ropol1~iqp~l".dista:n¢e Qell~gna~i~:n~ A standard 
nn#\bet dHtr'~~rii cnannel '~widths1 ' may be used to 
m¢ii:s1lreth~;stt~'\~}ltu:4y r9)ach~ ~:~., 40 ti:mes th~ 
st)l~~h,l width is de-p;:ned by Ehvir6nmenta1 
Mqp1~oring;~ A~~essJi:!ent Brogt;~m (f;MAP) for 
sa.n#'ling,~l'~tn.n'k~nd.<fua?:QrcMk 19.9.5), This - . . . 
apf:i~~!_l.cii ~nows yarjation jn the len~h of the reach ,; 
based o~~ the size ofthe strea:m. Application of the ' 
p:roporti,onal-dis~p.ce app:roaoh in lar.ge strt:::ams or 
W.~~~abte rivet~ tb;ty-reqitite·.the. e~t~plisbrncitt cif 
Sfl;W:P')Jlig _pro~a~ tim~ ~ndl.or q,i:stan\le :P;la;J;:ima , 
(~n~.; -nd moie-tb:~h 31iottts of el~otf~fisbing or 500- .. 
-m~te:rreach per sampling site; .. [Klemm et al. · 
1993]). 

. ... ,,. -.----

3. Fish collection procedures 
commence at the -downstream barrier. A m.Urimwn 2-person fisheries crew proceeds to 
electro:fish in an upstream direction using a side-to-side or bank:~ to-bank sweeping technique to 
maxinuze area covera,ge. All wadeable habitats within the reach are san1pled via a single pass, 
which terminates at the upstream barri'er. Fish are held inlivewells (or buckets) for subsequent 
identification and enumeration. 

4. Sampling efficiency is dependent, at least in part, on water clarity ~md the field tea.r;n's ability 
to see and net the stunned fish. Therefore, each team member should wear polarized 
sunglasses, and s~mpling is co~:tducted only during periods of optimal water clarity and flow. 

5. 

8-4 

All :fish (greater than 20 rrrillitneters total length) collected within the sample reach must be 
identi:ffi.ed to species (or subspecies). Specimens that cmmot be identified with certainty in the 
field are preserved in a 10% formalin solution and stored in labeled jars for subsequent 
laboratory id~ntification (:oee Section 8.2). A representative voucher collectionm1lst b~ 
retained for ucidentified specimens, very small specimens, new locality records, and/or a 
particular region. In addition to the unidentified specimen jar, a voucher collection of a 
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6. 

su1;Jsample of eac;;h sped~s .i¢e:qti:qed in th,e :field should be prese_rved and labeled for sul:)~equent 
labora,t~ry ver;iJi:c;ation, jfne;¢e,ss?TY. Qbvim:~sly, species .of special concern (erg., t1Jrel:J:I:ened, 
en8a!lgered) sb.ould"be note~t~a released tmmedtately on sife. Labels ~hpwd · conta,in (a,t a 
:o.1Jillml,lnJ,) Joca;tion data (verbal 
description l:lnd coordinates), date, 
. collectors' names, l:lnd sample 
identification code ar,td/ or station 
numbers for the particul~ 
sampling site. Young~oHhe-year 
:fish less than 20 .P1,illil}le'ters. (total 
ld~gth) are not iden,fifie~ or 
:in.cluded .in the . .San:i,ple, a:p,d are 
rek<).s~_d'on.site. Specim~ns that 
cat), be ·i~entrfre:d ill the !fi:6J,q:·;e 
counted, examinep for. external 
ar,toPl;alies (i.e., d~f0!n:J#ies, .er.oded 
f¢s, lesions, andtt.in1brs); .~d 
recorded on field data sh,eets. An 
eiamp1e oti~'~isl1s~pring Field 
Dati $he:et" is provided: 1n 
Appendlx. A-4,Form L Space is 
ay~i:l:~ble for qption,aldish l~pgth 
and, ~eight n:reasureri:re!lts, ~sh.ould a· 

.. :Pait{~~rru:-programi~tiiay reqi.iire 
leilith Jreqp.ency 0r l)iotria.ss data. 
Hc;:,w:ever, these data are not 
re,quired for the. stand;rrd 
mttlti:pletric asse}stpe)}t. Space is 
a1lottedion the fiem data sheets for 
th~ 6pttondl in~il1sf0~ of ·. . 
measurements (nearest millimeter 
total length) and weights (nearest 
grap1) .for a .~uqsampJe ·(to a 
maximum 25 spec:iinens) of e!j_ch 
species. Although fish length and 
weight measurements are optional, 
recording a range. of lengths for 
species encountered may be a
useful routine measure. Following 
the data recorc:ling phase of the 
procedure, specimens that have 
been identified and processed in the 
field are released on site to 
:n:rininrize mortality. 

The data collection phase includes 
the completion of the top portion of 
the "Fish S?mpling Field Data 
Sheet" (AppendixA-4, Fonn 1), 

QUALITY CONTROL (QC) IN THE FIELD 

1. Quality control must be a continuous process in 
fish b{oassessment and should include all pr9gram 
aspects, fro:m .field ooll~ction and :!?reservation to 
Mbitat assessment, sample processing, and data 
rec:;oiding. ·Fieldvp.}idai:io):l sh~uld b~ conduc;ed at 
sel~ctedsitesfmd wlil involve+he collection of a 
d~pllc:;p.te ·sample :tiik,en fio~ an adjacent reach . ··. 
upii'b;~;~m·.of±h,e i'9:itiaJ,sa;m,piUi,g:~ite~. J:'he.,adjaoen.t, 
reach.shou14 :J?,e simUarto ~}le initial site with , 
respectto h,abiialand s.tressors. Samplin.g QC data 
slioillp be. evahiated fol1Qyiipg :the first year of . 
s~l:rlplihg iri order to p;ciief:infue a level of 
acbffita~le varia,bility and .the appropriate 
dupii6~iion'.frequency. ·· · 

2. Fiel.d 1,\:),entifications offish ni1<st be conducted by 
qualiil.e&tra,ined :fish ta~ot.qn:rists, familiar with 
loca,l (.llldregion,alrchfuyora'una. Q];!estionable. ..: 
:recorc1G :a.re ~P-revented 1!y:',Ca1 requiringthe ·· · 
pres~nce of at least one experienced/trained fish 
tafepno!I),ist qn· every :field :~:Wort;,, al:).d (b) :pl::eservmg.:i 
sel~,c,te4 specimens ( e~g., KJ.e:mm and Lazorch!lk. . 
1995 recommend a Sl1bsample of a maximum 25 

;:~~!~;~~~~Wi4~!~~~~~e~~s~~[f!~~s~ that ! 
lfi,boratqry yen'&c:;ttiop. a.11il/or ex~atwn by a .· 
second qualitled fish taxonomist (see Section 8.7). 

·Specimens must-be properly preserved and'labeled ·· 
(refer to S~ction 8.1.1, n'U1Uber 5). Wh.en needed, 
chain-of-custody forms ·m:usthe ju{tiatecf following ' 
sample :preservation, a.nd must include the same 
information as the sample container labels. 

3. All field equipment must be in good operating 
condition, and a plan for routine inspection, 
maintenance, and/or calibration must be· developed 
to ensure consistency and quality of :field data. 
Field data :pJ.USt be complete and legible, and 
should be entered on stan4ardized field data forms 
an:d!or digital recorders. IVhile in the,field, the 
field team should possess sufficient copies of 
standardized :field data forms and chains-of-
custodyfor all anticipated sampling sites, as well 
as copies of all applicable Standard Operating 
Procedures (SOPs). 
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whiqh ¢l~lp~l9Ett<ts seleot\=ld#O:!iJ!P,.!liW:~D.n from. &4~ plw~i~a.V c::~~ttn,.U9a.~ fi~?M s.lw~t .. Jr)fpnnation 

~pg~~r~itt)· ~,m~1f1~.e ?~~r;~E~~H'f~V.~~;oft~~Is~\~o.'~k ¢eo:~~~~~; ·~s rQf.~g§ls !et1lod ?f s. 
:fi~h ... ptw: , ur. Jm.~ , .. . • .. * , dur;;1;tt n ,. i:\l1'lJL .. ,,g, 1.:ll.~t\'JI1.11:tn. w.. l'lJ .m-:t ~L. a.:nJ w1dth 
Upe peroen~~ge of @acJ.?, 'M'0.itat;l:y,p,~e ~l t1le )leach is e~ti:i'l1at~{rf atid <il:o,PU,ti~!iltl.te.d O:t;t the data sheet. 
C6nn'J.\~rits s}.1o~1ld ';U:ioll.ii\l:e ·sW,ti.~)!llii.'l.g co~?.oition~, e;g,, visibiHty/:flovy, d~fficl;llt access to stream, 
or ru1ythiug that 11lay prove to pe vaJ.u~ble il'lformation to COlWjder for future SalTl.plhJ.g events 
or by p>ersonnel unfa,miliar with the site. 

8.2 LA:PORATORY J:PlENTXFlCATION AND VEEJ.:fFlCATlON 

Fish. ~ec~n~ds of qn~,stiongl;>le qqa.lity gre 
pr~Ve;t;ttt:JdJ);y J1res~tViJ1g SpediiJ.i¢~'ii (Jhat 
cfJipu,qfbii t~#4.fly identifti'Jd in 't!i¢. :n:¢Jifl!) for 
l~'b6ta,tocy···~i'an.1imt'tipngnd/or a v61.~4her 
q911~iti6~~ £9# l~boi~tp,x.Y veri.D;qat.f~.n .. 

· Sp!?.¢~~M~~ ~1au~t:be proper~y pl:~~.~~l'lfl: (e.g;, 
10% X:oi\n)l:tliP £or ti$~ue %xP:1,i>~@iiJ0% 
eth.fl,Mf·£otl91ig::tei\in stpra;geT . : · ~Jed 
(usii.1g:in~~eprti~:gi?,de al:chivl'l-1'1~': )mer, 
and fo.J1!n~Hp/a:icoh.ol-proof p~n.~r ]i:¢J?,cil). 
l!=~b.cil& tl1wt}19. co11ta:in {fl.t a Jll.b.ili.Tt~) s.iti'J 
loo~tion d?,:t~ (i.e,, verbal·descriptf6:n ~d site 
GOOtdih~t.e$), collection oote, ciolJel'/tq)r's 
if~es; species iqeiitinc~fion '{for~%~h~.s
ideuti:[l~ii in the field), species totals, a11d 
sample iclen#$.cat~(Dn code and/or station 
number. Allll.~UTIRles receive<;! in tb..e 
l~"?:.~~~ttiry .~P:oU;!d be t;t'i;i:cked using a sru;q.ple 
l~Y.i?:/in ·ptt)¢~qm;.e· (Appendix A-4, ;F~tm2). 
Laboratdt>Y fish~ri~s.pro:fesSi@nEtlS must be 
capable of identi:fyipg :fish to the lowest 

·po:s.Mble ta.xoiw$ic level (i.e., spe.cies or 
Sllol?~pe.qi.~S).&l}d ~>.l:J,Qulcl.ll,a,ve a,qgeJ?~ to ~Jlitable 
regim1,al t~onomic references (see Section 
8.4) to ai'd in the identification proce$S. 
La.borl:!.tories that do not typically identify fish, 
or trahwd fisheries professionals th~t have 
difficulty identify:il:1.g a particular specimen or 
group of fish, should contact a ta:xononnc 
sp~qialillt (i.e., a recognized authority for that 
particular taxonomic group). Taxonomic 
nomenclature must be kept consistent.and 
current. Cbnunon and scientific riames of 
:fishes from the United States and Canada are 
listed in Robins et al. (1991). 

8.3 DESCRIPTION OF FISH 
METRICS 

8-6 

QUALITY CON'rROL (Q'O) FOR TAXONOMY · 

1. A p::presentativ~ voW:lhe~'·Oi;%;:ctiQn must be 
r¢t~ine~ for uP.if!¢p.tif;te¢~ $.J!1~1;:irnens~ swan 
spec!m~s, an~·p,ewlp~?.-)i¥'.r<lcords. Xn additi~:m, 
a s~.PQ1}4 YoBch~rJ~r ~h:<P.~J~~~.¢.~.~tf}iMc:l for a 
sqbsathple 6f<,ea911.sp.¢c,1,e$'-iq~#tt5.~4 :in the field .. 
(e;g., E:1~m!U and :L~.pfo!J~W·-~-~g·9 t~(?otn:mend a' ! 
S\.j:bsariiple of25 vow~Mt:'i)p~oimelis of each ; 
specie~). The v!)J.lqhets :ro\f~f\'iJ~·PJ:Qpetly 
preserved, labeled, a:p:,d st9.lf@q.in tli~ laboratory 

·.~ 

for fut\:fte reference (fiee Section 8";2). 

2.- V01.:J,CheHollections·should·'Q~verifie4 -by a 
second qualified fish t::txp;nomist, i.e., a 
professional· other than the '~~o:n;·orpjst 
responsible for the orig).nal fieltiidi:m:tifications. 
Th,e wqrd "va,lid~ted" ~d ~1,1e ,n~ · . · . f the 
taxonomist that .validated.'tlie Ml~ . . ation 
~~q}ild.·by: ad~i~d-.tp;,~~~~)-~V9.4.¢h~f):~~·~J, . ·J 
Speciiuens sent ftoin ~he laboratory to taxonomic 
spectaUsts should be recorded in a "Taxonomy 
Validation Noteboo.k" (s\le Chapter 7), noting tb,e ·.·. 
la,bel 41fonnatio;n an g. ~!'!.!e ~l'l;r.tt. Qpol). rt:tum of .: 
the specimens, fhed:~te ieii~lved aiid pndings -
should also be recotd<e<l in the notebook,( and the 
voucher label), along w;ith the name ofthe person 
who pel'f01med the validation. 

3. Information on samples completed (through the 
identi:fication/vali:4~tion proces~) will be tracked 
:in a "Sample Log" notebook, to track the 
progress of each sam_ple (Appendix A~4, Form 
2). Sample log entries will be updated as each 
step is compl'ete·d ·(e.g., receipt, ·id~ntification, 
validation, archive). 

4. A library of taxonomic 1iteJ;ature is essential fqr 
the aid and suppoJ,t of identification/verification 
activities, and must be maintained (and updated 
as needed) in the laboratory. A list of selected 
taxonomic references is provided m Section 8.4. 
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Tln'pugh m~ J$J, Kar;r ~t al; (1:9$q):provid~d a .oo:Osist.~nt t).le\Dr~ijC(l;l frl:lp:lework for analy:z;±Q.g fish 
a~~~pihl~ge fla~ft; J:'li,~;J::BJis ~ a,g~c;ga,tioi\.of l~ bioloifc;al !11;<ltricsJha,t an~ l?as~d e>n th~ $sh 
a,s~e#{~1~g6?~:f~q;nop;p'¢ ~,d i±oj?$.£P '¢Am:Pos±tfsm·®d the .~oluigsm;c¢. aq.d condition ,of fis4. St!ch 
m:ttlfip1e.;;p¥'@1~ter iridices ar¢·:ti~c~ssaty .fpr m~g objective ev:a1uatio:ns ofco:~;nplex systems. The 

· lBl'W~ts Q.es~gp.ed to evaluate t}le cil!a1ity pfs:rnallMidwester.p. w.ar:m.water streams but has been 
:niodffi~\'1 for'use in :r:t1anY regions(e.g, eastem and western Uni1ed States, Canada, France) and in 
different ecosystems (e.g., rivers, iu1poundments; lakes, and estuaries). 

The me1:):ics ·attempt to qu8.17'tify a bio~o..gist's bt:)st profes~ionaljudgrp.ent (BPJ) of the qu,ality of the fish 
;:lssei1Jbl~ge, . The IBI uti(lizes lJro;fes#otial judgmemt,:oudn a pr¢scribed m.apner, and it ]p,c;ludes 
qU:fliitit~fiy,e st~g~qsfor 4i~~~tiqg the 96i19itio11 9Hf1e fisii'w>sep:ibiage (Fig1.1r.e 8-l). .BPJ is 
inV;olv~d iJ,1 cho,oswg·;boj:h fh.e l:i:J.gstappr\'l.;P>riate pq:pgla:tion o:r llSs,ernblage el!:WJJ)llt that is.reprepeptative 
of:t::JrcJ::vm~wc ap,d ·±Q. ~C!ti;ir.tg'the s~ortrl,g-c:d.tena, Tl)is pro.c.e~~?.C::an Pe easily anc;l dea,rlymoQ:i:fj.ed, as 
oppo·s~dtoj~d,gxpe;qfs tJiiat ppqui ~ftet·t~s;i:JJ'ts are;¢a1l:Gul~te~. Elich metric is ·s~ored aga±nst criteria 
b.ased on eX:pectatitms develqpec,i from. appropriate re~onal.referehce ~ites. Metric values 

Rating o_!_IBI metrics 
I 

Calculation oftotallBl score 

Assignment of integrity class 

Interpretation of 181 

Figure 8-1. Sequence of activities involved in calculating and interpreting the Index of 
Biotic Integrity (adapted from Karr et al. 1986). 
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EJ.P,P,l1P~ifn~~h~&1 d~y,i:~~j;ng .slightLy :fl:.<?.:lilAr Q.r devif:lPing, W&:atl;Y ;fij:gp,i v~1V..f:S ogcyPJjng ?J.t i;lJ,f) :ref~JJ!(:O.Ce sites 
WI~·~B<?+!f:l.4:a$.S~ .$?.,gr ~·> :t:©$p_f:9tLv¢1~· ';l;!<i;~·.s(.l\'n~~l? ¢$1!]!1~)7 ;m.ep,iq~ fJ!i:.©,a¢!:4~4~or efl;9h;~]~fii9A t\D. gjve an 
:$tt:r~i~h+g$J/q~h .~ ~~~ih,\lli1 ~:f ~q;:(~X.9.;~l!1~nt) .tp a-~~inu qf' 1:2 tv~W~b!ilr). T~qp:1#_6·aJ~d tof~rance 

· cl~s$~~6.at)~ns. qf se~¢P~e4 tJ.~h &p~s~~s. FW~. H~t~~t~ A.VJ!l:!'l~~dtx' c. Acl~iii.o~1~1Pl~~H;;i:/:1c~rtiims ci~ be 
deriV'@d.Jrom #.J;f:c;tJ,1i1gqqn il.1 Sta~~ ~i4t~g/:Ol'l.al:fisllteA.ts1 'by.oojeotivr:Jly ass~ss.~'l~ a hwge statewide 
d~tab.ase; or by .om1tacti:ng a·qthGi!S/c1:rlghi~fors ofregion~ll:I3lpro~a!'l.'l.S~~l:rpilot sJ:qdies. Use ofthe IBI 
by water resoupQe age~1qies may :17~~1J~t1n ;ffur~J.er PWd#iicatiqns. Marty ~nodifioatiol1s have occurred 
(Miller et al. 198.'8) w.i.t).rout o.hW:1~~g·(il;').c:rlBl's b~sic th~m:\'ltioQ-1 foundations. 
The JIE.3.l. serves. a~·~ ~pte&"t:~t(;ld ~:-~ly$i~ ~e9.~~ls.e individm~llf?-emos p,1ay 4tffe~; in th~ir rel~i'ive 
S\'l~}~iti~tiY to Yi.U:f?:LlS.1.ev¢1~ ofmi91~f#.p~1 ¢<:m,clitlon. A desclipt[on and b).'iehfl:tio~t~le for each of the 12 
TD'f he·,. c ·.· ··nt11ried'be1~ . T .. 1.'e·ffiL:3' ':'nal ,1,!2<'- L j;J;~ .@ lS .P .. , , . . .. W. 'l: .. niD '" 
l1iit:i:t#Gs,. 4~~oti.b~~by J\:~1; (l98i)::foii.:ri!Jihwis 
str~clj:h$:a1i~·f611b'\Y¢1lby·s.~bsfit-Ltt!:l1'l'i\s'~d·in or 
v:~i~o$;·~:~~~·4t;~~~~~~:~~%~~~£~~: ,,.,, .... ··~ .· .s ~nd 
Sf!i $.'),'), S~:z!.. ' V, ' ' ' ' ' 

di:f:ft;)te;J.'),Qes, ' ' ' far . ' ,, or~§J!l: i~~ are 
eval-·atei;l.·'l·did!'fe:ft'gnt't.e'• :'0 •s ... ·· '1ili:te''o · al , lil,. : . \l;t, ... ,, ·•·• , .•. ${- ;t:l, I W),),l., · g+, 1;J; 

siibstitu.tes oo : · tltt? s$..1,11.e · · ·· \'l~~l habitat 
or niche. Tlie ~~ i<ift eachs. . ·,;ttite is 
footnoted b~tPw:· t~bte 8~1 P11~~~nt§ _a:n 
overview of the .)l{f m~trlc ~;tltei\'l~tl'Ves and their 
sources for various i;P,'eas of the Dnited StEJ.tes 
and Canada. 

8.3.1 Spe.cies W9hness ~nd 
Co~p.osition Metrics 

Titese metric~ ass~ss.fue s.pecies richness compo
nent of dtv(o)j~ipy (l1iglthe l1~1~lth <i>£,r®tdent 
taxononlic g:tol!pings and, habitat guil~s of 

I • - • • • • ;._ •· ' • • > ' ~ 

fishes. Two of the metrics assess asse:r:nblage 

EXAMPLES .QJ)';$.QlJ:RCJnS FOR METRIC 
Ati:t:mR'N~TfVES 

Karr et al. (198w) 
Leonard and O~ih (1986) 
it- te t ;,l"(i:i\\8"6·) "vo~-oy. e "·.. , .. 
F~;U~>,¢h·a~~ $~bt~oer (1987) 
· · · . ~ra.n~:~~~f,1Wlon (1987) 

"· 'EP.A(19~.7) 
~Ul~;r et ai. (1~:$8) 
St\\!e4m~Tl (1$>88) 
Simon (1991) 
L.yops (199fa) 

- ·'Ba.roorrt et al.'-(1995)' 
Siin()n and Lyons (1995) 
Hall et -al. (1996) 
Lyons et al. (1996) 
R91!h et at . (1'997) 
simon (l!J.!\19) 

.. :t~;·;~;,:~:.::L~~/:./~t{.{.,.,'"'~·'·"" ~. '' oc u• 

composition in terms of tolerant or intolerant species. 

Metric 1. Total number offish species Substitutes (Table 8-1): Tota:I number of resident l1ative fish 
species and sahnonid age classes. 

nus l1umber dec:t:eases with increEJ,sed degradation; hybrids and :introduced species are :not included, In 
coldwater streams supporting few fish species, the age classes of the species foUl1d represel1t the 
suitability of the system for spawnn1g and rearing. The number of species is strongly affected by 
stream si~e at most small warmwater stream sites, but not at large river sites (Karr et al. 1986, Ohio 
EPA1987), 

Metric 2. Number and identity ofdarter species Substitutes (Table 8-1): Number and identity of 
sculpin species, benthic iri.sectivore species, sahnollid juveniles (individuals); number of sculpins 
(~dividuals); percent roUl1d~bodied suckers, sculpin and darter species·, 

These species are sensitive to degra~tiol1 resl!lting :ffom siltation and benthic oxygen depletion because 
they feed and reproduce in benthic habitats (Kuehne and Barbour 1983, Ohio EPA 1987). Many 
smaller species live within the rubble interstices, are weak swimmers, and spend their entire lives in an 
area of 100-400 m2 (Matthews 1986, Hill and Grossman 1987), Darters are appropriate in most 
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Mississippi Ba~:in strefjms; ~c:u~phl:s .a:p.ay~fll'linwwou:t Qc,CU:pY -tb,e,s?J,n~ :ni((P,e in westt<rn stre~s, -
ByiJ.tlJic tbEieqt$VO);yS ,<:md scnJ,pws .q'f.cl~~fS al'y used iti'sD.1~F/\ti~tiy ~lp,p.e streaws 'fl1at nave .few 
scLi.lpitJ.S or darters, and round-bodi¢'d s_iickers are slJitable in large :roi_dwestern rivers. 

M~tJ!ic 3. Number ~nd identity of-sqnfish species. Substitutes Cfable 8-1): Number and identity of 
cyprinid species, water column species, salmonid species, headwater species, and. sunfish and trout 
species. 
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Tf();)le~H. ll'i$Jl :J;ij!J: m~Wio~ us.ed in V:~~l~()U~ l'!lgiO!l$ ofNQ;r.t,bA.m~mi.~~~~ 
-· ··-·-··l ~-r:' , ... .§ 

'.l!J 
·~ :a '0! 

~ !;(,l .I'! '" = 
;~ § ~ ~ .el 1:3 

•;; 
o; "" p;: 'til h::l ~ ~ i:9 .J'l ~ ~ !51 

:~ ·~ 
~s ~ ~ :3 

"' @ 1:1 § 1:3 10 P=l ~ 
E-;< 

'til -~ 'lfJ ~ ·~ ~ '0 = 
~ E! Q Q 

~ ~ '" .6 u u z 
~ iil Q 

0 
i:l j a ·~ ·~ "" i 'E i ·~ ~ ~ Q Ill 

Q 

] ~ .~:: a ·;:: 
8 'f. Q '5~ Q 

'" ~ 
u 

4\Jt~:rH~tive @I Motrjcs ~ '0 :E Q = ~ ~ ~ :l u 
. ., 

u i:,:O 0 z 0 a til ,.::; 

1. TQt<~I N'!1J.;;Ji(;r at'$!l~Qics 
... 

X X X X X X X X 

tlnutive fis)l speoies X X X X X 

tl salmi:nji4:ll~~:.olp~scs~ X X 

~.·N,im~e~'{!rPil1it.llr'$p~~ics X X X X X X 

# soul:pin llP.Mies X 

# bentlJiq ins.eotivore species X 

# darter ancl sculpin species X 

# clatter, scql)?in, 11nd madtom species X 

# salmoqj(ljuv~niles (individuals)• X X X 

% round~boi:ljed sqckers X' 

# scuJpins (individuals) X 

# b~rthio -~B~~i~s X X 

3. N\IIT!'be.r t)f$~\.lfisli,Species X X X X X 

. #..c.yprinicL~p~c!es X 

# water 90 lumn species X 

# sunfish and troljt species X 

# salmonid gpecies X X 

# he!!dwater species X 

% ~e.\l~\Y.a1~rRBe,;l~ X X 

4. NJinii.i.er ~'tsu~R~t·Species X X X X X X 

# adult.trout species• X X 

#minnow species X X X 

# S\lOkeJ: an<\.catfish species X 

5. Number ofintoX\\rant Species X X X X X X X X X 

# sensitive species X X 

# amphibian species X 

presence of brook trout X 

% stenpthermal cool and cold water species X 

% of salmonid ind. as brook trout X 

6. % Green s11niish X 

% common oorrp X 

% White S)lCker X X 

% tolerant species X X X X X X X 

%creek chub X 

% dace species X 

% eastern mudminnow X 

_../' / 

8-10 Chapter 8: Fish Protocols 

A0i0178 



.,, . 

Table 8-i. Fish IB.I metr:ics used -in :va~~ous1regions of N odh America." 
.. ,: :- .... 

",~ . ~00 
:e = ·c: 
·."a: 'S " .. ~ ,$ ... ,s 

:·'"+--' "' 0" .. "' "0 "' ~ .. " ·CQ = "' ·=. ll 
~ ~ ·"' e ~ 

.., 
"" ~ss 0 " l:i5 :: "" .. ~ ~ 

.,., 
~ 

,... " :§ 
~ = .s :5 <i E :: F, 

;§ "' :;:; 0 ~ l; "0 "' .., 
'1 0 

... 
"' .E ''Q " g 

= "" .s ... f:! ;: E ~ \.;! 8 z 
l:l ·~=. "" 0 .'0 e 0 

< = .0 .l:j -~ tl = = "" "" "5 .., ·"' "" E "' 0 'Oi 'Oi = = E ... ;:: £ ·;:: .., = = " " ·~ ... E l:: e 0 
,_ 0 0 "& ·t-·.tt:~ :;:; ~ :a 'o. .. .s 'C " " " '0 :a .0 a :...~ "' " "' Alt('!rnattve :r;BI Metrics -f~ '" " ·~ "' :;::o z ;;,. ~ -~ !i"'< :u r(.l tl 0 u :::: ... 

7. % Qmniyil~~s X X X X X X X X 

~ generari;tfe~!illr~ X 

% geil.er~lists,_ O,J:WJ.iY(lres, ami inyertivores X 

a;•!>;. ::tiis~~tiV:~:roli_$'c.Y~#irHiis ···:x· X 
... ,,., ... _ .... 

·'!1> }nsective[es X X X X X X' 

% speciaii~e4.:insectivpres X X 

#jl,l'\(eililetr:ollt X 

%ln~e~tiyptp~ J:pepies X X 

9.% t<i:ii~¢~t~~~~f~s :x .. 
X X X X X X 

% cat6$~bie Jta(moni4s . X 

% C:atclii~)1rtro)lt X 

% pi0n¢erjrj~ ?~c::ies X X X 

pen.~iiJIF~19~~l.r ,W,)ld t:rput X 

10. :Niill'i6~{o[fri'jjj~id~fs7or c'iiicli-per'e:i'f6rt}"-- X 
.. ···:x X X x:·-x·· ){'d" - X X ·:xa-- X 

Density ofin4ividJJ?ls X X 

% abundan.ce of dominant species X X 

~~O.I?:~~,(p~r rn?) xr 
li. 0id1I§bf@." X X 

%.lll~b'dU£e4 species X X 

o/o ~imf,ie Jitli9pJ1ills X X X X 

# simple lithophllls species X 

% native species X 

·'% na:tive~ilaiTidividuals X 

% silt~int9l~ra11.ts:pa'Wllers X 

12 .•. % :Oiseased~ilii.i~i.(\uiiis 
:fins, lesi~ns; and·tli#:pr~) · 

(defor:inities, erod.ed. X X X X X X X X X X X X 

Note: X= m'~tric;Ls~a h1'r~giOI).. Many of these variations are applicable elsewhere. 
a Taken.fromRarr et-a1. (1986), Leonard and Orth (1986), Moyle eta!. (1986), FauscJl and Schrader (1987), Hughes and Gammon 

(1987), Ohio EPA (1987), ll:filler et al (1988), Steedman (1988), Simon (1991), Lyons (1992a), Barbour eta!. (1995), Simon and 
Lyons (1995), Hallet al. (1996), Lyons et al. (1996), Roth et al. (1997). 

b Metri?.suggested by Moyle et al. .(1986) or Hughes and Gammon (1987) as a provisional replacement metric in small western salmonid 
streams. 

c Boat sampling methods only (i.e., larger streams/rivers). 
d Excll!dipg,indiviqua]s oftoleJ:antspecies. 
e Nori~2oa5ti1'P!iihistr@ris oii.ly. 
f Coastal Plain streams only. 

These pool species decrea~e with increased degradation of pools and instrean;1 cover (Gammon et al 
1981, An,germeier 1987, Platts et al. 1983). Most of these fishes.feed on drifting and surface 
invertebrates and are active swimmers. The sunfishes and saJmonids are important sport species. The 
sunfish metric works for most :Mississippi Basin streams, but where sunfish are absent or rare, other 
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g!.'Ol:lpi,l.§.'li~ ~ls~Q.. O;zyj;j;¢~ SPQ9iE1s ·li1!te 1;1~ed ,in poq~w~tElr w:este~~~l.$j:t:.~~'l.s; wat~:t: oolunJ;n ~p<JciE1s 
P$9J:1J)f¥. ~~ .~~1~ ·'l'ti.9~~Y ti ~+?rtM~$ty~~~*11!i~~~}si:·s~~W~i1id~:·~~l:l sl:li~a?l~'' .~9l4w@et~r·.str,~~s; hE1~dwater 
sJ;i¥¢i~~·$@1'Y~ foJ: imtl~h~~t~ri?. h~ii:cl.wat¢i7 ~JW~#m~~;:,@;~4.~9Wt ~l\;1 ·sY1@~~i· ~p.¢pi@s. w~ used ii1 . 
squth\=lnl'P~lta,rio stll@.~J:ls. I\;?W~·~t ~L t;J;98~)·~i¢101ri±o J,f$P:Ai•(198"l}t6Mt~P tll<l ljnmhber of s~m,fish.species 
to b.~ ·d~·~~'),q~~'J.t. PJ~l S.w~~:n1 si!?le ii~ si'll1~1l stl.i¢~1:J.si :PN 01ii.o\!EPiA (19S7) f'o1.'P:1d 1'l.o ts:llatiCUlship between 
streattl. Size <!,tlO SU!lfiSh Species in mediUl'P 'tO laxge stremns, ~lOr between S1.1'ea111 size alld headwater 
species ii1 s1n.all strean1s. 

1\{(!')trl!-l 4. NumP.er ~u•.d ident~ty vfsJJ,~l},ef s:p~cltll3. S1.1bstit'utes ('l'able 8~1): Number ofadult trout 
species;i.?.Ull'lber oflJ'l.hUlOW species, ci;p:dn1Jmber of sticke:t!S W:1.d cat:i!is11.. 

The~\? ~~GiE1s .are sensitive to p~l)l's.iP!l:l,g:p,c). '91~~tnic~J habita,.t ¢e,g~:gc.l.~tjq:n w.?.d oonunomy con~prise most 
ofther ~§J,y~i9t.~?.ass ins.~?.'~~~· AU:·?;~~:m?.¢·,t~')j~~O.Ws w;e lQ:q~H~ed·~l.P,~:PJ(;}s ?t?.d p11q,Yip.e amultiyear 
iti\~~i~t~o.p~ Of p}?.ysiooclR\?J}'P-9~' c'OlJ:ditiqi1s ... ~·~~6~eli.s · ~e aotini~qn \lti' ii1i¢:cliUJ.?.J: ~~d:fw~e stt~mns; 
~ni1.1ho:Ws. dmJ:ili+ate si~nall stte~s··1;11. th~ Mi§Si§M.Jilpi ;1Basi11,;, mialtrout occ~py th~ s~'X);e :niche in 
coldwa..t~l' stre$.111S. The ri,dlmess 0f ~~$.e·-~peg~~s 'iS a :f\m,ction of\st¥eam size iu.. S1Uall and 111edil.uu 
sized s¢~~'111S, buJ not fu l~ge (e.g.,, :ti;o)l"'Wil:@~ab1e) ,rivers. . ' 

Metric 5. NpJilber fil;)P i~~:0.1ii:W·l)f:;~ptole,t~n~'~Mci,es. S1lbstitutes (Table 8~1): Number and identity 
of seus,itive speci~s, m:Q.pbibi~:sps:;ciesi;~a pres~nce .of brook trout. 

Thl~ m~mc distinguisl;u;:s high ~;p,9, mod'er~t.e q1;1ality sites usil;).g f:!P.eoies tliJ.at are into~erllnt of v~ous 
chenUcl:!l and :p:hysica~.PI5l~blj;,tiQBS· Il}t.pJ~~~nt. SP,eQies ~~ W1i9,~l~y the f~st §p.©oi.~s to'dj$~ppear 
followi11K~.ilig:lli11>~s~, _$j~:Cl.i._~§ q1~"~.W.~il~§~h}t_til~~~t,qr_§~J.1~i'fi!y~~@;9'\:!lg \Pl¥YI~~~~:g! the.~~ 1 Q .! 

peroeJ;J.t illost sl,Jsoeptible species,. 9tl~~iiWi~¥ tliisb~.comes a ~~ss di~q~#i~th1g: l1l.e'tric. q:::w..didate 
spi'Jcies $.re Q.eten.1.').bled by exa.hl;il.W:J:g rt;}gfiDn~l M1'$.yo1\)gicalbooks £91: sp~Cil'ls tb:at w,ere .Q]1ce · 
widesp;r~a,d but have becOJ:ne restti¢ted fo G>#~y. t].le ~ghest quality stte~1S· Ohio EPA (1987) uses 
nmtt'lil.~?t ~·f sensitive speci~s ~w]5:J:5~:'#?;~114.d<tsnhtghlS iliitol(jlraJ:tt at1d::tti.9Gl~tat.~ly-i:nto~~lii;t)Jit; ~pecies) for 
:b,~~~w~t.~r s'itesbeca:use hl§blw ~ih~¢t.¢'~~j'~m~~i~s are generally n~f~~p.$,qt~ifi·h?. ~w.9fi b~i,~lt?;ts. Moyle 
'd9.7t5~·:~tfgge~ted us~g·~~IntJ:iiS 111i~tiiB:¢Pn, cat1£8ri:rla stt$ani§ ~~g~u~~ o£th¢irS,¢),l~{tiVi.ty to 
'silviculwtalimpaC(ts. ':(his also may be a promis:iilg metric m Appalai:ihlan stt¢ams whicb ;may 
naturally support few fish.species. Steecltr\a:n (1988) found that the prese;nce of brook trout hll:d the 
gt·~at~~.t oorr~lation with IBl score in Oni&io streams. The number of.s~witive a11d :ip.toJerant species 
increases-with stream size :in srnallru1d 1l1~dium si.Z~d streams but is unift'ected by size oflarge {e.g., 
lion~ wadeable) rivers. 

Metric 6. Proportion ofindividl.l~ls as green sunfish. Substitutes (Table 8-1): Proportion of 
individuals as cmmnon carp, white sucker, tolerant species, creek chub, and dace. 

This metric is the reverse of Metric 5. It c'tist:iilguishes low .:frommoderat~ quality waters. These 
spl'lcies show increased distribution or abundm1oe d<Jspite the historical degradation of surface waters, 
ru1d t!:J.ey-Sh:ift from incid<Jntal'to donrlnant in distutbed sites. Green sunfish are appropriate in small 
midwestern streams; creek chUbs were sv:ggestedfor central .A.ppa}acltian streams; con1111on cmp were 
suitable for a coolwater Oregon river; white suckers were selected :in the northeast and Colorado where 
·green sun.fish !lie rare to absent; and dace (R.hinichthys species) were used in southern Ontario. To 
avoid weighting the metric on a s:iilgle species, Karr et al. (1986) and Oblo EPA (1987) suggest using a 
small number ofhighly tolerant species (e.g., alternative Metric 6----percent abundance oftoleran.t 
species). 
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Th.f:)S\1rtb,re.e r,r:tetP.cs ?-$Sess th~J qu~lity_ of tb.ep yne];~ p;:J.se and tro:ppi,c d,ynamics of the fish assemblage. 
Traditioniil proce~s stp.(iiys, suqh,~~'¢()npu:q:oity -procJ.gction and :r;~~pira'tion, we tb;n.e consUUling to 
GOnduct and th~ results ·are equivqcal; · di$t:irictly different situ~tiQl;l:S. can yield similar re;mlts. The 
trop'JFc 'CQU1positipn T,t1etrjcs pff~Jr ~a :(!leans to y:V~Uate ,the s]Jjft toward mqre generalized foraging that 
typically occurs With increased degradation ofthe physicochemical habitat. · 

ME)tric 7, fropor.tiQp, of in9-~v:id;"9als as omnivores. Substitutes (Ta:ble 8-1 ): Proportion of 
indi:yid1:1als as :ge~1eralist feeders. 

The percent ofom:pivores in·tl1e co1J¥llurp;~y ).ncreases as the p}).y,si()ql and chemic.al habit!'JJ deteriorates. 

%trl"~:e~::·~~~m~~;~~~~!~~!t§;~~!;;~{e;y~tf~;~t~t~!1h~to~F;l~~~~sr:~ ~=al 
a.Jiilq~'?eteS .~d oppoi'tmJ.lgtj:c f~e~~~tf.i'if~e Gh~el Cftt{ish: fu a:(eas yiheie''£ew species)it the i:rtle 
deflliition 6f.ohm:ivore,·theprop6jtibn..ofgeneraljz¢d feeders ri:iay'be substituted (Leonard and Orth 
198'6). 

::Metpi~ s. Pn:ipo;t:ti0;p,.of.i:p.d:i~<t43.J~ asin,~~ctjv,!,:rrous cyp:r:in,i!Is. S1,1,pstitt1tes ('J;'1:J..ble 8-1): 
P;r:qpt;lf-iiop of iri:t!ividua]s as wsectlvores; s:p~tialiZ~d insectivores, ins~ctivoro1,1,_s sp~cies, and ntliDber of 
juxe.nl.l~ trout. 

InvertiYores, primarily insectivore$., m'e th~ <torninant trophic guild of moiit North Amer:ican surface 
----wat;;;~ Asth~-~verteb~~e fqod sqlJ!~~-cl~P~ea~~ ~-iburr~c~;:d c;liv-ersitJ-du~-~~hal?ifut-degt~d-;tio~ -

(e.g., antl;Jropgg~enic S'\ressors), 'fh~re is a shift from insectivorous to qrnrJivm:ous fish species. 
Gei:J,~tal~~ed fusectivores a11,d ()PPPrt:Lmi-stic species, such as blac;knose dace ?UU creek chub we;re 
ex:c1n<::le4 frow tbi~ metric-by QbipEfA (1987). This metric evaluates the :q:li9Jange ofbiologic1:1,.l 
co1Qcti#9n, i:e., ls>w to.wo4~ra.t~·pq:rf§lifion. 

Metl'~c '9: Proportion of!il:rdj.viduals a:stop c~rnivores. Substitutes (Table 8" 1 ): Proportion of 
individuals as catchable sab;nonids, catchable wild trout, and pionee:r:ing species. 

TQ.e .,top c<)nlivore II].~etric discril;l:J.im2l.tes bernreen-systews with b,i,gh and r;no@er~te i!J.tegrity. Top 
carnivores are species that feed, <tS adults, predominantly ()n fish, other vertebrates, or crayfish. 
Occasional piscivores, such as creekchub and channel catfish, are not included. In trout streams, 
whe;re true piscivores are uncommon, the percent of large salmonids is substituted for percent 
pisciyores. These species often represent popular sport fish such as bass, pike, walleye, and trout. 
Pioneering species are used by Ohio EPA (1987) in headwater streams typically lacking piscivores. 
Pioneering species predominate in unstable environments that have been affected by tewporal 
desic.cation or anthropogenic s~essors, and are the first to reinvade sections of headwater streams 
following periods of desiccation. 

8.3.3 Fish Abundance and Condition Metrics 

The last .3 metrics indirectly evaluate .population recruitment, mortality, condition, and abundance.· 
Typically, these parameters vary continuously and are time consuming to estimate accurately. Instead 
ofsuch detailed.population attributes or e~tilnates, general population parameters are evaluated. 
Indirect estimation is less variable and much more rapidly dete:r:rnined. 
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T.b.is 11~~~1'i9. ~y~li:l~tt?s p@p1ll~t~e>n libl!IA4!'lnq~.and :v:ati~s ~\lll1"11(:)gi:op aiid stv~~ si~~ for small strc;ams. 
It is ¢5;;p~~$~~~::M'g~tqh:B:~l:-mi,ifiettort,:~ith§ir by w~~.:dlst~1G.!:l, ot~hn~ s~liJ;iltild. O~lwfally sitl{s with 
lov.\et· tttJ.tef.¢~y s~tpj?Ol;~,ifewet ~1t¢liyiClul'\i1s .. , · · 
b~lt ill S!;>tll~ nt\tl,'l:~~1t poor regi,Ol'lS, 
et':P7iQ1!!1~ti~1t :\ltfif~E~::SeS the l'l.Unib.er of 
itidi¥i.d\l~1s. :Ste(;::@;1atl (~9S.8) add:uessed 
this ~i'f:J;lit#@P:•·PY ~po:¢,1;lg.;q.atch ·p~r n').il1~lte 
or:$~~~wt~~t~A~~UPfr:zs .as a 3, m1.d 
less tlm11A.a .. a), . pstJ,ally lqw 

'""···Ji{'· : .. · ·_ .. , .. 1,,.;._,: 11· · .. df_:'ate t ic'mr nlf!}~:.e;t;s,ge.~l:l;t;fl: y m. . . ~.... .ox 1._,, 
m~\g'tl1i~)'lf~t~~l~ 111.0.$t 1.1s.eful a~ ~he low 
e :;ld'h+' .ti£:151'016 · · bal ihte.,;,~lt~r s~ak .J,.,_._.i'o .•.•.... ,, .. ,,,. ,.,,~.. ._ .. /?.~ ',1, '· '· 

»Xttgl{e$ ~a '~a,ii1i,iJ10~l. Ci9.87) s1:tggest ·ilhat 
iii. ·lil.1g&t :$tte~i#~~ W1t~re sizes of$1;~h may 
v~: h1'8t~~~~~~~f:,ma;g;W:tude, total:1$§h 
biqlti~ss :lit@':1b~ ~ appropriate substitute 
of·~d;cl,i]Jh:i}1i1'::~~w'ttic. 

M.¢tt.lc 1'1. :P.voporQ:on of ipdivi;(lu:a:Is as 
hybrids. Stt:W§tl!httes (T:Ethle 8-l}: 
· P.i:op6ttiqn 9filj~i~~d~als as introducecl 

. .s];ie~l!;\s.,.~ifr!Blsdlt1l<!.P.bil§,_ m1c:l p,1J11JP.\'}Lo:C 
si.n1.ple Fth<\lp11ij:ic species. 

This metric is ~1 estimate of reproductive 
~sokitiqp; prt}ie:~t#~abtlity of the habitat 

!A~~~i~~n.:. ·'~~:~~~~ ~:reases the 
percel1t ofh)'b'nds and introduced species 
~l~o'ip.9rea~es, but the proportion of 
simRl~ YtJ,iq]l~l,s tl~crea~es. H()wever, 
n;ihiDt;rw hybrids are f6und in some high 
q1,lali:ty stre~us, hybrids are often absent 
from highly i.lupacted sites, and 
hybridizatiol:1 is rare ru;1.d difficult to detect. 
Thus; Qhio EPA (1987) substitutes s:hnple 
lithopb:ils for hybrids. Sirn.ple lithophils 
spawn wh~;re tht?ir eggs can develop in fue 
interstices of sand, gravel, and cobble 

lwb ;;:: 

where 

N 

B 

H 

nl.'m:;tber of individ@ls oa,ught per unit 
distance sampled 
biomass ofitidivjduals ca]+ght per unit 
4istance · 
Shannon diversity index, calculated as: 

n. n. 

.. ~ 
,; 

-~ 
I 

H = ~.B· •1 ln·f LY 
N N 

- -- ~ 

where 

relative n].lmber or weight of the ith 
sp,¢cies 

N total number or weight of the sample 

THE MODIFIED INiJj)EX OF WELL-BEING 
(MlWB) 

The Jv.llwb (Ohio EPA 1987) retains the same formula as 
the Iwb; however, highly tolerant 11pecies, hybrids, and 
exotic spepies are eliminated from the abundance (i.e,, 
m,nnber and biomass) components of the formula. This 
modification increases the sensitivity of the index to a 
wider a:rray of envi:r()nmenta.l gistur\;>ances . 

.. .. ,_,,,,. ~-··"·' ... ,,,.,_. •. , .... \,.: -· ·'··· ..•• ,.~_,, '-•~t.-•....... -

substrates without parental care. Hughes and Gammon (1987) and Miller et al. (198.8) propose using 
percent i11trotlt]:ceclindividuals. This nrel;ric is a Cl'itect meastu:e of tb.e loss of species ~l;lgregation 
between midwestern and western fishes that existed before the introduction of midwestern species to 
western rivers. 

Metrlc 12. Proportion of individllals with disease, tumors~ fin dam_age, and sk~letal anomalies 

This metric depicts the health and condition of individual fish. These conditions occur ipfrequently or 
are absent from minimally :impacted reference sites but occur frequently below point sources and in 

8-14 Chapter 8: Fish Protocols 

-, 
\A0:1~1.82 
I 



<ll'eas wnere .toxic. cherrncals;areconcentntted:· Theyai~. <!xcehentmew>ures .of the suba.cute effects of 
· che~calpo1l~ti~~.ah~ i;be a~~i:hetic ;g1u_e of gqme lmd mtrg~~ ;fish. . 

. ··:· .... : ;. ' . ' ··· .. 

Metdc 13, T()tal fish biO!nll.SS .(optional). 

Hu.ghes aud !]:EU:!;l.Ill()n (1987) suggest that in larger (e.g., non~w~dea,b~e) rivers where sizes of fish may 
vaxy in orders of magru:tude this ad,ditional.metric ma.y be appropri<~;te. Gammon (1976, 1980) lmd. 
Ohl<Y EP 4- (r9S7) devei0ped an In,de:x ofWell~~-e~g (Iwp) .and Moditled Jndex of Well~Being (¥Iwb ), 
respectiyel:Y, '\:Da.s~d up:on.both fish a1;Jup.~ance andNo~ass ~ne?,sure,s. • The oorp.bi+lation· .0£ d;iversity and 
bioiha.si rn~a.sg!;eSi$ a Uf),eful tooLfor as·s~~swg~sb,. as~~l1J,b1iges~J~g~r p\ie;rs (¥odet an¢lR?TJk1n 

!~~tc~~:~~ti~:~~~~i}~;~~~t;;I;-~~!!::t~o~:,i~:;¢:~i~~~-~~~ ~~~'!:!~~!o:'to 
si@ii;±i9,~t ·~~p~pditUre oftiine, providing that's)lbSamplJ.p.gtecbni:gue.s 'are ,applied :(see Fieid Sampling 
:Pi8t\~~u±~s··s;r.r>: ·. · · · ·. . · .. ·.·· · · . 

. Becaus.eJhe JEl·is:aJ:J:adapf4ble irrqex, th,e choice of J;IleJBCs ffi1d. spoJ#ug .cJ;iteri.a is p~st developedon a 
r~gt&nallJaS,i~ tl1:fcnigl} iisCi dfav~~lable J2:U.bticatipn~ (~wr ~t:~t. lQ$6.; :6Bl<DffiPA 1987, Miller etal. 

~lliiiilri~li~i'i~~,~~ 
beco:tne available foi-i:he fish co±ttm:1lirity. 

1 ••• '· :·· • • • • • ••••• , •• ,_,.,., • 

8.4 TAXONOMIC.REFRRENCES FOR FISH . . .. :· . . . . ' . --· .. - ~ , .. " - . ._. ·-·.. . . . . ' . . . . 

TQ.e fonowi,pg refer:enc;:~s are proviQ.ed as a list oft~onorpic r~fere:n.ces Ct!,TI'ently bein,g used aroup.d !he 
Unitefi $ta,te§Ier;i~eJ)#P'¢~~i!1i;ti+:c/f~:fish. AnY of these references cited in the text of this document will 
-a1s~rbe fourrd ih. G~.aPter 11 (L1Wt~mre· Cited). 

Anderson, W.D. 1964. Fishe~ of some South Carolina coastal plain streams. Quarterly Journal of 
the Florida Acadf-_my of Science 27;31-54. 

Bailey, R.M. 1956. 4. revised list of the fishes of Iowa with keys for identification. Iowa State 
Conservation Commission, Des Moines, Iowa. 

Bailey, R.M. a:n.d M.O. Allum. 1962. Fishes of South Dakota. Miscellaneous Publications ofthe 
Museum of Zoology, University ofMichigan, No. 119, 131pp. 

Baxter, G.T. and J.R. Simon. 1970. Wyoming fishes. Wyom1ng Game and.Fish Departmeut. Bullet1n 
No. 4, Cheyenne, Wyom1ng. 

Baxter; G.T. and M.D. Stone. 1995. Fishes of Wyoming. Wyoi11ing Game and Fish Department. 
Cheyenne, Wyoi11ing. 

Becker, G.C. 1983. Fishes of Wisconsin. University of.Wisconsin Press, Madison, Wisconsin. 

Behnke, R.J. 1992. Native trout of western North America. American Fisheries Society Monograph 
6. American Fisheries Society. Bethesda, Maryland. 
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Etnier, D.A. an.d w.c. Starnes. 1993. The fishes ofT.enne-ssee. University ofTennessee Press, 
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Everhart, W.H. 1966. Fishes of Maine. Third edition. Maine Department offula:nd Fisheries and 
.Galne~ Al.:!@l,sta, Maine. · . .. . .... 

Everhart, W.H. and W.R. Seaman. 1971. Fishes of Colorado. Colorado Game, Fish, and Parks 
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Ha:nkinson, T.L. 1929. Fishes of North Dakota. Papers of the Michigan Academy of Science, Arts, 
and Letters 10:439~460. 

Hubbs, C. 1972. A checklist of Texas freshwater fishes. Texas Parks and Wildlife Department 
Technical Service 11:1~11. 

Hubbs, C.L. and K.F. Lagler. 1964. Fishes of the Great Lakes region. University of Michigan 
Press, Ann Arbor, Michigan. 
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Xile]jjie>'R.A and R.W. Barb.our. 198;?. The.American flarters, University of Kentucky Press> 
~~~~();> ~eptucky. ·. 

La·Rivers, 1. 1994. Fishes and fisheries ofNevafip., :u;niverS.ity ofNevad4 Press. Ren.o, Nevada. 

LC)e, P.~,, C:R. Gilbert, CJI. }Iocutt, R.E. Je!)].OJ:),~, D$ Mc,f,Jhstl:)r, and J.R. Stauffer, Jr. 1980. 
A.tlas ·of Nor(IJ American freshwat(3r fishes. North Carolina Musemn of Natural History, Raleigh, 
North Carolina .. 

L~~~.P:f?, $.:P. Platapia, C;R}3il]J~rt,.R. Fr~, ap,d.A.. Noroy.n.. 1Q8l. A :revise,d li.st_ofthe 
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S:ta.t~~:ar~f~ce;<i'with th~ cha;].ly!).g~ of not OW:Y d;ev:~loping toolstha;t ru;:ehotb appropriate ano cost
effect{Ye @flr~6ur 1997), qut:a1so;:tJte ab~lity to tvap:lllate s.~jeptffic 4flt~ for:n;t~ngsolJild w~agewent 

4 .fr~~work ;for .. bioasses.sment.g?.h be eitl!er .a!f. ap~iori.or.app~t~rtpr(~pp~o~ch.to .. c,las.s~g .. sites 

ri:J.ul~valikt~ cl~ssi.fipatipp.. However, there is no reason apriori cHissilication cotild not be used with . 
multivariate assessments, and vice~ versa. 

Twq data :¢.aJ:ysis strategies ~a,ve been deba.te.<i in sciyntific;,circles ~e>rris 1995, Gerritsen.J995) over 
th.e p~st'ie¥5i~ai~- ilie J:n~1ti#t~tric ippt6~.6K~s ®nf~ci.ente4 6:Y ~okt \'fat~ i-es6lir¢e: age11¥6~'in the . 
United State$ (Davis et al. 1996), and a multivariate approach advocated by several water resource 
agencies in 'Eurqpe and Australia (Wright et <:tl. 1993,Norris and Georges 1993). The contrast and 

si!Wla;i~.0~!1.1~ie 2 app:roache~ ~e illvst:r~t~4 P¥ :f:lW~ 9-l'in ~ .. ?:~.st~~e: .~e~~¥~P~P9,~~~ of 
bioassess:nient development. While there are :mailY foi'Jlls of multivariate l3nalyses, the 2 IlJ.OSt common 
multivariate approaches are the Be11thic Ass.esstpent of Sedi!nent ($EAST) used in parts of Canada, 
the River Invertebrate Prediction and Classification System (R.IVPACS) used in parts of England and 
its derivation, the Australian River Assessment System {AusRiv AS) us~d in Au.stralia. 

The devel0pp.ent of the :refer:ence condition from the ra:q.ge of r:efere:r1ce sites (Figure 9-1, Stage 4), is 
form'!Uated by a suite of biological metrics in the multfrnetric approach whereas the species 
composition data. are the basis for models used in the multivariate approach. However, both 
mu1tivariate te.chpiques differ in their probability models. Once· the reference condition is established, 
w:Qlchserves ~s a benchi:haikfor assessment; the :fihalstage'becomes the' basis for'theassessment and 
monitoring program. In this fifth and final stage (F~gure 9-1), the multimetric approach uses 
established percentiles of the population distribution of the reference sites for the metr:ics to 
discriminate between impaired and mihimally impaired conditions. \Vhere a dose/response relationship 
can be established from sites having a gradient of conditions (reference sites unkno\Yll), an upper 
percentile of the metric ·is used to partij:ion metric values into condition ranges. The BEAST 
multivariate techcique uses a probability model based on taxa ordination space 
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.Test and co · ·· 

.;;jll~'-
apa:Jy~I$.,(1 

. . ;hri :~p~.~J~ 

;\.s~~~n te~t*e$ t.Q 
confi*riied.$ite·cla-gses 

I 

a pp~tf1tiori ' 
cj~§S,)fi~~JiPU 

· Clji:~:~~$·t,f,$!11#~gJrom 
!;l*ta <h~trib"iltion 

Coxqp!lre ratio of 
obs,ervi!'d!e~~cted ta;xa 

of teiit ana. reference group· sites 

Figure 9-1. Comparison oftbe developmental process for the mljltimetl'ic a1;1d multivariate approaches to 
biological data a1;1a}ysis (patterned after ideas based on Reynoldson, Rosenberg, and Resh, unpublished 
data); · 
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,, .. ,.,::· .. , .. , ... ,,- ......... . 

The :bio~ss~~s:rnent program in MaiJ:le ~s .~ example q.f a st~t~ tll,at us~s a multiv<lti.at~ ~a!ysi& in th~ 
. form p£4i,$cr,iininalit furicti:on rpoqeJs. aJ!d apphe~ th~&¢ :b;),qdc:ls tp a vm~ty of rpetrics, bedsiops .are 
made :Yitlu~gai'd toatt~ent (ornon:..<J.tta..frunent) ofdes~~~t~d ~qua#<:: Ijfe u~.es. The app:rpach used 
byM<J.ine·is~tiased on c:~a¢teiistic~ qfbo$' th~·m1iltiyaJi~te·aJ:td ;t;nlii,1:iiJ;le1;ric:·approach. IP::!tis 
c¥iii:>ter~ only t1fe tnU:lt4P,etric appro~ch to biolo gic.ru. g~t~ ;~~lysis is ,discussed m d~t;:ril; Disc:us~io:p. of 

:~~n~!lfJl~~~t~~fb~~u:~e oven>iew of:the clis~t fmiction model used by Maine : 

. . 

;p,eqb~g da:4l anaJysis fpr tile Rapjd ;J3~p~~se.~;;sll1enrPrt;>tc:>sols: ~f~) ·or ~Y otlw:r .illultitp,c:tric 
appt9Mll;uwically im'olves 2 ~}ia~e~=·. {1) Setecti,ort ~d-c~ibrn.t16nofJhe mefrics and slibse::quent 

Jt!iJtliTil11tl~r 
armlical:ile ·to nop.~biologiciil U;e., plzysic~ and cb:ei)]i2;n) woriitqri:hg·a:s well (Kau 1993, Barbour et al. 
1996a). ·· · · 

I 

The actual assessment of biological condition is ongoing and becomes cost-effective onc:e Phase 1 has 
be~n cpmpleted, an,d the thresholc:ls for determiniilgattainment pr··~on-a~ainment {~painnen~ l;lave 
b~en.e~t$:bW4ed. ·.The e$t~blisfun~cit;()fl"~{c:r~~W~9ori:ditions··(thro~gha~t#al.sit~s p{ptper•Ir1eapf)•is 
crucial t0•the deterinmation of rii.Mdc in.d mdex thresholds. Tilese thresholdS ru:e ·essential elements in 
peffo~~ the: ass~~siiiel1i .. Itls pb~~ibie tl1J£ r~fete~b~ t811clifi~~- (~a·r~§Ji~t· tbteshdl~s} ~il1l1eed 
to be est~blisljed on a seasonal bas~~ to accon;rrnodate year-rqund .sampling ab.d assessment. If data are 
avag~Q1e, a dt>,se/response relationship l?,etw~en sp~cific.or 9pmril~tive stressbrs and"biological 
90,:P,clj.\,ip];l w,ill pi:<;ryj.d~ in:(OJ:IJ;l~ti()p. 0:0. a gi:<~.gfe,nt respqnse, w,hich qin be a powerful mei:!118 of 
determining impairment thresholds. 

The 2 phases in data analysis for the multimetric appro3:ch are discussed separately in the following 
section. The reader is referred to supporting documentation cited throughout for more fu-depth 
discussion of the concepts of multimetric assessment. 

.9.1.1 Metric Selection, Calibration, A11d Aggregation Into an Index 

The deve~opment of biological indicators as part of a bioassessment program and as a fra.rriework for 
biocrih~na is an' iterative process wliere the site classification and metric selections are reVisited at 
various stages of the analysis. However, once this process has been completed and the various 
technical.issues have been addressed, continued monitoring becomes cost-effective. The conceptual 
process for proceeding from measurements to indicators to assessment of condition is illustrated in 
Figure 9-2 (Paulsen et al. 1991; Barbour et al., 1995; Gibson et al., 1996). 
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9-4 

, .. :l!lW<~W~:t;J.~W~f&':f,~:;~~~tion 
.. ,,,, . ~:~~f~~ .. . . . ,., ' ete'~ aqp~J;ic.·ass'eiii .•. jie \:an 'be eith~;r aggre$ated into an 
a~ iiidi#t~?~f:m~*~W.:es. 

earn Classification=..T:fle 
ili~fa~l?'~f~}l~~~rp:·9fi?up 

.$ s)tes intp horJ1qg~nequs 

2. Metric ld~:Jntifioatililn _.Those 
Cal)~(~j'i~e atiribuie:;; that are . 
e¢61ogii:ally d~levant-to as:;;ewblage 
~fill'*oqgeq9r~phy·ai-e'iqeifitiffed 

3. Metric Calibr,ation-Cor.e metrics 
are '\hbsinhatafe ~ensitiifeJo 
pollulioii"~i!lid 'are informative ofthe 
~9diqglo.~(reli:lti6n·ships of the · 
ass·em~lage ·to speCific :;;tressors or 
cumulative Impacts 

\ 
4. Index Development-Core 
metric:;;, whose val~es vary in scale, 
are transformed \O (limensionless 
numbers for aggregation 

5. Thresh.old Ji=!ltablishrnent-The 
threshold (biocriterion)·of the inclex 
for discriminating· bel\y~en impaired 
and unimP<Jired is del!1rmined to . 
provide a basis for assessment 

' :-·. <: .• · •• 

FigQre 9-2. Process for developil1g assessment thresholds {modifiec;l from Paulsen et 
al. [1991] and Barbour et al.. [1995]). Dotted lines indicate use of individual metric 
information to aid inthe evaluation ofbiological condition and cause of 
impairment. 
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Gl~sitic~tion is best accoll}p~i 

-~~~~!L!~ 
wa,t~ 'cl;lemi$try are usyd as .th.e qg§;i~ for 
str:¢~ , classification. Qgf!flti'P.~'tiv¥ ~rlteria for 

~ti~~l11~'' 
,l9~7}is presented below (a refetel;l~e,site 
must).neet al112 criteria): 

1. pH ~ 6; if blackwater stream,,tlien pH 
< 6and DOC~ 8mg/l. 

2. ANC l1: 50 !leq/1 

0 

0 

0 

0 
§ 

2 3 4 5 

Slra;mOder 

8 
8 

6 

5 

3 

3. DO~ 4ppm 

4. nitrate ::; 300 !leq/1 

Figur~ 9~3. Species riC!:rrtess versus stream size (taken 
from Fausch et al. 1984). , 

5. urban land use::; 20% of catcb,ment area 

6. forest land use~ 25% of catchment area 

7. remoteness rating: optimal ;or suboptimal 

8. aesthetics rating: optimal or SJiboptimal 

9. instream habitat rating: op~imal or suboptirp.al 

10. riparian buffer width~ 15m 

11. no channelization 

12. no point source discharges 

Sites are initially classified according to distinctive geographic, physical, or chemical attributes. 
Re:fip.ement and confirmation of the site classes is accomplished using the biological data (Figure 9-4). 
Classification is used to determine whether the sampled sites should be placed into specific groups that 
will minimize variance within groups and maximize variance among groups. As an example, 3 
,ecoregionally based delineations (bioregions) were effective at partitioning the variability among 
reference sites in Florida (Figure 9-5). 

Components of Step 1 include: 
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<'1 
,::: 
0 
'til 
,::: 

8 
A 

1;2 

o.s· 

Q,4 

0.9 

·P•4 

•Q.8 .. • 'l'l·· 

Evaluate chtssifj.cation a:Ite:rnativ:es and determ.il.1e· best, distinq:tion :(nto gro).l;ps or cfasses ·using 
bi<;)lqglca1·data.' :Byconfrrlningresource Classification based ori biological data, site classes are 
idc;:riti'n~d J:P,at adequately pa,rtltion variability. 

Step. 2 .. X~entitt PotentialMeasu:r~s.For Each Ass~~lil.~ge 

A metric is a cl:taracteristic· of 
the b:lotfl that changes in spme 
predidtab1b'··waywHh in:creased 
human inlf!.uen:ge. 

Metrics allow the investig!ltor to use meaningful indicator 
attributes in assessing tlre status of assemblages and communities 
in. resp9n~e .!o wermt'?~~ol0. Th~Ar~tion. ora ~e~c is a 
charactenstic of the b1ota that changes in some predictable way 
with increased hu.fnan i:titiuence (Bru:-bour etal. 1995). For a 
metric to be useful, it must have the following technical attributes: 
(1) 

ecologically relevant to the biological assemblage 
or commupity under study and to the specified 
program objec:tive13; (2) sensitive to stressors and 
provides a re13ponse that can be discriminated from 
natural.variation. 11he pmpose of using multiple 
metrics to. asse·ss bidlogicaJ.·•cortdition is to 
aggregat~ and convey the information available 
regarding the elements and processes of aquatic 
comniunities. 

All metrics that have ecological relevance to the 
assemblage under study and that respond to the 
targeted stressors are potential metrics for testing. 

9-6 

.Summer 1993 
28.-----~------------. 

::C: Non·Outllor Max 
f:jo~:O.iJUior Min 

c:::J 7~% 
25% 

P;nihandle ~ehihsi,Jla Northeas~ o Median 

Figure 9-5. An exainple of a metric that 
illustrates classification of reference stream sites 
in Flori!ia jnto bioregions .. 
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The p,otenti~ rn~c:l,S;ures ¢.at a.+e J;elev~t to the eciology of streams within. the region oJ; state should be 
se~eitt4 ~o ~P:·%Br¢ i:liat vatiops a,sp~_ct~ :of th~ ele#lenis at+d J?!09esses oftl:le agp~~c asse:rp.bla,ge <~re 
adQt~$se.Q:; :R~r.~s~nta:tive fu.em"Cs ·shpilld"Qe.cselected·:from each of 4 •P:IiP:larY · cate.g;qries: (l} richness 

C~mporre11ts qf.St~p ·2 include: 

Rev}e':Y.Yfi);ue ~ap,gf:sQfpotel}tial.wetrics,,:md elilninate those.fuat have .too.w~Y zero valpes in 
the p(?ptii~#on bfi:bfe~~'ri.c~' sites to' calbilat~ the me~c at a li#'ge e:tiough proportion of sites. 

Use • c:l~sfri,ptiye s~a,:ti§tip~ (centr;i);~t<:md~ncy, r~g;e, d,is:tJ:ibution, o11tliers) to ch~acterize metric 
per:formaiiC:e \ii:1thi.fl fl}e pop1Jlatibn ofTefefence sitE<s of'each site class. 

Eli'tninate metrics thathave too ·hi~h variability in the referenc,e site population that th,eY .can not 
disbrir.ni:n,a,te ru:nongsites ofdiffere:nt condition. The·potential for each measure is based on 
pp~se§~jgg· ¢D;q-qgh irlf,o@a,ti<:>IJ,.~d a specific range ofvariahiljty to discriminate among site 
dlj$s¢s :UidboloSica1 cond1tlon. .. . . . . 

Step.·3. Select Ro:b,ust Measures 

Core metrics are those that will wscriJ;nin,ate between good and poor quality ecological .conQ.itions. It is 
im.portanf'to l.iridersthlld the effects dt' various sttessors on the Mlia:Vior of specifiC memes ... Metrics 
that <II"~ re~ponsive to specific pollutants or stressors, where the response is well-cparacterized, aJ;e 
most useful as .. a diagnostic tool. Core Ip.etrics are those that represent diverse aspects of structure, 
composition, individua:l.J:1ealth, or processes of the aquatic biota. Together they form the foundation 
for a sound, integrated ana~ysis of. the. bit>tic condition to judge attainment of biological criteria. 

The ability of a bi0logjcal metric to 
discrimil;ate betweeri ''lmo'Wll" 
reference conditions and "laJ.o'Wll" 
stressed·conditi6ns'(uefirtedby 
physical and chem;ical characteristics) 
is crucial in the ~election of core 
r.netrics. forfu~re:a,ssessments. 

Discriminatory ability ofbiologic;li metrics can be 
evaluated by comparing the distribution of each metric at a 
set of reference sites with the distribution of metrics from a 
. set·of "known;' stressed sites {defined by physical and 
chemical characteristics}within each site class. If there is 
minimal or no overlap between the distributions, then the 
metric .can be consiqered to be a strong discriminator 
between reference and impaired conditions (Figur~ 9-6). 
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~s W:f\~ ~~qJ.:le .:witlf c.~9i:f'18:te. ~~f~~e~w~ ;$ije,$.{~~~ .SJ~p • t);. ~m,t~.v!fl:,~@ ~$'mbJ,~i4e!;l~to id~w,tii'y:a JJ,Op:U:l~t;ion 
ofo '~~R~~~~~)~~·~\'~i~;~~~-~:'"··/: ·: · ····~N;:~~~7?~§~I-?~l.\~~~*~G,$;'~'f.,~~~®P:~n .. Ai1;¢f(~pk s,et of 
cpt!iJna -~~tfl.)l$h~d o.:n .. · .a.wA~ o. . . , foli wlii,oh-.':f~1t(re J+~,Qic .ted:a ~tte~~l:ld Slte for tes:ting 
cUs9rlu.iin.~t6ti>:'P~ower · (R~th \:It ~.t · t£19'7) :ts.- .as M1o.w,s; 

pH ·~ 5 m1-d ANC :;; 0 ).Leq/1. (ex.cept for blackwater stre~s, DOC ~ 8 mgll) , 

DO:;; 2pp:m 

ni'f;J:ate > 500 pM/1 ®d DO < 3 J?Pm 

instre.am)J.abitat rafu?:g 'P9Pr and •t;Wbf!11lap@ use > 50% of catchment ~ea 
i:riiltream t~i\)itat :ra,@g p~pt~cVb~ st~"!?Wty rating .popr 

:instream habitat ratin,g._poor and chapn.el alteration rating poor . 

I 

Ta~l~-~0,.. ~QmeJ~~!~nti~I.me!J1i~~.fQr.,pe~!~llY:!;~:q1 :Re~~4,i~-mac.~o.~nv~rt~kr:.~!~§~c~P.~ -~~~•-~hat could be 
co~*!~~:f~d·'fi;r~tte~liis. · Rc~(J.~ridilncy· ~a,n ·l)e· ev~Wiite(l' d'tifiD.~ t)ie'c#JU;H:~tionpf!:ase to el~xpinate 
ovedappitige.-qietrics' 

• :,,. •:·>:~·.,;,. ' • . . ' ..• 1 . ' ' -

Ri!lhne$s Measures 

• Total no. pf~a' 
• No. ~fc.oinl,l}pn 

nondiatom ~a 
No; Of diatom taxa 

• No. Total taxa 
• No.EPTtaxa 
• No. Bphemeroptera 

taxa 
• :N:i>. Plecoptera taxa 
• No. Trichoptera taxa 

• Total no. of native 
fish species 
No. and-identity of 
darter species 

• No. and id~1ity of 
sunfish spepies 

• No. andidentity of 
sucker species 

. : ·.·,.,·.·· 

• % _il0llW;lUnity 
sh1;ijl.ap)Y 

• %Ji'vedi~toms 
• Di~!9hl (Shanpon) 

Oi:Yefsity inaex 

• %EPT 
• % Ephemeroptera 

% Cbiionomi:dae 

• %pioneering 
species 

• Number of:&sh per . 
unit Of sampling 
effort related to 
drainage area 

Tolerimce Measures ·,,. ;. . . ~ . '. ' . . . . . . 

• %-tolerant diatoins 
% $~tiSitiy~:tiiJ(a · 

·% iiBetritilt diatoms 

-~~~~ti~fb~~b 
% li!dilbiqptic 

• No,Jntolerant Taxa 
• % tol~r@tDrgaJJisms 
• !PJsenJ1nf¢:Sioiici 

I!!~~~ _(I:I:BJ} 
% Pol:i:rifiant Taxon 

• No. and identity of 
:intqlel1l,llt~p~cies 

• %of :inili~i;h,tals as 
toJ:etillit '8pii¢ies 

• % ef indiViduals as 
hybrids 

• %'ofindiViduals with 
disease, tumors, fin 
damage, and Skeletal 
ano:rnalies 

:rf6p~~c!li~"'it 
:~~~.~t,uies 

• % moJile taXa 
• ¢111Pronliyu ! 

-% S!ipr0Eibntic 
%t:ltlttophic 

• No. Clinger taxa 
%fi!}ng!lrs 
% }lilterers 
%Scrapers 

• % olllllivores 
% insectivores 
% top carnivores 

Step 3 can be separated into 2. elements that correspond to disc;;rim.ination of core metrics (element 1) 
and determination of biological/physicochemical associations (element 2). Components of these 
elements include: 
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$idl~Ct core meastir?s 
tiziti- a;e.'b I \~/ · 

_,.,.. . ' ':.•· ··' ·,. 

· ~~;;!~!l:¢~~~ition 
"' ~ 

J,-

li: w 

1!i 

14 

;1 

10 

·s. 
). 

?. 

! l)~t~e which biqlqgical metrics best .di.scJ:iminate between the reference sites 311d ~ites with 
i&~rttffied antbropog~m~· stressors. ·· ·· · · · · · ·· · 

Tho.se metriqs havip.g 'fuy st:rongest disc~atpry power will provide the most con£dencein 
~siess~g qioloildrutco:O:airlon oi unkno¥lil sites. · 

Element 2 Determine the associations/linkages benveen candidate biologicr;zl and 
physicochemical measures 

Plpt relationship ofrnet:¢.c val),les aga~t various sp;essor categories, e.g.; chemical 
corice~tra66ns, habitat donditi6rt arid;tither mea:s1rred stressors. 

L_ Ifde~A"ecl, multivariate ordination models may be used to e~)lcidate gradients of response of 
metrics to stressors. 

Monotonic relationships between metrics and stressors allow the use of extreme values {highest . · 
or lowest) as reference condition. . . 

Some :metrics may not always be monotonic .. For example, total biomass and taxa richness 
Vall1es may ex~eed the reference at intermediate levels of nutrient enrichment. 

Multiple metrics should be selected to provide a strong and predictable relationship with stream 
condition. 

An index provides a 
means of :integrating 
information from a 
composite ofthe various 
measures. ofbiological 
attri"butes. 

Step 4. Determine the best aggregation of core measures for 
in4icating status and change in condition 

The pm;pose of an index is to provide a means of integrating 
information from the various measures of biological attributes (or 
metrics ). Metrics vary in their scale-they are integers, percentages, 
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sites r~pr~sei11W.t aj~ra'C1\~)it ·Of eondiHoiis··f~ used. '11,'J.s si~~til:)it is apat9ggus :t9 a '4~te.rinlll*tion. of a 
dose/response.reia~6n$hiP and depends on the ability of hi~·oipor~ting both ref~fen<::e and non-reference 
sites. 

Aggreg51tion of.mef;tic s,epres sin1plifies, ,:p:Ian,agement and decision::makin? so .j:hat a siJJ,gl.e index value is 

~=~::~~~J:~ ~::r~:{§f:f.dj.J:~;£c~I~~nti,~:v~:£4~b1e~~d~!;t~=~$ on the 
judged. as "optim~" or ''excellent" in condition,. The exa()t n;:J,ture of the action n¢eded (e.g.,_ restoration, 
:mitigation, pollution emo:rcement). is not deten.nine~lby the index value, butby analyses. of the 
compQ)lentmetrics, in addition to the raw data an<:l mtegra.ted with otherecolpgical ffifonnation. 
thetefore, fue,fudek lS not the sole 'detenniri.ani ofnnpamnent and diagnostics, but when used in 
concert with the .component 
information, strengthens the 
assessment· (Barbour et al. 
1996a). 

Components of Step 4 include: 

9-10 

Determine scormg critS'ria 
for each mettic {within 
each site class) from the 
appropriate percentile of 
the·da:ta ·distribution 
(Figure 9-7j. If the metric 
is associated with a 
significant covariate such 
as watershed size, a 

maximum,___. 
(i) -"t- '95th percentile --------~-

. ,L 5 4 
El 

3 

0 

3 

2 
(

observed value X 100 ) 
95th value 

0~-~~-----+-----r-----

All 
Sites 

Trisection Quadrisection Percentage 
ofstahdaro 

Scoring Methods 

Figure 9-7. Basis of metric scores using the 95th percentile as a 
standard. 
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as. 
~ 

90r.~~iS.I:¢nt:l:Y "'''""';'""<'. a 'fa:ir or p.oor rating, 
site . , . . • . . • ·.·. ·. .. . gs tp,Jts :p;rop,er 

Pgfafive reference site~ may be rated 1'poor" 

Nat:t~t~Jtw~~;.ri~l.J,Hity ·~ owirig to,.~.e:i~s>:Q~, §P?-tial, anq <J:p:n,c\o:p.1 biological eve:nti>, aJJ.Y ref.erence 
s~t!1:ttl~:5"1§qoie ~~1ll)w'the··t~f~f~PS ., . .. · · ·· ':J;toR 16t4 pe.rc.irittle. · If due to natutal vwabtlity, a low 
·sc:ior~;$~~ufo oc'cur·l0% 6t:are::.~~:. . . . 

ImP.iiirm:~:nt- stJ;e~sors that were nQtdete:gted in previous ~~piing or surveys may occur at a 
,.,.·,.'·· 

100 

. ~Q 

80 

70 
" ' ' ,.,~ '.' '~ '' . 

90 

50 .................. -~~~~----~---~--1-·-·· 
40 Poor 

Poor 
30 

20 

CJ.) 10 Very Poor Very Poor 

II-
0 0 
(;) 

(/J 
Reference . 'stressed 

Rockies 
Reference Stressed 

Slack Hills 

-~-
100 

"G 90 Very Good 0 Very Good 

.Q 80 

70 

60 

50 

40 

30 

20 

10 

0 
Reference 

Plains 
Stressed Basin 

Stressed Reference 

)iljgu.re 9-8 .. Disctitriip~Jpey~~w~r.~naJysi~ Qf th;e w.yQmin,g,:Se~tbic Im:J._e~ of Biotic 
:llifegrity,. The po:P~Iatlon o~:~t~e~~~a sites w~s detev~ine~ ti}ifioi-i. The :z~rn . 
p~f(l~ntile of tli;e l:eference. <Jj~t on. detetmin~d .the tlire$:Jlold, or se1>aration 
lletween '1good;; ail<t.~'fair';· c'Qn,· n ta'tiings • .Alb>ther condition rathigs resulted 
fr6m eqnidi~ta~tseclio:qi:n.g,ot'fh,e re;mai'nibg.index.range. the shaded region 
repres~ilts the 90% conf1dence ~ts around a si}1.gle observation (no replication) 
falling near the criticaHhreshold. 
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.• ·#~#;bi;;:s~~i;Jo: :~~plei eniso:~c.i19n~poblt7SO~~e poilutibn or; hlstqi#@ CQ~t~~qn···-

ltr£:iS!:Sati:.:t.~E.i'?J~;?tr~~~, 
beep n:Usciassifieg an,& ilPtm1Uy oekmg to aiiother class of strea:rp.s. . 

An 1J::t1ClY1J,S,t~O~g ()fva,riaqi),izy'iS.,D:e.q~ss.arytp. eft~m'~<fu~t S,~te~ frl~t.¥~ :tle~;t)le !}1IC)~po}d·are rated with 

!:&,~tlaWl!tit~~~ 
···lt;i~~~t1illiilii~S~~ 

rri.e~S11rement error is normally distributed, 

·l11(;)1J.Surement error is not affected· by. suhecot~gion or impairment, and 

tlJ,e S!@.ple standard deviation of repeated fl1easures is an unbiased and precise estiniate of 
popil:laHon measurement error. 

Compo:o.-ents of Step 5 include: 

The nmge in possible-scores :for eac:P, stream class is. the minimun1 number of metrics (~:fa score 
of 1 is assigned to greatest level of degradatio:p) to the m~um aggregate of scores. Pentasect, 
qu~Qrisect, or trisect this range, depending on how many biological condition categories are 
de~ired: · · · · 

Evaluate the validity of these biological condition categories by comparing the inc:Iex scores of 
the.reference and known stressed sites to those categories. If reference sites are not rated as g<;>Od 
or very good, then some adjustment in either the biological condition designations or the listing of 
reference sites may be necessary. · 

Test ;for confidence in multirnetric analysis to determine biological condition for sites that fall 
witJ::rin close proximity to threshold. Calculate pre~sion and sensitivity values to determine 
repeatability and detectable differences that will be important in the confidence level of the 
assess:tnent. 
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9~1.2 Assessment of~~~gt~g~~~~ Condition 

Onc:e the frfll:U~iW~P:\C:fot pio~~~~$;$,t#~pt. j~ W. place, conductililg biqasse$Sll).e;n~ be,c:Pl;l;l~,l;i reJ~tive)y 
straightforward .. Eith.er .. ~.t~~e~¢.~'f#r&~$.P- that·:focuses 9n .~ite~s~.~oi;fio ptb}),l~~s.:<!?r ?:pto~~piji~-:b~ed 
design, which has a. pompqnei::it qf'fandomness and is appropriate for 305'(p), atea,''>Hde), and watershed 
rn911itp:rffi.g~ canb¢ qone;.e:f:tlcientlx. Routine monitoring ofnifeten~e.sites sho'!ll~::be b~ed.,ep,,liJ.r?,11dom 

if~~i!~ltfif2~~r!t1!EJl~tf.:~d. A 
- rap4Q~~4 srl!:>s~J qfief~t~ce. ~it~s ~at!. be resarru?led at s9me re~ar intervai (~.g., a 4 year cycie) to 

provide hit'o:nUation on ttends in l:e:ference sites; ' . 

A reduceq. effortjp. mo:nitoring refer~nqe sites allows more inves:t7Pent qf P.me into assessing other 
s~ea,n1 reaches an<]. p~6biein $ite~. Through u~e of Geogra:phjoal I;mfo!tflation System (GlS) and station 
looat;i'on cp.des, ass·e.!is:t;A~11t sites tlrroughdu.t the state can be ranclop::lly: selected for samplit:lg a.s is being 
dq;n¢'for therefbtenc'e·sites. This·P,ro~edure willprovide a statiStic;hl:lyvaljd means of esti,lllating 
attaitiment ofaC:J;ua,ticlife 11se forihe state's 305(b) reporting. In addition, the muJtimetric index will be 
helpfu.l for· t8Jig¢te.d s~ling at ~ecif!,q :(Jroblem areas andjudwg biological con.dition wifu ·EJ. 

procedll!e. th?-t has h<;.en c:alibtatetl :J,"egj,()!lally (Barbour et ;:U. 1996¢). To evaluate possible influences on 
the biologic<:tl ¢onditicm ofsites, :relatlorwhl,ps among total bio~sessm.ent ;cores and physicochemical 
vilri~~l~~ c,an 1ie PtY~*BJ~,~t~.d. 1;11.~We ~~1~~io~lrips may indicate. ~e inflJ.lence of :pat;t~culaJ." caF~gories of 
stiessoi:s 6ri. the bib1'0gfdal cortilltr6i1 ofmdlvidual sites. :For example, a·strong n~gan:v-e · obrrelaii:on 
between total.bioassessm.ent score and embeddedness would suggest that siltation from nonpoint sources 
could be affecting th~ biological con9ition at a site. Considerations relevant to assessment and 
diagnostics ofbioiogical condition are as follows: · 

Evaluate fue relationship of biological response signatures such as functional atttibutes 
(reproduction, feeding group responses, etc.) to specific stressors. 
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· ... ·.: .' .. '' 

~xplore the r~la,tion~hi,:p<P.et;vv~:~lf':W.S.tPtiq~·ob?I:J,geiB"Q~()ta and change in landscape 
(e;g~, u.se av$l1a~le :m§iori2;0, d~~ frqm tl:re· ~fa,t~ o;r.regio:n). 

, • :. ;· ~::·. \' , : :~ :'. ··.. :, '• •• ; ' ,r , , , :. • ~·" 

One orrnJ)~e 'd}:scnmiJ1antfunction mb~~~s ate devel<;lped fr~m tl},e tr:~ir,rir.J.g set, to predict class 
menibersllip froin biol()gical data. ~er develQpl11eiit, the mqdd is apP,11ed to the 'co~ation data set 

:4~~~=~~~~~~~c;~;::ei~~d~~~~~~~;4:,t-1;~t~i~~~;;;:~~~=t::J;~gis 
·in ~n.y textbook on multivariate statistics (e.g., Ludwig and Reynolds 1988, Jongman et al. 1987, 
Johnson andWichem 1992). · 

An eX!linple oftlris approach is the hierarchical decision,.1Ul:lking t~cbp,ique used by Mainel)EP. It 
begins with statistical models ·(linear discriminant analysis) :to make an i!P.tial prediction of the 
classi;fication. of an unknown sample by co:rnparing it to characteristics of each class identified in the 
baseline ciat~b.a.se (Davies et al. 1~93). Tb,e mitput fro1U analysis :Qy the primary statistical model is a 
list ofproqa.bilities ofwembership for each offqlli' g;rou,ps 4esignc:l_ted as Classes A, B, C, and 
nonallitinment (NA) of Class C (Table 9"'3), Subsequent models are designed to .distinguish between a 
given dass and·any higher Classes ~s orte gtbuj:); and any lt>we:t classes as a second group. 

One or more discriminant models to precJict class membership are developed from the training set. The 
purpose of the discriminant analysis here is not to test the classificatio11 (the classification is 
administrative rather than scientific), but to assign test sites to one of the classes. 
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;·,· 

an . Jj~~i.t~t~a.'fur~l.' Aqu~tic lilfe as 
.p,atlu:ally occurs. 

A 

' 

Goodqri.~lity wat~t. Pischatg¢ of,well ··• ·ff~~~tat ~ip.ip~lhr i,ryj~~~~e~;. :~"b~~~t · · 
,J~~:r-uent With ample dilution ~~~'~s b¥Jif~a~b'lenHo· p~ott;\1fe 

B B 

;; "iE~~~:~.·¥~ : .l?~.~rr~J.i. ~11.~~~es 
r-~~~~~~~~~~~~~~--~~~~~~* 

c 

NA 

· ':f,ow~~twater quality· 1\1ainmh1s the 
W:tefim· goals ofthe·FederalWater 
Quality Act (fishable/swji):llllable), 
;pjscharge of well-treated effluent 
Peimhted. 

... ~ '· 

Am~ie;nt wat~(qq~liiy .. 
· 'suPPo:tit'life·stagesFofiili igenous 
J1~h species. Ch.~nge jn PO;m;n1,Unity 
'composition m~yqcc:Jlr but structure 
arid function of the. conunuD;ity must be 
,;rti!fihtajned. · ;.,_ ····.·, . ·.-· 

c 

Not attaining 
Class C 

Maine biocriteria thus establish a direct relationshi,p betWeen managem,fm.t objectives (the j:bree aquatic 
life use cl~sses. and nonattainment) al1d biological measure.ments. 'th~ relaJ:ionsbip is immediately viable 
for managei:nent and enforcemerifas io:d,g'as the 'aquatic life use cia;~esr~mhlhlli.e sarii~·: ''fflli~ 61asses 
are redefined, a complete reassignment of streams and a review 0f the calibration procedure would be 
nec.e$sary. This approach is detailed by Pavi.es et al. (1993). 
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I 9.3 RIVER INVERTEBRATE PREDICTION AND CLASSIFICATION 

SCHEME (RIVPACS) 

RIVPACS and its derivative, AusRivAS (Australian Rivers Assessment System) are empirical 
(statistical) models that predict the aquatic macroinvertebrate faooa that would be expected to occur at a 
site in the absence of environmental stress (Simpson et al. 1996). The AusRivAS models predict the 
invertebrate communities that would be expected to occur at test sites in the absence of impact. A 
comparison of the invertebrates predicted to occur at the test sites with those actually collected provides 
a measure of biological impairment at the tested sites. The predicted taxa list also provides a "target" 
invertebrate community to measure the success of any remediation measures taken to rectify identified 
impacts. The type of taxa predicted by the AusRivAS models may also provide clues as to the type of 
impact a test site is experiencing. This information can be used to facilitate further investigations e.g., 
the absence of predicted Leptophlebiidae may indicate an impact on a stream from trace metal input. 

These models are the primary ecological assessment analysis techniques for Great Britain (Wright et al. 
1993) and Australia (Norris 1995). The models are based on a stepwise progression of multivariate and 
univariate analyses and have been developed for several regions and various habitat types found in !otic 
systems. Regional applications of the AusRivAS model, in particular, have been developed for the 
Australian states and territories (Simpson et al. 1996), and for streams in the Sierra and Cascade· 
mountain ranges in California (Hawkins and Norris 1997). Users of these models claim rapid turn 
around of results is possible and output can be tailored for a range of users including community 
groups, managers, and ecologists. These attributes make RIVPACS and AusRivAS likely candidate 
analysis techniques for rapid bioassessment programs. 

Although the same procedures are used to build all AusRivAS models, each model is tailored to specific 
regions (or states) to provide the most accurate predictions for the season and habitat sampled. The 
stream habitats for which these models have been applied include the edge/backwater, main channel, 
riffle, pool, and macrophyte stands. The multihabitat sampling techniques used in many RBP programs 
have not yet been tested with a RIVP ACS model. The modeis can be constructed for a single season, or 
data from several seasons may be combined to provide more robust predictions. To date the 
RIVP ACS/ AusRiv As models have only been developed for the benthic assemblage. Discussion of 
RIVP ACS and AusRivAS is taken from the Australian River Assessment System National River 
Health Program Predictive Model Manual by Simpson et al. (1996). As is the case with the 
multimetric approach, a more thorough treatment of the RIVPACS/AusRivAS models can be obtained 
by referring to the citations of the supporting documentation provided in this discussion. 

·The reader is directed to the AusRiv AS website for more specific information and guidance 
regarding these multivariate techniques. 

· http://ausrivas.canberra.edu.au/ausrivas 
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10 
DATA INTEGRATION AND 

REPORTING 

Hut'nan impacts on the biological integrity of water resources are complex and cumulative (Karr 1998). 
K.arr (1998) states that human actions jeopardize the biological integiity of water resources by altering 
one or more of five principal factors -physical habitat, seasonal flow of water, the food base of the 
system, interactions within the stream biota, and chemical quality of the water. These factors can be 
addressed in environmental management by shifting our focus from technology-based to water 
resource-based management strategies. This change in focus requires a commensurate shift from the 
measurement of pollutant loadings to a measurement of ecosystem health. Biological assessment 
addresses ecosystem health and cumulative impacts by concentrating on popuiation and com.thunity 
level response rather than on discharger performance (Courtemanch 1995). 

The translation of biological data into a report that adequately conveys the message of the assessment 
is a critical process. It is important to identify the intended audience(s) for the report and to bear in 
mind that users of the report will likely include groups (i. e, managers, elected officials, communities) · 
who are not biologists .. Reports must be coherent and easily understood in order for people to make 
informed decisions regarding the water resource. First, the data must be summarized and integrated, 
then clearly explained and presented. The use of a multimetric index provides a convenient, yet 
technically sound method for summarizing complex biological data for each assemblage (Karr et al. 
1986, Plafkin et al. 1989). The procedures for developing the Multimetric Index for each assemblage 
is described in Chapter 9. The index itself is Qnly an aggregation of contributory biological 
information and should not be used exclusive of its component metrics and data (Yoder 1991, Barbour 
et al. 1996a). However, the index and its component metrics serve as effective tools to communicate 
biological status of a water resource. 

10.1 DATA INTEGRATION 

Once indices and values are obtained for each assemblage, the question becomes how to interpret all of 
the results, particularly if the findings are varied and suggest a contradiction in assessment among the 
assemblages? Also, how are habitat data used to evaluate relationships with the biological data? 
These questions are among the most important that will be addressed in this chapter. The integration 
of chemical and toxicological data with biological data is not treated in depth here. It is briefly 
described in Chapter 3 and discussed in more detail elsewhere (Jackson 1992, USEPA 1997c). 

1 0.1.1 Data Integration of Assemblages 

USEP A advises incorporating more than 1 assemblage into biocriteria programs whenever practical. 
Surveying multiple assemblages provides a more complete assessment of biological condition since the 
various assemblages respond differently to certain stressors and restoration activities. For instance, 
Ohio EPA found, in a study of the Scioto River, that fish responded (recovered) more quickly than did 
benthos to restoration activities aimed at reducing the effects of cumulative impacts (i.e., 
impoundments, combined sewer overflows, wastewater treatment plants, urbanization) (Yoder and 
Rankin 1995a). Although significant improvement was observed in the condition of both assemblages 
in the river from 1980 to 1991, the benthic assemblage was still impaired in several reaches of the 
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river; whereas, the fish assemblage met 
Ohio's warm water habitat criterion in 
1991 for many of the same reaches. The 
use of both assemblages enhanced the 
·agency's assessment of trend analysis 
for the Scioto River. 

In addition, using more than 1 
assemblage allows programs to more 
fully assess the occurrence of multiple 
stressors and seasonal variation in the 
intensity of the stressors (Gibson et al. 
1996). Mount et al. (1984) found that 
benthic and fish assemblages responded 
differently to the same inputs in the 
Ottawa River in Ohio. Benthic 
diversity and abundance responded 
negatively to organic loading :from a 
wastewater treatment plant and 
exhibited no observable response to 
chemical input from industrial effluent. 
Fish exhibited no response to the 
organic inputs and a negative response 
to metal concentrations in the water. 

Integration of information from each 
assemblage should be done such that the 
results complement and supplement the 
assessment of the site. Trend analysis 
(monitoring changes over time) is useful 
to illustrate differences in responSe of 
the assemblages (Figure 10-1 ). In this 
example oftheScioto River (Figure 10-
1), the improvement in the fish Index of 

20-

---· -1960 1 G · --:;)•, ~ 1991 
..........f.E--11196 

I . 

= 

Figure 10-1. Cumulative frequency diagrams (CFD) for the 
IBI (upper) and the ICI (lower) comparing the pre-1988 
and post-1988 status on a statewide basis from Ohio. In 
each case, estimated attainable level of future performance 
is indicated. The Warm Water Habitat (WWH) and 
Exceptional Warm Water Habitat (EWH) biological 
thresholds are given for each index, 

Biotic Integrity (IBI) and the benthic macroinvertebrate Index of Community Integrity OCI) 
assemblages can be seen over time (1980 and 1991) and over a length of the river (River Mile [RM] 
140 to 90) (Yoder 1995a). 

Biological attributes and indices can also be illustrated side-by-side to highlight differences and 
similarities in the results. Oftentimes, differences in the results are useful for diagnosing cause-and
effect. 

10.1.2 Relationship Between Habitat and Biological Condition 

Historically, non-chemical impacts to biotic systems have not been a major focus of the nation's water 
quality agencies. Yet there is clear evidence that habitat alteration is a primary cause of degraded 
aquatic resourc~s (USEPA 1997c). Habitat degradation occurs as a result ofhydrological flow 
modification, alteration of the system's energy base, or direct impact on the physical habitat structure. 
Preservation of an ecosystem's natural physical habitat is a fundamental requirement in maintaining 
diverse, functional aquatic communities in surface waters (Rankin 1995). Habitat quality is an 
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essenti.al measurement in any biological survey 
because aquatic fauna often have very specific 
habitat requirements independent of water-quality 
composition (Barbour et al. 1996a). Diagnostic eval 
are enhanced when assessment of the habitat, flow 
regime, and energy base are incorporated into the 
interpretation ofthe biological condition (USEPA 
1990b). 

The relationship between habitat quality (as 
defmed by site-specific factors, riparian quality, 
and upstream land use) and biological condition 
can be graphed, as illustrated in Figure 10-2 to 
enhance data interpretation. On the X-axis, 

"' 50 60 70 80 .. 100 

Habitat Quality 

Figure 10-2. Relationship between the condition 
of the biological community and physical habitat. 

habitat is shovm to vary in quality from 30 points, which is poor (nonsupporting of an acceptable 
biological condition) to 85 points, which is good (comparable to the reference condition). Biological · 
·condition, represented by the fish IBI on theY-axis, varies from 10 points (severely impaired) to 60 
points (excellent). Interpretation of the relationship between habitat and biology as depicted by Figure 
10-2 can be summarized by 4 points relating to specific areas of the graph. 

1. The upper right-hand corner of the curve is the ideal situation where optimal habitat quality 
and biological condition occur. 

2. The decrease in biological condition is proportional to a decrease in habitat quality. 

3. Perhaps the most important area of the graph is the lower right-hand corner where degraded 
biological condition can be attributed to something other than habitat quality (Barbour et al. 
1996a). 

4. The upper left-hand corner is where optimal biological condition is not possible in a severely 
degraded habitat (Barbour et al. 1996a). 

A relationship between biology and habitat should be substantiated with a large database sufficient to 
develop confidence intervals around a regression line. Rankin (1995) found th3.t Ohio's visual-based 
habitat assessment approach, .called the 
Qualitative Habitat Evaluation Index (QHEI), 
explained most of the variation in the IBI for the 
fish assemblage. However, Rankin also pointed 
out that covariate relationships between aggregate 
riparian quality and land use of certain subbasins 
could be used to partition natural variability. In 
one example, Rankin illustrated how high-quality 
patches of habitat structure in otherwise habitat
degraded stream reaches may harbor sensitive 
species, thus masking the effects of habitat 
alteration. 

An informative approach to evaluating affects 
from specific or cumulative stressors is to 
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Figure 10-3. Data from a study of streams in 
Florida's Panhandle. 
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ascertain a gradient response of the aquatic community using a bivariate scatter plot. In one example 
provided by Florida DEP, a gra~ent response of the EPT taxa indicated a strong relationship to 
nitrogen in the stream (Figure 10-3). 

· When multiple data types (i.e., habitat, biological, 
chemical, etc.) are available, stm ray plots may be 
used to display the assessment results. As an 
example, the assessments ofhabitat, 
macroinvertebrates and fish are integrated for 
evaluating of the condition of individual stream 
sites in a Pennsylvania watershed (Snyder et al. 
1998). The assessment scores for each of the 
triad data types are presented as a percentage of 
reference condition (Figure 10-4). The area 
enclosed by each sun ray plot can be measured to 
provide a comparison of the biological and habitat 
condition among the sites of interest (Snyder et al. 
1998). Tllis technique helps determine the extent 
of impairment and also which ecological 
components are most affected. 

10.2 REPORTING 

.. ,.. A . .,. . ... A .. ,. 
Station Station 

2 7 

%M %M 

.... A... .. .. A . .,. 
Station Station 

8 16 

Figure 10-4. Comparison of integrated 
assessment (habitat, fish, and benthos) among 
stream sites in Pennsylvania. Station 16 is a 
reference site. (Taken from Snyder et al. 1998). 

Historically, reports containing assessment results and recommendations for further action have been 
designed to address objectives and data uses relevant to the specific monitoring program. Increasingly, 
however, assessment reports are designed to reach a broader, non-scientific audience including water 
resource managers and the environmentally conscious public. Communicating the condition of 
biological systems, and the impact of human activities on those systems, is the ultimate purpose of 
biological monitoring (Karr and Chu 1999). Reporting style and format has become an important 
component in effectively communicating the findings of ecological assessments to diverse audiences. 
As pointed out by Karr and Chu (1999), effective communication can transform biological monitoring 
from a scientific exercise into a powerful tool for environmental decision making. 

1 0.2.1 Graphical Display 

Graphical displays are a fundamental tool for illustrating scientific information. Graphs reveal-more 
effectively than do strictly statistical tools-patterns of biological response. Patterns include 
"outliers," which may convey unique information that can help diagnose particular problems or reveal 
specific traits of a site (Karr and Chu 1999). Examples of some of the most useful graphical 
techniques are presented for specific biological program objectives: 
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1. Stream classification - a graph should illustrate the distinction between and among site 
classes or groups. Two common graphical displays are bivariate scatter plots (used in non-
metric multidimensional scaling) and cluster dendrograms. · 

Bivariate scatter 
plots-used for 
comparing the scatter 
or clustering of points 
given 2 dimensions. 
Can be used to 
develop regression 
lines or to incorporate 
3 factors (3-
dimensional) (Figure 
10-5). 

Cluster 
dendrogram-used to 
illustrate the· 
similarities and 
dissimilarities of sites 
in support of classes 
(Figure 1 0-6). 
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Figure 10-5. Use of multidimensional scaling on benthic data to ascertain 
stream classification. The first and second axes refer to the dimensions of 
combinations of data used to measure similarity (Taken from Barbour et al. 
1996b). 
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Figure 10-6. Example of a cluster dendrogram, illustrating similarities and 
clustering of sites (x-axis) using biological data. 
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2. Problem 
Identification 
and Status of 
Water 
Resource-
The status of 
the condition 
of water 
resources 
requires 
consolidating 
information 
from many 
samples and 
can be 
illustrated in 
several ways. 

Very Good 36.4% 

Good 36.4% 

Figure 10-7. Results of the benthic assessment of streams in the Mattaponi 
Creek watershed of southern Prince George's County, Maryland. Percent of 
streams in each ecological condition category. (Taken from Stribling et al. 
1996b). 

Pie charts-used to illustrate proportional representation of the whole by its component parts. Can be 
sized according to magnitude or density (Figure 1 0-7) 

Box-and-whisker 
plots- used to 
illustrate population 
attributes (via 
percentiie distribution) 
and provides some 
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Figure 10-8. The population of values of the IBI in reference sites within each 
of the ecoregions of Ohio. (Contributed by Ohio EPA). 

sense of variability (Figure 10-8). 
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3. Trend monitoring and assessment- Monitoring over a temporal or spatial scale requires a 
graphical display depicting trends, which may show improvement, degradation, or no change. 

Line graphs-used to 
illustrate temporal or 
spatial trends that are 
contiguous. Assumes 
that linkage between 
points is linear (Figure 
10-9). 

Cumulative 
frequency 
diagram-illustrates 
an ordered 
accumulation of 
observations from 
lowesttohig7lest 
value that allows one 
to determine status 
of resource at any 
given level (FigUre 
10-10). 
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Figure 10-9. Spatial and temporal trend of Ohio's Invertebrate Community 
Index. The Scioto River - Columbus to Circleville. (Contributed by Ohio 
EPA). 
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Figure 10-10. Cumulative distribution ofmacroinvertebrate index 
scores. 21% of sites scored at or below 60. The median index score is 
75, where the cumulative frequency is 50%. 
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4. A determination of cause-and-effect-
illustrating the source of impairment may 
not be a straightforward process. 

1 However, certain graphs lend themselves 
to showing comparative results in 
diagnosing-problems. 

Bar charts -used to display magnitude 
of values for discrete entities. Can be . . 

used to illustrate deviation from a value 
of central tendency (Figure 10-11). 

Sun Ray plots - us~d to compare more 
than 2 endpoints or data types. Most 
effective when reference condition is 
incorporated into axes or comparison 
(Figure 10-12). 

Box-and-whisker plots-used to illustrate 
population attributes (via percentile 
distribution). Distinction among plots 
illustrates degree of similarity/differences 
(Figure 10-13). 

Figure 10-11. Biological assessment of sites in the 
Middle Rockies, showing mean and standard 
deviation of repeated measures and the 
assessment threshold (dashed line). 
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Figure 10-12. Integration of data from habitat, 
fish, and benthic assemblages. 
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Figure 10-13. The response of the benthic 
macroinvertebrate assemblage (ICI) to various 
types of impacts (provided by Ohio EPA). 
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10.2.2 Report Format 

Two basic formats are recommended for reporting ecologi~al assessments. Each of these formats is 
intended to highlight the scientific process, focus on study objectives, and judge the condition of the 
assessed sites. The first format is a summary report, targeted for use by managers in making decisions 
regarding the resource. This report format can also be an invaluable public information tool. The 
second report format is patterned after that of peeNeviewed journals and is primarily designed for 
:informing a more technical audience. 

The Ecosummary is an example of the fust report format. It has an uncomplicated style and conveys 
various information including study results. The simplicity of this format quickly and effectively 
documents results and assists a non-technical audience in making informed decisions. An executive 
summary format is appropriate. An executive summary format is appropriate to present the "bottom 
line" assessment for the Ecosummary, which will be read by agency managers and decision-makers. 
Technical appendices or supplemental documentation should either accompany the report or be 
available to support the scientific integrity of the study. 

These Ecosummaries ·are generally between 1-4 pages in length and lend themselves to quick and easy 
dissemination. Color graphics may be added to enhance the presentation or findings. An example of 
an Ecosurnmary format used by Florida Department of Environmental Protection (DEP) is illustrated 
in Figure 10-14. This 1-page report highlights the purpose of the study as well as the results and 
significance of the findings. A summary of the ecological data in tl).e form ofbar charts and tables may 
be provided on subsequent pages. Because this study follows prescribed methods and procedures, all 
of this documentation is not included in the report but is included in agency Standard Operating 
Procedures (SOPs). 

The second format for reporting is a scientific report, which is structured similarly to a peer-reviewed 
journal. The report should be peer-reviewed by non-agency scientists to validate its scientillc 
credibility. An abstract or executive summary should be prepared to highlight the essential findings. 
As in a peer-reviewed journal article, the methods and results are presented succinctly and clearly. The 
introductory text should outline the objectives and purpose of the study. A discussion of the results 
should include supporting literature to add credence to the findings, particularly if there is a discussion 
of suspected cause of impairment. Preparation of a report using this format will require more time than 
the Ecosurnmary. However, this report format is more inclusive of supportive information and will be 
more important in litigious situations. 
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PHYSICAL CliARAC'rERIUTlQNA\!ATER QUALITY FIELD DATA SHEET 
_ _WRO~~-D 

wEA'r:IPilR 
CONDITIONS 

:,:;;;.;:.·._···;:;:;·~··.··.·.:r,·~·.'"' ·• :·,'·"".".-.-.• · ...... - ··1.• ·'· ··'s'';;;\';:'i:lii;,~·'· •• ~;·.o:;..1.'i.s· .; 
~'i-J.;Y,P"\;IV.WI'! . · , :t,i,.;•.,~.P-\Y,<;!'f.W£', "' 

Now 

' I REASON FOR SURVEY 
AM PM 

HnsJij~re been a lteavy rain in tltc last 7 days? 
Dyes ONo 

Air Temperature __ • C 
0 
ci 

.t:l 
%d 

sto)"P'! (P,.e~vy f<!in) 
J'<llll .~*4d.y r!Jm) 

sho~~rsr~i~!li!rii*ent) 
%clo1.1a ~ov~r 
¢Je~r/~QI1riy 

Other------~------
'-,-·- Q 

,.... . .. 

SlTE LOCATION/MAP' ; Draw a map.qftlte site. and indicate tlte areas sampled (or aj:tac.lt a pllotogrl!pb) 

STREAM Stream Subsystem 
CaARACTEIUZATIOl'i~ . 9-l!eremiial 0 Intermittent 0 Tidal 

Stream· Origin 
OGhiciaJ 
0 :Non-glacial montane 
13 Swamp and bog 

0 Spring-fed 
0 Mixture of origins 
OOther ___ _ 

Stream Type 
0 Coldwater 0 Warmwater 

Catchment Area, ___ -'Jan2 
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)Estitaieq~e~~.IIL;~#~.h ---. m 

···.Esti~.atedStre~ni·Wi~th ___ m 

; ~~=~e~~;~~:) . --·-.-m' 
--. _kffi2 

•. E~ti\ria,ted:Str~~~'~e:Pth -.-.-m 

i•sil~a¢eveiodity 
; .. (~t th~Iweg) · 

___ m/sec 

,_ ... ·-

·. I,Wp -·-· -. _m• 

L09N·~·~o)n;iwe:.:~r.gs.Ji;~o:~a:e~toe:.sion 
·••·· ... , .. , .. · '·"':j!AY~. ·. ,..,.,. C) Heavy 

· 8.~w~:~f~~~ o :Pan)y $ha,<;!ed o shi!ded 

#,i~,~.~;~t!~~~rk ~m 
EJ;~poi;tloii:ot::J.~:e;lch :Represented !)y Stream 

~i1~¥tgr·;ilij~s OR~-.-·_· __ %· 

Chail'iielizel:l QYes ONe 
: . ~- ·::· ... ~ 

~~ifsWOOPY 
. J>.~~~~-~ty ~rB~. ~m·~·.~'XJ?i r~~,f~. a.~~~? 

.,\Q]JATIC .. 
VEGETA:riON 

,.· .. ···,-·. ·"·-···· .. 

:_@~§~l:~~~~~i~J~a~t~e~il . .. .. ~~t~~tgmi~aii( s(~h~~Jt~tf~;:Jng 
··. OFloatiiig·Algae·· GFA ·.''.A'Ig.\e ... . . · ' 

0 Free :floating 

... -;r .. ·· ·_·.·-;' 

. ,·!lomll!ant~pe~i~s·present _"""7'_,.------------'--------

.i:r<!rpon of~h.ere~~JI wil'll :~,~u~t'~ veg~~a~on -.-. _% 

WA.TER Ql)ALITY 

SEDIMENT/ 
SUBSTRATE 

Teri.J!eriltu~e · ° C .. _, ... -.,-.. --. 
~'Specific Conduc~a11ce __ _ 

·Dissolved Oxygen __ _ 

,jlH'-. ---

~ .T~rbidity --... -. -.-

WQ Instrument ]Jsed ---.,----

:;.0dors 
· ONormal OSewage 0 Petroleum 

Water'Od&ts 
Gl'{o(iriii\IN:i:me .. OSewage 
D:P.il\i:oleum OC)lemical 
0 FiShy 0 Other _____ _ 

Water Surf 
DSlfck':··· 
O·Noiif 

Oils 
O_Globs 0 Flecks 

.:·~ ... ~~ ,.,___,.,"'--,.-----~---

OTurbid 
OOther __ _ 

neposi~s · · . 
GSjtitlJ!e .. O'Sawdust ()Paper fiber 0 Sand 

o,Chemica! O.Ariaerobic oNoi:\e 
,O.Otlier· __ ··-------------

oR.~J.i.st~l:l~lls q Other .. . . 

:!-ooking.llt~tolles which,are not deeply embedded, 
g'~~~~ tfnQ:Wges-black in color? .Oils 

P. Ab~ent 0 Sljg)lt C::}lvio~e:rate !:)Profuse 
.. _;.;· -:·• 

INORGANIC SUBSTRATECOJ\',lPONENTS 
(s~~iii~,add tt.P to 100%) 

o:RGANIC stffiS~TE coMPONENTS 
. (do~};'pot riec~~~~I1I~ ad(hip to 100%) 

Substrate Dfa~eter % CQmp~sition in Substrate 
· ·Type . SaiifpliJig Reach Type 

Bedrock DetrituS · 
~~~+-~~~~----4---------~-4 
Boulder > ~~g ~.00") 

Charac.teristic 

. sticks, wood, coarse plant 
materials (Q'GM) 

r-S~a~n·d__,~f:-,;Oi:';::0~6~.-iimm,.;;.'~·'··..,.c;;;:grJ;....tty..::· ~)----+------~Marl . grey, shell fragments 

siii ·· '6:0~b.Q6 = 
Clay < o.oo4~~ (slick) 

% Composition in 
Sampling Area 

A ~6 Appendix A -1: Habitat Assessment and Physicochemical Charact'erization Field Data Sheets - Form 1 

A01~24 f 

I 



I 

Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic 
Macroinvertebrates, and Fish, Second Edition - Form 1 

A0i0248 

A-7 



..... ~. -:.'-:-,· .. 

'·"'·:;,-_,_, .. ,, ... 

~l~~i.ti~$~$,:.S$1\:IE;NT }?I:Jj;LD•:QAT;ASiti:JtT-,.,JUG:liblOO)IE;NT•S;J';IlliAMS @:RON'l) 
.. ··. ·. · ~·:.:;,"{;·.::'r'· ·, .~:;_;::~·i~·:.~. L<. . ·, v . .. · 

""" .... . .. 
REASON FOR SURVEY 

AM PM 
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r' 
I 

/ 
i 

10; R;iparian 
Vegeta.tive Zone 
Width (score .each 
bank ripariail zone) 

SCORE_(LB) 

Total Score ___ _ 
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H~J.WA.OC·.~SS$S~~:NfEJ~L)) ::QA;;rt\.Sl!EE::r---,:,LOW· GRADIENT ·sT:RJiAMs (FROl~fJ:') 
·:-~:.--~:·:.:.~:;:;).=;_·~;(·:g~.·~;;''. / .. / .: .. · .... ' .. .. ·.··· .. : . ·. · ... .; .:: "'··:\:.;;'.'.:<·\<·.:;::.<.·. . .. ·..... .'.-,.-:· ' ' .. >~ .... · .. ·· . 

····---: ~§~~~~:S~:·•·~:~7-~::-~,"-::~ff.:2__S" 
:sy~'PiB;lfM1(~' -~ItUlli"E i • 

REASQN FOR SURVEY 
AM PM 
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l:lA$XTA!'ir ASS~$$1W'ENT· F~bDPi'ATA ·SH®ET-'-'-L0W ORAnlENT ST~AMS (:BACK) 
'.;'<": .. ·. ' ' · .. ·, · ... ': . ' - '.' . . ' ' • • . . " - ' . . 

lO. l.{ip;u•il\n 
V~getatiye ,ZQne 
Width (~iioie·each 
bank riparian zoqe) 

Total Score~---
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· :el!;mJ;J,~tr~~·:¥~~~·.i>.~wA: §m~r · 
....... · . ' <'·:., .. ;'~.:·.~ •• ~:~., ... )~~;t,::.;,,~::~: .. ··; 

:_:·: ·. 

. .... ,. 

qscraping p Oth.er~~~~-~.......,,...,-

~hwaiilng ,.Ofrom bank Qfrom boat 

> ~f.••.n .... l!~!l .. r. ...... a,!bap.:~.:i,a·t· ·.c·,9II~st.i~~~.' .. int!i~.·.a ..•... t .. l!.··~~~. :}t~.J.:n·: .. !>· ... e.r of s. aJ;Ilples tal!;epin e ... a,clr. ll .. a!>· ... ~t .. ;lt type. 
' r;J Sarid·Silt"Mua~:tV!uck '% ~::.r eravelfCiibole % 0 Beefrock % 
'•j2~.s;nan\V,9o'4~·~6brls . ·.· ... · .. ·~.. . fl.&~g~(}Y.qq~x.D~pr:J~~% 9 Pla,pt$i ~~o~ ·. .·% 

QUALITA'l?lv:E LISTING OF AQUATIC.BIOTA 

lpdicat~ es.timated abundance: 0 = AbseJitf.NotQbserv,~q, 1 =; Ra:re (<S.'l11), 2-= ,Gommon (5% - 30% ), 
3= Abundant (30% -70%), 4 =Dominant (>70'%) · 

Perip];].yj:on 

Filamentous Algae 

Macroohvtes 

0 

0 

0 

2 3 4 

2 3 4 
2 3 4 

Slimes 

Macro invertebrates 

Fish 

0 1 

0 1 

0 
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Date 
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By 

·Nmriber-of 
Containers 

Preservation 

:pE~Pit~~~~·s~~g~in~qtl~;.§~J3kw· 
Station# Stream Name and Loca:tion 

-

!. 

. 

, 1. Dat~i~~kived ·• 
by Lab 
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.· O!her Comtnents (e.g. condition~of;algae): 

OY.BS ONO QC Checker 

0 p.a&$ 0 fail 
DYES 

Gen~r~l ~o:n:rments (u&~ this ~pac~ to ~dd !!ddi~ional comments): 
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certain and 5 =least certain. If rating is 3-5, give reason. The number of cells for.filamentous algae is an estimate of relative biomass. 
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G~neral Comments (use this space to a~d a(l~ltionaJ c~u~men..t§): 
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APPENDIX A-3: 

Benthic Macroinvertebrate Field and Laboratory Data Sheets 

-

Form 1: Benthic Macroinvertebrate Field Data Sheet 
Form 2: Benthic Macroinvertebrate Sample Log-In Sheet 
Form 3: Benthic Macroinvertebrate Laboratory Bench Sheet 
Form 4: Preliminary Assessment Score Sheet (Pass) 

Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic 
Macroinvertebrates, and Fish, Second Edition A-23 
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BENTIDC MACROINVERTEBRATE FIELD DATA SHEET 

STREAM NAME LOCATION 

STATION# RIVERMILE STREAM CLASS 
fl 

LAT LONG RIVER BASIN 

STORET# AGENCY 

INVESTIGATORS LOT NUMBER 

FORM COMPLETED BY DATE REASON FOR SURVEY ---
TIME AM PM ---

HABITAT TYPES Indicate the percentage of each habitat type present 
OCobble % OSnags __ % 0 Vegetated Banks __ % OSand __ % 
0 Submerged Macrophytes __ % OOther( ) __ % 

SAMPLE Gear used OD-frame 0 kick-net OOther 
COLLECTION 

How were the samples collected? Owading 0 from bank Ofromboat 

Indicate the number of jabs/kicks taken in each habitat type. 
OCobble ·osnags __ 0 Vegetated Banks __ OSand __ 
0 Submerged Macrophytes __ 0 Other( )_ 

GENERAL 
COMMENTS 

QUALITATIVE LISTING OF AQUATIC BIOTA 
Indicate estimated abundance: 0 = Absent/Not Observed, 1 =Rare, 2 = Common, 3= Abundant, 4 = 
Dominant 

Periphyton 

Filamentous Algae 

Macrophytes 

0 

0 

0 

2 3 4 

2 3 4 

2 3 4 

FIELD OBSERVATIONS OF MACROBENTHOS 

Slimes 

Macro invertebrates 

Fish 

0 

0 

0 

2 3 4 

2 3 4 

2 3 4 

Indicate estimated abundance: 0 =Absent/Not Observed, 1 =Rare (1-3 organisms), 2 =Common (3-9 
organisms), 3=- Abundant (>10 organisms), 4 =Dominant (>50 organisms) 

-
Porifera 0 1 2 3 4 Anisoptera 0 1 2 3 4 Chironomidae 0 1 2 3 4 
Hydrozoa 0 1 2 3 4 Zygoptera 0 1 2 3 4 Ephemeroptera 0 1 2 3 4 
Platyhelminthes 0 1 2 3 4 Hemiptera 0 1 2 3 4 Trichoptera 0 1 2 3 4 
Turbellaria 0 1 2 3 4 Coleoptera 0 I· 2 3 4 Other 0 1 2 3 4 
Hirudinea 0 1 2 3 4 Lepidoptera 0 1 2 3 4 
Oligochaeta 0 1 2 3 4 Sialidae 0 1 2 3 4 
Isopoda 0 1 2 3 4 Corydalidae 0 1 2 3 4 

Amphipoda 0 1 2 3 4 Tipulidae 0 1 2 3 4 
Decapoda 0 1 2 3 4 Empididae 0 1 2 3 4 

Gastropoda 0 1 2 3 4 Simuliidae 0 1 2 3 4 
Bivalvia 0 1 2 3 4 Tabinidae 0 1 2 3 4 

r.nkin~" 0 1 2 3 4 

Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic 
Macroinvertebrates, and Fish, Second Edition -Form 1 A-25 
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BENTHIC MACROINVERTEBRATE SAMPLE LOG-IN SHEET 
I 

Date Collected Number of Preservation Station Stream Name and Location Date Received Lot Number Date of Completion 
Collected By Containers # by Lab I mounting J identification , sorting 

Serial Code Example: B0754001(1) 
B =Benthos (F =Fish; P = Periphyton)# 0754 =project number# 001 =sample number# (I)= lot number (e.g., winter 1996 =I; summer 1996 =2) 
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BENTIDC MACROINVERTEBRATE LABORATORY BENCH SHEET (FRONT) 
page 0 f 

STREAM NAME LOCATION 

STATION# RNERMILE STREAM CLASS 

LAT LONG RNERBASIN 

ST<6'RET# AGENCY 

COLLECTED BY DATE LOT# 

TAXONOMIST DATE SUBSAMPLE TARGET 0 I 00 0 200 0 300 0 Other 

E •nter F ami!y and/or G en us and specJCs name on b ank me. s r 
Organisms No. LS TI TCR Organisms No. LS TI TCR 

Oligo chaeta Megaloptera 

Hirudinea Coleoptera 

Isopoda 

Amphipoda Diptera 

Decapoda 

Ephemeroptera 

Gastropoda 

Pelecypoda 

Plecoptera 

Other 

Trichoptera 

Hemiptera 

Taxon01mc certamty rating (TCR) 1-5.1 =most certam, 5 least certam. If ratmg 1s 3-5, giVe reason (e.g., m1ssmg g!IIs). LS hfe stage. I 
immature; P =pupa; A= adult TI = Taxonomists initials 

Total No. Organisms Total No. Taxa 

Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic 
Macroinvertebrates, and Fish, Second Edition -Form 3 
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (BACK) 

SUBSAMPLING/SORTING 
INFORMATION 

Sorter 

Date 

TAXONOMY 

ID 

Date 

Number of grids picked: 

Time expenditure No. of organisms 

Indicate the presence of!arge or obviously abundant organisms: 

QC: DYES DNO QC Checker 

ongmally sorted checker . y . ongmal!y sorted 
%sorting 
efficiency 

# ?r?anisms . G :e~:~~~~~m: # ?r?anisms ) 

I 1-7- l+l I ='--1 ~-1 

;,:90%, sample passes 

<90%, sample fails, action t~en 

Explain.TCR ratings of3-5: 

Other Comments (e.g. condition of specimens): 

QC: DYES 

Organism recognition 
Verification complete 

DNO QCChecker 

Dpass 
DYES 

D fail 
DNO 

A-30 Appendix A-3: Benthic Macroinvertebrate Field and Laboratory Data Sheets- Form 3 
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STREAM NAME 

STATION# 

LAT 

STORET# 

COLLECTED BY 

PRELIMINARY ASSESSMENT SCORE SHEET 
(PASS) 

LOCATION 

RIVERMILE STREAM CLASS 

LONG RIVER BASIN 

AGENCY 

page 

" 

DATE LOT# NUMBER OF SWEEPS 

0 f 

HABITATS: OCOBBLE OSHOREZONE 0 SNAGS 0 VEGETATION 

Enter Famuy an or "I dJ G cnus an dS )pCCICS name on an me. bi kr 

Organisms No. LS TI TCR Organisms No. LS TI 

Oligochaeta Megaloptera 

Hirudinea Coleoptera 

Isopoda 

Amphipoda Diptera 

Decapoda 

Ephemeroptera 

Gastropoda 

Pelecypoda 

Plecoptera 

Other 

Trichoptera 

Taxonomic certainty rating (TCR) 1-S:l=most certain, S=least 

TCR 

certain. If rating is 3-5, give reason (e.g., missing gills). LS= life 
stage: I =immature; P =pupa; A= adult TI =Taxonomists initials 

Hemiptera 

Site Value Target Threshold If 2 or more memes are ;, target threshold, site is 

Total No. Taxa HEALTHY 

EPTTaxa Ifless than 2 memes are within target range, site is 

Tolerance Index SUSPECTED IMPAIRED 

Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic 
Macroinvertebrates, and Fish, Second Edition- Form 4 
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APPENDIX A-4: 

Fish Field and Laboratory Data Sheets 

Form 1: Fish Sampling Field Data Sheet 
Form 2: Fish Sample Log-In Sheet 

Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic 
Macroinvertebrates, and Fish, Second Edition A-33 
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FISH SAMPLING FIELD DATA SHEET (FRONT) 
page 

STREAM NAME LOCATION 

STATION# RIVERMILE STREAM CLASS 

LAT LONG RIVER BASIN 

STORET# # AGENCY 

GEAR INVESTIGATORS 

FORM COMPLETED BY DATE I REASONFORSURVEY 

SAMPLE 
COLLECTION 

HABITAT TYPES 

GENERAL 
COMMENTS 

SPECIES 

---
TIME AM PM ---

How were the fish captured? 0 back pack 0 tote barge 

Block nets used? DYES ONO 

Sampling Duration Start time End time 

Stream width (in meters) Max Mean 

Indicate the percentage of each habitat type present 
0 Riffles % 0 Pools % ORuns % OSnags __ % 

OOther_(_ 0 Submerged Macrophytes % 

TOTAL 
(COUNT) 

OPTIONAL: LENGTH (mm)/WEIGHT (g) 
(25 SPECIMEN MAX SUBSAMPLE) 

) __ % 

Oother 

Duration 

Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic 
Macroinvertebrates, and Fish, Second Edition -Form 1 

A010:278 

0 f 

A-35 



FISH SAMPLING FIELD DATA.SHEET (BACK) 

SPECIES TOTAL OPTIONAL: LENGTH (mm)IWEIGHT (g) ANOMALIES* 
(COUNT) (25 SPECIMEN MAX SUBSAMPLE) 

* AN 0 MAL Y CODES: D = deformities; E = eroded fins; F = fungus; L = lesions; M = multiple DEL T anomalies; S = emaciated; Z = other 

A-36 Appendix A-4: Fish Field and Laboratory Data Sheets- Form I 
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FISH SAMPLE LOG-IN SHEET 

Date Collected By Number of Presetvation Station# Stream Name and Location Date Received Lot Number Date of Completion 
Collected Containers by Lab 

sorting mounting id~ntification 

' 

Serial Code Example: F0754001(1) 
F= Fish (B =Benthos; P =Periphyton)# 0754 =project number# 001 =sample number# (I)= lot number (e.g., winter 1996=1; summer 1996 =2) 
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APPENDIXB: 

. REGIONAL TOLERANCE VALUES, 

FUNCTIONAL FEEDING GROUPS AND 

HABIT/BEHAVIOR ASSIGNMENTS FOR 

BENTHIC MACROINVERTEBRATES 
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APPENDIXB 
Appendix B is a list of selected benthic macroinvertebrates of the United States in phylogenetic order. 
Included are the Taxonomic Serial Number (TSN) and the Parent Taxonomic Serial Number for each of 
the taxa listed according to the Integrated Taxonomic Information System (!TIS). The !TIS generates a 
national taxonomic list that is constantly updated and currently posted on the World Wide Web at 
<www.itis.usda.gov>. If you are viewing this document electronically, this page is linked to the !TIS web 
site. 

This Appendix displays regional tolerance values, primary and secondary functional feeding group 
information, and primary and secondary habit designations for selected benthic macro invertebrates. In 
an effort to provide regionally accurate tolerance information, lists included in this Appendix were taken 
from.thefollowing states (and workgroup): Idaho (Northwest), Ohio1 (Midwest), North Carolina 
(Southeast), Wisconsin (Upper Midwest), and the MACS workgroup (Mid-Atlantic Coastal Streams). 
Tolerance values are on a 0 to I 0 scale, 0 representing the tolerance value of an extremely sensitive 
organism and I 0 for a tolerant organism. For functional feeding group and habit/behavior assignments, 
primary and secondary designations are listed, if both are known. Each characterization is based on the 
organisms' larval qualities, except a group of beetles (listed as 'adult') that are aquatic as adults. The 
following are lists of the abbreviations used in this appendix. 

FUNCTIONAL FEEDING DESIGNATIONS 
PA=parasite 
PR=predator 
OM=omnivore 
GC=gatherer/ collector 

IIABITIBEHA VIOR DESIGNATIONS 
cn=clinger 
cb=climber 
sp=sprawler 
bu=burrower 

FC=:filterl collector 
SC=scraper 
SH=shredder 
PI=piercer 

sw=swimmer 
dv=diver· 
sk=skater 

Sources For Benthic Tolerance, Functional Feeding Group, and Habit/Behavior 
Designations <a> 

ID= Idaho DEP (Northwest) 

OH= Ohio EPA (Midwest) 

NC =North Carolina DEM (Southeast) 

WI = Wisconsin DNR (Upper Midwest) 

MACS= Mid-Atlantic Coastal Streams Workgroup (NJ DEP, DE DNREC, MD DNR, VA 
DEC, NC DEM, SC DHES) 

<a> Habit/Behavior information is primarily based on Merritt and Cummins (1996) and 
pertains to insect larval forms (except for Dryopidae adults) and is mostly at genus level. 

10hio traditionally uses an inverted 60-point scale compared to the other states in this list. fu order to 
be comparable to the other listed states, the Ohio values were converted to a 0-l 0 scale as discussed above. 

Rapid Bioassessment Protocols for Use in Streams and Wadeable Rivers: Periphyton, Benthic 
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A0:1.028Li 

B-3 



B-4 

This Page Intentionally Left Blank 

Appendix B: Regional Tolerance Values, Functional Feeding Groups, 
and Habit/Behavior Assignments for Benthic Macroinvertebrates 

A01.02R5 

I 



Regional Tolerance Values, Functional Feeding Groups, and Habit/Behavior 
Assignments for Benthic Macroinvertebrates 

t· Regional Tolerance Values 

Functional 

ii Feeding Group 
:;: 0 

Parent TSN Scientific Name 
-c ii ·~~ ~ TSN ~ ~ ~ ., :; €~ ~<Zl ~ 1l ~G ~~ ~~ ::::!~ .§ 0 

~@ 0 c5le. ::E8 ~ Q, 

202423 59490 Nematoda 5 PA 

202423 64183 Nematomorpha PA 

202423 57411 Nemertea 8 PR 

57412 Rhynchocoela 

57577 57578 Prostoma graecense 6.6 PR 

57577 193496 Prostoma rubrum 

202423 53963 Platyhelminthes 

53963 53964 Turbellaria 4 PR 

53965 54468 Tricladida 4 GC 

54552 54553 Cura 

54468 54502 Planariidae I OM 

54502 54503 Dugesia 4 OM 

54503 54504 Dugesia tigrina 7.5 PR 

54502 54510 Polycelis 6 GC 

54510 54512 Polycelis coronata 1 OM 

202423 46861 Porifera FC 

47690 47691 Spongillidae FC 

47691 47692 Spongilla FC 

47692 47696 Spongilla aspinosa FC 
155470 Ectoprocta 

156691 156692 Plurnatella repens 

174619 174662 Hydro bates 

202423 48738 Cnidaria 

50844 50845 Hydra 5 PR 

50845 50846 Hydra americana 

156753 156754 . Urnatella gracilis 

69458 79118 Bivalvia FC 

79119 Pelecypoda 8 FC 
7'9517 79519 Brachidontes exustus FC 

79912 79913 Unionidae 8 FC 

79913 79930 Anodonta 8 FC 

79930 79946 Anodonta couperiana FC 

Anodonta nuttalliana idahoensis 8 FC 

79913 79951 Elliptio FC 

79951 79975 Elliptio buckleyi FC 

79951 79952 Elliptio complanata 5.4 
79951 79964 Elliptio lanceolata 1.9 
79913 80032 Gonidea 4 FC 

80032 80033 Gonidea angulata 8 FC 

79986 80006 Lampsilis teres FC 

79913 80370 Margaritifera 4 FC 

80370 . 80371 Margaritifera margaritifera 8 FC 

80059 80067 Quadrula cvlindrica FC 

81381 81385 Corbicula FC 

81385 81387 Corbicula flurninea 6.3 3.2 FC 
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Parent TSN 
TSN 

81385 81386 

81333 81335 

80384 81388 

81389 

81388 81436 

205642 

81436 81438 

81388 81427 

81427 81430 

81427 81434 

81427 81428 

81388 81400 

81400 81405 

81400 

81400 81406' 

81400 81402 

81400 81408 

81400 81403 

81400 81424 

81400 81425 

81400 81420 

81388 81391 

81391 81395 

81391 81398 

69458 69459 

76437 76568 

76568 76569 

76569 76573 

76569 76572 

76569 76575 

76585 76586 

76568 76576 

76576 76578 

76576 76577 

76576 76579 

76476 76477 

76437 76483 

76483 76497 

76483 76484 

76483 76528 

76528 76529 

76483 76525 

76483 76534 

76437 76676 

76676 76677 

76676 76698 

76698 76707 
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Corbicula manilensis FC 
Mytilopsis leucophaeata FC 
Pisidiidae 8 GC 
Sphaeriidae 8 8 FC 
Eupera 

Byssanodonta cubensis ( = Eupera} FC 
Eupera cubensis FC 
Muscu1ium 5 FC 
Musculium lacustre 5 FC 
Byssanodonta (= Eupera) FC 
Musculium securis 5 FC 
Musculium transversum 

Pisidium 6.8 4.6 8 8 FC 
Pisidium casertanum 8 sc 
Pisidium lilljborgi 8 FC 
Pisidium compressum 8 FC 
Pisidium dubium FC 
Pisidium fallax 8 FC 
Pisidium idahoense 8 FC 
Pisidium punctatum 8 FC 
Pisidium punctiferum FC 
Pisidium walkeri 8 FC 
Sphaerium 7.7 4.7 6 GC FC 
Sphaerium patella 8 FC 
Sphaerium striatinum FC 
Gastropoda 7 sc 
Ancylidae 6 sc 
Ferrissia 6.9 5.2 6 7 sc 
Ferrissia hendersoni sc 
Ferrissia rivularis sc 
F errissia walkeri 7 sc 
Hebetancylus excentricus sc 
Laevapex sc 
Laevapex diaphanus sc 
Laevapex fuscus 7.3 6.7 sc 
Laevapex peninsulae sc 
Lanx 6 GC 
Lymnaeidae 6.9 6 6 sc 
Fossaria 2.6 8 sc 
Lymnaea 8 sc 
Pseudosuccinea sc 
Pseudosuccinea columella 7.2 sc 
Radix 

Stagnicola 8 !0 7 sc 
Physidae 8 sc 
Physa 8 sc 
Phvsella 9.1 7.6 8 8 sc 
Physella cubensis sc 
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76698 76724 Physella hendersoni sc 
76698 76736 Physella heterostropha sc 
76437 76591 Planorbidae 7 sc 
76591 76592 Gvraulus 8 sc 
76592 76593 Gyraulus circumstriatus 7 sc 
76592 76595 Gyraulus parvus 5.5 sc 
76591 76599 Helisoma sc 
76599 76600 Helisoma anceps 6.5 6 7 sc 
76591 76626 Menetus 

76626 205210 Menetus dilatatus 8.4 8,1 sc 
76591 76643 Micromenetus sc. 
76643 76648 Micromenetus dilatatus sc 
76643 76646 Micromenetus floridensis sc 
76591 76654 Planorbella 6 sc 
76654 76662 Planorbella durvi sc ' 
76654 76667 Planorbella pilsbryi 7.4 
76654 76668 Planorbella scalaris sc 
76671 205212 Planorbella trivolvis 9.5 sc 
76591 76621 Promenetus GC 

76591 76673 Vorticifex 8 sc 
76673 Vorticifex effusa 6 sc 
77064 77300 Limacidae 

70160 70163 Neritina reclivata sc 
70745 70747 Amnicola 4.8 5 sc 
70747 70764 Amnicola dalli sc 
70747 Amnicola grana 8 sc 
70764 205008 Amnicola dalliiohnsoni sc 
70747 70748 Amnicola limosa 8 sc 
70745 70778 Fluminicola 5 sc 
70778 70782 Fluminicola hindsi 5 sc 

71549 Pleurocera 3.7 
70298 70493 Hydrobiidae 7 sc 

pyrgulopsis idahoensis 8 sc 
70493 70509 Cincinnatia sc 
70509 70513 Cincinnatia floridana sc 
70493 70643 Fontelicella 8 sc 
70493 70527 Littoridinops sc 
70527 70530. Littoridinops monroensis sc 
70633 70634 Notogillia wetherbyi sc 
70493 205005 Potamopyrgus 10 sc 

205005 205006 Potamopyrgus antipodarum 8 sc 
70699 70700 Pyrgophorus platyrachis sc 
70712 70713 Rhapinema dacryon sc 

70548 Somatogyrus 6.5 
70548 70582 Somatogyrus walkerianus sc 
70493 70702 Spilochlamys sc 
70702 70703 Spilochlamys conica sc 
71541 71654 Elimia 2.5 3.6 2 sc 
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Parent 
TSN 

TSN 

•71654 71858 

'71654 71746 

71654 71761 

71541 71542 

71541 71570 

71541 71601 

70298 71531 

71531 71532 

71532 71533 

70298 70345 

70345 70346 

73194 73195 

70342 70343 

331584 70304 

331600 70311 

70311 70312 

70311 70322 

70311 70315 

70311 70317 

70333 70336 

331585 70305 

70305 70307 

202423 64357 

64357 68422 

68498 69069 

68422 69168 

69168 69169 

69069 69080 

69069 69165 

68498 68499 

68509 68510 

68509 68854 

68423 68424 

68854 68967 

68967 68971 

68854 69021 

69021 69022 

69021 69023 

68934 68935 

68854 68898 

68898 555636 

68898 68904 

68898 68902 

68898 68912 

68898 68924 

68898 68900 

68898 68907 

68898 68923 
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Elimia atheami 

Elimia curvicostata 

Elimia floridensis 

Goniobasis 

Juga 

Leptoxis 

Thiaridae 

Melanoides 

Melanoides tuberculata 

Valvatidae 

Valvata 

Marisa comuarietis 

Pomacea paludosa 

Viviparidae 

Campeloma 

Carripeloma decisum 

Campeloma floridense 

Campeloma geniculum 

Campeloma limum 

Liop1ax pilsbryi 

Viviparus 

Viviparus georgianus 

Annelida 

Oligochaeta 

Lumbricina 

Branchiobdellida 

Branchiobdellidae 

Glossoscolecidae 

Lumbricidae 

Sparganophilidae 

Enchytraeidae 

Naididae 

Aeolosoma 

Allonais 

Allonais inequalis 

Bratislavia 

Bratislavia bilongata 

Bratislavia unidentata . 

Chaetogaster diaphanus 

· Dero 

Dero botrytis 

Dero digitata 

Dero flabelliger 

Dero furcata 

Derolodeni 

Deronivea 

Dero obtusa 

Dero pectinata 

c "' c "' ., 
~ 

., <u ""0 ""0 

~G '"'~ 0!:~ """ ..0< "' " "' " o.- :s!::C: t:~ E 0 E 0 

~b 5~ ::;E8 
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sc 
sc 
sc 

7 sc 
1.6 

sc 
sc 
sc 
sc 

8 sc 

sc 
6 sc 

sc 
6.7 6 sc 

sc 
sc / 

sc 
sc. 
sc 
sc 
GC 

5 GC 

8 GC 

6 GC 

10 GC 

10 GC 

10 10 10 GC 

GC 

GC 

GC 

GC 

GC 

GC 

10 10 GC 

GC 

GC 

GC 

GC 

GC 

GC 

GC 

GC 
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68898 68903 Dero trifida GC 

68898 68915 Derovaga GC 

69003 69004 Haemonais waldvogeli GC 
68946 Nais 9.1 

68946. 68949 Nais behningi GC 

68946 68950 Nais communis GC 
68946 68952 N a is elinguis GC 

68946 . 68954 Nais pardalis GC 

68946 68956 Nais pseudobtusa GC 

68946 68957 Nais simplex GC 
. 68946 68959 Nais variabilis GC 

68862 68863 Paranais Iitoralis GC 

68854 68876 Pristina' 9.9 GC 

68876 68879 Pristina aequiseta GC 
68876 68880 Pristina breviseta GC 
68876 68881 Pristina foreli GC 
68876 68894 Pristina leidyi GC 

68876 68893 Pristina longisoma GC 

68876 68887 Pristina osbomi GC 

68876 68891 Pristina plumaseta GC 

68876 68878 Pristina sima GC 
. 68876 68895 Pristina synclites GC 

68854 69024 Pristinella GC 
69024 69030 Pristinella jenkinae GC 
69024 69025 Pristinella longisoma GC 
69024 69026 Pristinella osbomi GC 

68854 68855 Slavina GC 

68855 68856 Slavina apj)endiculata 7.1 GC 

68984 68985 Specaria josinae GC 

69017 69018 Stephensoniana trivandrana GC 

68871 68873 Stylaria fossularis 8 GC 

68871 68872 Stylaria lacustris 8.5 GC 

68854 69009 Vejdovskyella GC 

69009 69010 Vejdovskyella comata GC 

68509 69041 Opistocystidae 

68509 68585 Tubificidae 10 10 GC 
68588 Peloscolex 8.8 

68679 68683 Aulodrilus americanus GC 

68679 68682 Aulodrilus limnobius 5.2 GC 
68679 68680 Aulodrilus pigueti 4.7 GC 
68679 68684 Aulodrilus pluriseta 8 GC 
68619 68621 Branchiura sowerbyi 8.4 GC 
68585 68745 Haber 

68745 68746 Haber speciosus 2.8 
68660 68662 Ilyodrilus templetoni 9.4 GC 
68808 68809 Isochaetides curvisetosus 7.2 GC 
68808 68810 Isochaetides freyi 7.6 
68585 68638 Lirnnodrilus 9.6 GC 
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Parent TSN 
TSN 

68638 68653 
68638 68652 
68638 68639 
68638 68649 
68638 68644 
68780 68610 
68780 68781 
68585 68751 
68751 68752 
68793 68794 

. 68839 68844 
68585 68780 
68780 68782 
68585 68622 
68622 68623 
68439 68440 
68440 68473 
68473 68476 
68440 68441 
68441 68447 
68441 68444 
68422 69290 
69406 69407 
69407 69408 
69408 69412 
69418 69421 
69407 69430 
69407 69423 
6943'7 69438 
69438 69439 
69438 69449 
69449 69454 
69455 69456 
69295 69357 
69388 69389 
69380 69390 
69357 69358 
69358 69359 
69357 69380 

555637 555638 
69380 69381 
69357 69396 

204822 
69396 69397 
69396 69401 
69396 69398 
69396 69399 
69357 69363 
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Limnodrilus angustipenis GC 

Limnodrilus cervix 10 
Limnodrilus hoffineisteri 9.8 GC 

Limnodrilus profundicola GC 

Limnodrilus udekemianus 9.7 GC 

Spirosperma ferox GC 

Spirosperma nikolskyi 7.7 
Psarnmoryctides 

Psarnmoryctides convolutus GC 

Quistradnlus mu!tisetosus 10 GC 

Rhyacodrilus sodalis 10 GC 
Spirosperma GC 
Spirosperma carolinensis 10 GC 

Tub if ex 10 GC 

Tubifex tubifex 10 GC 

Lumbriculidae 7.3 8 GC 
Eclipidrilus 8 
Eclipidrilus palustris GC 

Lumbriculus GC 

L umbricul us inconstans · GC 

Lumbriculus variegata GC 

Hirudinea 10 PR 
Hirudinidae 7 PR 
Haemopsis 10 PR 
Haemopsis marmorata PR 
Macrobdella ditetra 

Percymoorensis 10 PR 

Philobdella 

Erpobdellidae 8 PR 

Dina 8 PR 

Mooreobdella 7.8 PR 

Mooreobdella tetragon 9.7 PR 

Nephelopsis obscura PR 

Glossiphoniidae 8 PR 
Alboglossiphonia heteroclita PR 
Glossiphonia heteroclita 

Batracobdella PA 

Batracobdella paludosa PA 
Glossiphonia PR 

Desserobdella phalera PR 

Glossiphonia complanata PR 

Helobdella 6 PA PR 

Gloiobdella elongata PR 

Helobdella elongata 9.9 PR 

Helobdella fusca PA 

Helobdella stagnalis 6.7 PR 

Helobdella triserialis 8.9 PA 

Placobdella 6 PR 
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69363 69367 Placobdella multilineata PR 

69363 69364 Placobdella papillifera 9 PA 

69363 69365 Placobdella oarasitica 6.6 PA 

69374 Batra co bdella phalera 7.1 
69363 69372 Placobdella translucens PA 

69357 69375 Theromyzon 10 PR 

69315 69316 Myzobdella lugubris PR 

69296 69304 Piscicola 10 PR 

69304 69309 Piscicola salmositica 7 PR 

Acari PR 

Acariformes PR 

Corticacarus delicatus 8 PR 

83538 83544 Oribatei 

Parasitengona 

Protzia californensis 8 PR 

82754 82769 Trombidiformes 

82862 82864 Arrenurus PR 

82864 82907 Arrenurus apetiolatus PR 

82864 82953 Arrenurus bicaudatus . PR 

82864 205790 Arrenurus hovus PR 

82864 205791 Arrenurus problecornis PR 

,82864 205792 Arrenurus zapus PR 
83434 83435 Albia PR 

83176 83177 Clathrosperchon PR 

82770 82771 Halacaridae 

82770 83122 Hvdrachnidae 

83122 83123 Hydrachna PR 

83224 83225 Hvdrodroma PR 

82770 83281 Hygrobatidae 8 PR 

83281 83282 Atractides PR 
83281 83297 Hygrobat~s PR 

83297 83310 Hygrobates occidentalis 8 PR 

83499 83500 Geayia 

83499 83502 Krendowskia 

82770 83033 Lebertiidae 8 PR 

83033 83034 Lebertia 8 PR 

83050 205794 Centrolimnesia PR 

83050 83051 Limnesia PR 

83145 83146 Limnochares PR 

83476 83479 Mideopsis PR 

83239 83240 Frontipoda PR 

83239 83244 Ox us PR 

82770 83159 Piersigiidae 8 PR 

83330 83350 Piona PR 

83164 83172 Wandesia 

82770 83005 Sperchonidae 8 PR 
83005 83006 Sperchon PR 

83006 Soerchon oseudoolumifer 8 PR 
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Parent TSN 
TSN 

83005 83029 

83249 83254 

83072 83093 

83093 205798 

83093 193512 

83093 193513 

83099 205797 

83072 83103 

83103 83106 

83072 83073 

82697 83677 

95495 95599 

98789 98790 

97250 97251 

96106 96213 

96213 96220 

96220 96225 

96220 96221 

96213 96383 

96383 96396 

96383 96385 

97306 97324 

97324 97325 

97325 

97325 97328 

97325 97326 

97306 97336 

97336 97337 

97336 97421 

97421 97423 

97336 97490 

97490 97492 

97490 97498 

'97490 97514 

97490 97555 

97490 97566 

89802 93294 

93584 9J589 

93589 93594 

93641 93642 

95080 95081 

95081 95088 

95081 193517 

93295 93745 

93745 93747 

97160 

93745 93773 

93773 93780 
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Sperchonopsis 

Torrenticola 

Koenikea 

Koenikea angulata 

Koenikea aphrasta 

Koenikea elaphra 

Koenikea spinipes carella 

Neurnania 

Neurnania distincta 

Unionico1a 

Crustacea 

Decapoda 

Rhithropanopeus harrisii 

Potimirim potimirim 

Palaemonidae 

Macro brachium 

Macrobrachium acanthurus 

Macrobrachiurn ohione 

Palaemonetes 

Palaemonetes kadiakensis 

Palaemonetes paludosus 

Astacidae 

Pacifastacus 

Pacifastacus cambilii 

Pacifastacus connectens 

Pacifastacus leniusculus 

Cambaridae 

Cambarus 

Orconectes 

Orconectes 1imosus 

Procambarus 

Procambarus acutus 

Procambarus alieni 

Procambarus fallax 

Procambarus pygmaeus 

Procambarus spiculifer 

Amphipoda 

Corophiurn 

Corophiurn 1acustre 

Grandidierella bonnieroides 

Crangonvx 

Crangonyx richmondensis 

· Crangonvx serratus 

Gammaridae 

Anisogammarus 

Argis 

Gammarus 

Gammarus fasciatus 

"' ~ "' c "' <!) 
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PR 

PR 

PR 

PR 

PR 

8 GC 

8 SH 

4 OM 

4 

7.2 8 sc 
6 OM 

6 SH 
6 SH 
6 SH 

6 GC 

8.1 

2.7 

6 SH 
9.5 

9 SH 

4 GC 

FC 

FC 

GC 

8 4 GC 

OM 

8.1 GC 

GC 

4 GC 

8.7 8 

4 OM 

6.9 6 GC 

Appendix B: Regional Tolerance Values, Functional Feeding Groups, 
and Habit/Behavior Assignments for Benthic Macroinvertebrates 

A~:l0?93 



Regional Tolerance Values 

Functional 

~ 
Feeding Group 

0 

Parent 
TSN Scientific Name 

't:l 
~ -~'"' ~ TSN ~ ::§ I ::: ;::"' ~ " .... "'J!U 't:l .;;,.-_ "'"' "€g c 

~~ ~~ :2@' ~~ 8 0 

~ ·;:: u 

" ;:E.._, "" ·"' 
93773 93789 Garnmarus Iacustris OM 

93773 93781 Garnmarus tigrinus GC 

93862 Stygonectes 

93947 93949 ::;Yilurella cham berlaini GC 

94022 94025 Hyalella 8 GC 

94025 94026 Hyalella azteca 7.9 8 8 GC 

93295 95032 Talitridae 8 GC 

89802 92120 Isopoda 8 GC 

92148 92149 Cyathura polita · GC 

92650 92657 Asellidae GC 

92657 92658 Asellus 9.4 8 8 GC 

92658 92659 Asellus occidentalis 8 GC 

92657 92686 Caecidotea 8 6 GC 

92686 Caecidotea attenuatus 6 
92686 Caecidotea communis 6 GC 

92686 92701 Caecidotea forbesi 6 
92686 92692 Caecidotea racovitzai 6 
92692 92695 Caecidotea racovitzai australis GC 

92657 92666 Lirceus 7.7 8 GC 

92977 Munna reynoldsi GC 

92973 92976 Uromunna reynoldsi GC 

93207 93209 Probopyris floridensis GC 

93132 93133 Probopvus pandalicola GC 

92224 92225 Cirolanidae GC 

92225 541967 Anopsi!ana GC 

92345 92348 Cassidinidea ovalis GC 

92283 92301 Exosphaeroma GC 

92283 92337 Sphaeroma GC 

92337 92338 Sphaeroma destructor GC 

92337 92342 Sphaeroma terebrans GC 

206378 206379 Oniscus asellus 

92623 92624 Edotea montosa GC 

92564 92588 Idotea GC 

89802 89807 Mysidacea 

89856 90138 Mysidopsis FC 

89856 90041 Mysis 

90275 90277 Taphromysis bowmani FC 

89802 91061 Tanaidacea FG 

92068 Hargeria rapax FC 

92026 92067 Leptochelia rapax 

91502 Tanais cavolinii (part) 

91396 Tanais cavolinii (part) 

91400 Tanais cavolinii (part) 

91519 Tanais cavolinii (part) 

83677 85257 Copepoda 8 GC 

83677 84195 Ostracoda 8 GC 

83767 83832 Cladocera 8 FC 

83872 83873 Daplmia 8 FC 
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Parent TSN 
TSN 

89599 89600 

89600 89621 
85780 85801 
85257 88530 
84409 ·84763 
82697 99208 
99209 99237 
99239 99240 
99240 99241 

99917 99918 
99238 99245 
99245 99246 

.99246 99247 
99238 99643 
100257 100258 
100258 100402 
100402 !00436 
!00500 !00502 

101569 101570 
101570 101572 
101459 101467 
101467 101468 
101468 101475 
101468 101477 
101467 101478 
101478 101480 
101478 101488 
101478 
101478 101483 
101478 101486 
101478 101489 
101508 101525 
101525 !01526 
101526 
101525 !01537 
101537 101538 
101537 101552 
101540 101549 
101566 101567 
100503 100755 

100801 
100801 
100801 
100801 

206620 
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Balanus 

Balanus eburneu5 

Diaptomus pribilofensis 

Cyclopoida 

Entocytheridae 

Insecta 

Col!embola 

Podura 

Podura aquatica 

Hypogastrura 

Isotomidae 

Isotomurus 

·Isotomurus palustris 

Entomobryidae 

Sminthuridae 

Bourletiel!a 

Bourletiella spinata 

Ephemeroptera 

Polymitarcidae 

Ephoron 

Ephoron leukon 

Caenidae 

Brachycercus 

Brachycercus maculatus 

Brachycercus prudens 

Caenis 

Caenis arnica 

Caenis latipennis 

Caenis macafferti 

Caenis diminuta 

Caenis hilaris 

Caenis punctata 

Ephemeridae 

Ephemera 

Ephemera guttalata 

Hexagenia 

Hexagenia bilineata 

Hexagenia limbata 

Hexagenia munda orlando 

Litobrancha recurvata 

Baetidae 

Acentrel!a 

Acentrella amplus 

Acentrella insignificans 

Acentrella turbida 

Acerpenna 

Acerpenna macdunnoughi 

Acerpenna pygmaeus 
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FC 

FC 

8 FC 

. 10 GC 

GC 

GC 

OM 
GC 

GC 

GC 

GC 

GC 

2 GC 

2 GC bu 

1.5 2 
7 GC 

3.5 3 GC 

GC 

3 GC 

7.6 7 3.1 7 ·7 GC sp cb 

OM 
7 GC sc 

7 GC 

OM 
OM 

7 · GC 

4 GC 

2.2 1 3.1 4 \ GC bu 

0 
4.7 6 3.6 6 6 GC bu 

GC 

2.6 GC 

GC 

0 6 
4 4 GC 

4 4" GC sw en 

3.6 
4 GC 

4 GC 

4 SH sw en 

1.1 4 SH 

3.7 4 2.3 OM 
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Regional Tolerance Values 
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Feeding Group 

<!) 
0 ::: Parent TSN Scientific Name 

"0 - ·~--- ~ TSN ~ ::E -;;; [;3 
[::: '+:lrn ~ "' <!) .... ~ '<j!U "0 

£--- <!>,.._ 

~g 
c 

::sU ~[ ~~ ~£ 1 8 .,)5e Q) 

"' 
100755 100800 Baetis 3.1. 5 6 GC 
100800 Baetis diphetorhageni 

100800 206621 Baetis alachua OM 
100800 100803 Baetis alius I GC sc 
100800 100821 Baetis australis OM 
100800 100823 Baetis bicaudatus GC 
100800 100833 Baetis ephippiatus 3.9 OM 
100800 100835 Baetis flavistriga 7.2 4 2.9 4 GC 

100800 100838 Baetis frondalis 8 5 OM 
100800 100807 Baetis insignificans GC 
100800 100808 Baetis intercalaris 5.8 6 2.7 5 6 OM GC 
100800 100810 Baetis intennedius GC 
100800 Baetis notos •'· 4 GC sc 
100800 100858 Baetis_)))uto 4.8 
100800 100860 Baetis propinquus 6.2 6 OM 
100800 100861 Baetis pygmaeus OM 
100800 100817 Baetis tricaudatus 1.8 GC 
100800 2066!8 Baetis annillatus 1.5 OM 
100800 206619 Baetis punctiventris OM 

Barbaetis GC 
Plauditus 

Plauditus cestus 4 GC 
100755 100903 Callibaetis 9.3 9 5.6 9 9 GC 
100903 100919 Callibaetis floridanus GC 
100903 100928 Callibaetis pretiosus GC 

Camelobaetidius 

100755 100873 Centroptilurn 6.3 2 2.7 2 2 GC 
100873 100884 Centroptilurn hobbsi OM 
100873 100897 Centroptilurn viridocularis OM 
100755 100756 Cloeon 7.4 4 3.5 OM 
100756 100758 Cloeon rubropicturn OM 

Diphetor 5 GC 
Diphetor hageni 2.3 5 GC 
Fallceonquilleri GC 

100794 Heterocloeon 3.6 sc 
Labiobaetis 6 GC 
Labiobaetis frondalis 
Labiobaetis propinquus 6 GC 

100899 Paracloeodes 8.7 sc 
206622 Procloeon OM GC 

206622 406617 Procloeon rubropicturn OM 
206622 206623 Procloeon viridocularis OM 
100755 100771 Pseudocloeon 4.4 4 1.7 4 sc 
100771 100776 Pseudocloeon bimaculaturn OM 
100771 100783 Pseudocloeon parvulurn OM 
100771 100784 Pseudocloeon punctiventris OM 

Ametropodidae 

101073 101074 Ametropus GC 
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Parent TSN 
TSN 

100503 100504 
100504 100598 
100598 100600 
100504 100557 
100557 100570 
100504 100626 
100626 
100626 
100626 100629 
100626 100632 
100626 100651 
100626 100635 
100626 100637 
100626 100642 
100626 100645 
100627 100636 
100504 100602 
100602 100694 
100602 100608 
100602 100604 
100602 100610 
100602 100612 
100602 100616 
100602 100619 
100602 100620 
100504 100666 
100504 100676 
100676 
100676 100677 
100676 100679 
100504 100692 
100692 
100692 100693 
100692 100705 
100504 100572 
100572 !.00577 
100572 100579 
100572 100595 
100572 100583 
100572 100575 
100572 100589 
100504 100713 
100713 100735 
100713 100739 
100713 100714 
100713 100736 
100504 100507 
100507 100513 
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Heptageniidae 

Cinygma 

Cinygma integrum 

Cinygmula 

Cinygmula subaequalis 

Epeorus 

Epeorus iron 

Epeorus ironopis 

Epeorus albertae 

Epeorus deceptivus 

Eoeorus disoar 

Epeorus grandis 

Eoeorus Iongirnanus 

Epeorus pleuralis 

Epeorus rubidus 

Ironopsis grandis 

Heptagenia 

Heptagenia criddlei 

Heptagenia diabasia 

Heptagenia elegantula 

Heptagenia: flavescens · 

Heptitgenia julia 

Heptagenia marginalis 

Heptagenia puiia 

Heptagenia simpliciodes 

Iron odes 

Leucrocuta 

Leucrocuta aphrodite 

Leucrocuta hebe 

Leucrocuta maculipennis 

Nixe 

Nixe simplicioides 

Nixe criddlei 

Nixe perfida 

Rhithrogena 

Rhithrogena arnica 

Rhithrogena exilis 

Rhithrogena fuscifrons 

Rhithrogena hageni 

Rhithrogena monisoni 

Rhithrogena robusta 

Stenacron 

Stenacron carolina 

Stenacron floridense 

Stenacron interpunctattim 

Stenacron pallidum 

Stenonema 

Stenonema carlsoni 

~ c "' c ., ... ...:u ""' ""' ~u <>,-.. ~,-.. ..<:: ..o...: '"' " "' 18 o.~ ::a::r.: t::,-.. E 0 .§ 
;3'~ oCl --~ .§. " c)S6 ~8 :zc ~~ <> a <> 

"' "' 
4 sc 
4 sc en 

sc 
4 sc en 

0 
1.2 0 0 sc en 

0 sc 
1 sc 
0 sc 
0 sc 

1 
0 sc 
0 sc 

2 
1.4 

3 sc 
2.8 3 4 sc en sw 

sc 
1.9 

4 .SC 

OM 
0.5 
2.5 
2.3 

sc 
4 sc en 

0 I 2.4 1 sc GC en 

2.5 -1 
2.7 
2.1 

4 sc GC en 

2 SH 

2 SH 

5.1 
0.4 0 0 sc en 

0 
0 
0 

GC 

sc 
GC 

3.1 4 sc en 

1.7 
OM 

7.1 7 OM 
2.9 

2 4 sc en 

2.1 
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Regional Tolerance Values 
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100507 1005.14 Stenonema ex.iguum 1.9 OM 
100507 100516 Stenonema femoratum 7.5 5 3.1 

100507 100521 Stenonema integrum 5.5 4 OM 
100507 100527 Stenonema ithaca 4.1 

100507 Stenonema lenati 2.3 

100507 100530 Stenonema mediopunctatum L7 3 1.9 

100507 100531 Stenonema meririvulanum 0.3 

100507 206616 Stenonema mex.icanum integrum 2.6 OM 
.100507 100532 Stenonema modestum 5.8 I sc 
100507 100536 Stenonema pudicum 2.1 

100507 100509 Stenonema pulchellum 2.3 

100507 100541 Stenonema smithae OM 
100507 100542 Stenonema terminatum 4.5 4 2.3 

100507 100548 Stenonema vicarium I 2 2.3 

100503 100951 Siphlonuridae 7 GC 
100953 Siphlonurus 2.6 7 7 GC 

100953 100955 Siph1oniuus ocCidentalis 7 GC sc 
Acanthametropodidae 

100951 100996 Ame1etus 0 GC 
100996 101019 Ameletus celer 0 GC sc 
100996 101009 Ameletus lineatus 2.1 0 
100996 101012 Ameletus simi1ior GC 
100996 101005 Ameletus connectus GC 
100996 101006 Ame1etus cooki 0 GC 
100996 101013 Ameletus sparsatus GC 
100996 101002 Ame1etus va1idus GC 

100996 101003 Ameletus ve1ox. 0 GC 
101094 101232 Ephemerellidae 1 GC 
101232 101338 Attenella 3 GC 
101338 101340 Attenella attenuata 2.6 3 
101338 101345 Attenella delanta1a 3 GC 
101338 101343 Attenella margarita GC 
101232 101347 Caudatella 1 GC 
101347 Caudatella cascadia 1 GC 
101347 Caudatella edmundsi sc 
101347 101351 Caudatella heterocaudata GC 
101347 101348 Caudatella hystrix. sc 

Caurinella 0 GC 
Caurinella idahoensis 0 GC 

101232 101365 Drunella 0 PR 
101365 Drunella allegheniensis 1.3 
101365 101389 Drunella coloradensis PR 
101365 Drunella conestee 0 

101365 101366 Drunella cornutella 0 

101365 101368 Drunella doddsi sc 
101365 101392 Drunella flavilinea sc 
101365 101370 Drunella grandis GC 
101365 185972 Drunella lata 0.1 
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Parent TSN 
TSN 

1013.65 
·101365 101385 
101365 185974 
101365 185973 
101365 
101232 101233 
101233 101251 
101233 101255 
101233 101259 
101233 .101262 
101233 101280 
101233 101239 
101233 101240 
101233 101282 
101233 101285 
101233 101291 
101233 101296 
101233 101299 
101233 101305 
101232 101324 
101324 101334 
101324 
101324 
101324 101332 
101324 101326 
101324 193519 
101324 
101232 1()1395 

101395 
101395 101396 
101395 
101395 185976 
101395 185975 
101395 
101395 101399 

101317 
101317 101318 
101360 101361 
101360 101363 
101094 !01095 
101095 101108 
101108 101114 
101095 101183 
101183 101184 
101095 101122 
101122 101124 
101095 101148 
101148 
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"' 
Drunella pelosa sc 
Drunella spinifera PR 

Drunella tuberculata 0.2 
Drunella walkeri 1 
Drunella wayah 0 
Ephemerella 2.9 1 GC en SW 

Ephemerella alieni GC 
Ephemerella aurivillii GC 
Ephemerella bemeri 0 
Ephemerella catawba 4 1 
Ephemerella hispida 0.6 
Ephemerella inermis SH 

Ephemerella infrequens GC 
Ephemerella invaria 2.2 1 
Ephemerella lacustris 1 GC 
Ephemerella needhami 0 2 
Ephemerella rotunda 2.8 OM 
Ephemerella septentrionalis 2 
Ephemerella trilineata OM 
Eurylophella 2.1 4 sc en sp 

Eurylophella bicolor 5.1 1 
Eurylophella coxalis 2.6 
Eurylophella doris GC 
Eurylophella funeralis 2.3 
Eurylophella temporalis . 4.6 5 GC 
Eurylophella trilineata GC 
Eurylophella verisimilis 0.3 
Serratella 0.6 2 2 GC en 

Serratella carolina 0 
Serratella deficiens 2.7 2 2.1 2 
Serratella micheneri 1 GC 
Serratella serrata 2.7 1 GC 
Serratella serratoides 1.5 
Serratella teresa GC 
Serratella tibialis GC 
Timpanoga 7 GC 
Timpanoga hecuba 7 GC 
Dannella !ita 0 4 
Dannella simplex 3.9 2 1.2 
Leptophlebiidae 2 GC 
Choroterpes 4 GC en S]?_ 

Choroterpes hubbelli OM 
Habrophlebia sw en 

Habrophlebia vibrans 0 OM 
Habrophlebiodes sw en 

Habrophlebiodes brunneipennis 

Leptophlebia 6.4 4 2 GC sw en 

Leptophlebia bradle-.,ii OM 
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Regional Tolerance Values 

Functional 
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Feeding Group 
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I01148 10116I Leptophlebia intennedia OM 

10I095. I01187 Paraleptophlebia 1.2 I 2.8 1 I GC 

101187 IOI206 Paraleptophlebia bicomuta 4 GC 

IOII87 IOII93 Paraleptophlebia debilis GC 

IOI187 I01195 Paraleptophlebia gregalis 4 GC 

IOI187 101212 Paraleptopblebia heteronea 2 GC: 

101187 101214 Paraleptophlebia memorialis 4 GC 

101187 101227 Paraleptophlebia vaciva 4 GC 

101187 101I99 Paraleptophlebia volitans OM 

I01094 101404 Tricorythidae 4 GC 

101404 I01405 Tricorythodes 5.4 4 2.7 5 4 GC 

101405 101406 Tricorythodes albilineatus GC 

101405 10I413 Tricorythodes minutus 4 GC 
10I429 Leptohyphes 2 

10I429 10I432 Leptohyphes dolani 

Baetiscidae 

101493 101494 Baetisca 4 GC 

101494 101497 Baetisca becki OM 

I01494 Baetisca bemeri 0.6 
101494 101499 Baetisca carolina 3.6 5 

101494 I01503 Baetisca gibbera I.4 
I01494 10I495 Baetisca obesa OM 
101494 101506 Baetisca rogersi OM 

Metretopodidae 

Siphloplectron 3.I 2 2 PR 
Isonychiidae 

101029 10I041 Isonychia 3.8 2 1.9 2 FC 

I01041 10I069 Isonychia arida 

IOI041 10I060 Isonychia sayi 

IOI041 I01062 Isonychia sicca 

Neoephemeridae 

10I460 I0146I Neoephemera GC 
IOI461 101463 Neoephemera compressa GC 

10I461 10I464 Neoephemera purpurea 2.1 
I0146I 101465 Neoephemera youngi GC 

IOI523. I01524 Dolania americana 

Anthopotamus 3.2 
10I5IO Potamanthus 1.6 4 

1092I5 I092I6 Coleoptera PR 
I11952 11I953 Amphizoa I PR 

I09226 I09234 Carabidae 4 PR 

I09234 1II436 Chlaenius 

I09226 III963 Dytiscidae 5 PR 

1I2072 II2073 Agabetes acuductus ·PR 

II1963 III966 Agabus 8 5 PR 

111963 II23I9 Bidessonotus 

111963 112322 Bidessus 

111963 112362 Braehvvatus 
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Parent 
TSN 

TSN 

111963 112136 

112136 112142 

ll2379 

111963 112561 

112561 112567 

111963 112371 

112371 112375 

111963 112364 

111963 112153 

112153 

111963 112159 

111963 112145 

112118 

111963 112172 

111963 112390 

112390 112423 

112390 112418 

111963 112257 

112257 112259 

112257 112259 

112259 112261 

111963 112200 

111963 112181 

111963 112268 

111963 112278 

112278 112281 

112281 112283 

112278 112299 

112278 112285 

112278 112298 

112270 112276 

111963 112580 

111963 112595 

111963 112314 

112314 

111963 112086 

i12109 112113 

111963 112575 

109226 112653 

112653 112711 

112711 112718 

112711 112715 

112711 112713 

112711 112727 

112711 112719 

112711 112717 

112653 112706 

112706 112707 
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Celina 5 PR sw dv 

Oi1ina contiger PR 

Colymbetes 5 PR sw dv 

Copelatus 9.1 5 PR sw dv 

Copelatus caelatipennis PR 

Coptotomus 9 PR sw dv 

Coptotomus·interrogatus PR 

Cybister PR sw dv 

Deronectes 5 PR sw 

Deronectes striatellus PR 

Derovatellus sw cb 

Desmopachria 5 PR sw cb 

Dytiscus 5 PR sw dv 

Hydaticus 5 PR sw dv 

Hydroporus 8".9 4.1 5 5 PR sw· cb 

Hydroporus mellitus 1.8 

Hydroporus pilatei PR 

Hydrovatus PR 

Hydrovatus pustulatus PR 

Hydrovatus pustulatus PR 

Hydrovatus pustulatus compressus PR sw cb 

Hygrotus PR sw dv 

Ilybius 5 PR 

Laccodytes PR SW dv 

Laccophilus 10 7.9 5 5 PR 

Laccophilus fasciatus PR 

Laccophilus fasciatus rufus PR 

Laccophilus genn1is PR 

Laccophilus proximus PR 

Laccophilus schwarzi PR 

Laccornis clifformis sw cb 

Liodessus PR sw cb 

Neoclypeodytes PR sw cb 

Oreodytes 5 PR 

Oreodytes congruus 5 PR sw dv 

Rhantus 

Themionectus basillaris PR SW cb 

Uvarus 

Gyrinidae 5 PR SW dv 

Dineutus 5.5 3.7 4 4 PR 

Dineutus carolinus 

Dineutus ciliatus 

Dineutus discolor 

Dineutus emarginatus 

Dineutus nigrior 4 PR 

Dineutus seriulatus sw dv 

Cyretes 

Cyretes iricolor sw dv 
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Regional Tolerance Values 

Functional 

~ 
Feeding Group 

Parent 3: .g 
TSN Scientific Name 

"0 

Wi §,...., ~ TSN 
f1 

~ ~ Wi ::: ';:ICIJ 
~ "' "' .... ~u "0 

.£5,.-., .,,...., ~@' ~g 
c 

~~ ;3:[ ~~ E 0 

~e, ·c: <.> 
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112653 112654 Gyrinus 6.3 3.6 5 4 PR 

112654 112661 Gyrinus aeneolus 4 PR 

112654 112704 Gyrinus lugens 

112654 112701 Gyrinus pachysomus 

109226 111857 Haliplidae 7 

111857 111947 Brychius sc 
111947 111948 Brychius hornii 

111857 111858 Haliplus 

111858 111872 Halip1us fasciatus 5 SH 

111857 111923 Pe1todytes 8.5 7 5 SH 

111923 111926 Pe1todvtes duodecimpuntatus 

111923 111927 Pe1todytes floridensis 

111923 111928 Pe1todvtes lengi 

111923 111929 Peltodytes muticus 

111923 111930 Peltodytes Oj)Jlositus 

111923 111932 Peltodytes sexmacu1atus 

109226 112606 Noteridae PR 

112606 112623 Hydrocanthus 6.9 

112623 112626 Hydrocanthus iricolor OM 
112623 112624 Hydrocanthus oblongus OM 

112606 112621 Notomicrus 

112636 193587 Suphis inflatus 

112606 112607 Suphisellus OM 
112607 112614 Suphisellus floridanus OM. 

112607 112613 Suphisellus_g~"bbulus 

112607 193586 Suphisellus insularis OM 

112607 112610 SuphiselltlS_])_uncticollis OM 

112745 Hydroscapha 7 sc 
112736 112737 Sphaeriidae 8 8 FC 

114496 114509 Chrysome1idae SH 

114509 114613 Agasicles 

114613 114614 Agasicles hygrophila SH 

114509 114615 Disonycha SH 

114509 114510 Donacia SH 

114509 114546 Pyrrha1ta 

113844 113869 Melyridae PR 
114654 i 14666 Curculionidae SH 

114666 114667 Anchytarsus SH 

114667 114668 Anchytarsus bicolor 3.8 SH 

114037 Lutrochus 

114037 114038 Lutrochus laticeps 2.9 

114666 114779 Bagous SH 

114779 Bagous carinatus SH 
114666 114676 Phvtobius SH 

114679 Stenopelmus SH 

206639 206640 Tyloderma capitale 

113918 113923 Helodidae ( = Scirtidae) 

\113924 Scirtidae 

Rapid Bioassessment }'rotocolsfor Use in Streams and Wadeable Rivers: Periphyton, Benthic 
Macro invertebrates, and Fish, Second Edition 

A010302 

Habit/ 
Behavior 

~ 

~ "' "0 c 
E 0 

"§. <.> 
1;l 

en 

cb 

cb en 

cb 

bu 

cb 

en 

en 

en 

en 

en cb 

SIJ. en 

en 

en cb 

cb 

B-21 



Parent TSN 
TSN 

113923 113948 

113923 113969 

113923 113925 

113923 113929 

113998 114278 

114278 114279 

113998 113999 

113999 114025 

113999 114006 

114006 114011 

114006 1.14013 

114006 114009 

114006 114017 

114017 114019 

113999 . 114001 

114001 114004 

113998 114093 

114196. 

114196 114197 

114093 114193 

114193 114194 

114093 114251 

114093 114164 

114164 114166 

114164 114165 

114093 114208 

114093 114126 

114126 114129 

114126 

114126 114130 

114126 114131 

114093 114216 

114216 114217 

114093 114237 

114093 114167 

114167 114169 

114167 114168 

114093 114137 

114137 114139 

114093 114212 

il4212 114213 

114093 114146 

114146 114147 

114147 114151 

114146 114160 

114093 114142 

114142 114144 

114093 114177 
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Cyphon 7 sc cb Sl'_ 

Elodes cb sp 

Prionocyphon cb 

Scirtes 

Chelonariidae 

Chelonarium lecontei 

Dryopidae (adult) SH cb 

Dryops (adult) en 
Helichus (adult) 5.4 5 3.2 5 SH 

Helichus basalis (adult) 

Helichus fastigiatus (adult) 

Helichus lithophilus (adult) 

Helichus striatus (adult) 5 SH 

Helichus striatus foveatus (adult) 5 SH cb 

Pelonomus (adult) 

Pelonomus obscurus (adult) 

Elmidae · 4 GC en bu 

Ampumixis 4 GC sc en bu 

Ampumixis dispar 4 GC en sp 

Ancyronyx OM 

Ancvronvx variegatus 6.9 6 4 OM en 
Atractelmis 4 GC en 
Cleptelmis 4 GC 

Cleotelmisaddenda 4 GC sc en 
Cleptelmis ornata 4 GC en 
Cvlloepus 4 GC sc en cb 

Dubiraphia 6.4 6 4.7 4 6 GC sc 
Dubiraphia bivittata 3.1 OM 

Dubiraphia giullianii 6 sc 
Dubiraphia quadrinotata 3.2 OM 

Dubiraphia vittata · OM en cb 

Gonielmis 5 GC 

Gonielmis dietrichi OM en 

Heterelmis 4 GC en 

Heterlimnius 4 GC 

Heterlirnnius corpulentus 4 GC en bu 

Heterlirnnius koebelei 4 GC sc en 

Lara 4 SH 

Laraavara 4 SH en 

Macronychus OM 

Macronychus g;labratus 4.7 4 2,9 OM en cb 

Microcylloepus 4 GC sc 
Microcylloepus pusillus 2.1 3 2 GC 

Microcylloepus pusillus lodingi OM 

Microcylloepus similis 2 GC en 
Narpus 4 GC 

Narpus concolor 4 GC en 
Optioservus 2.7 4 3.6 4 4 sc 
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Regional Tolerance Values 

Functional 

~ Feeding Group 

Parent 
;::: .8 

TSN Scientific Name 
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114177 193732 Optioservus castanipennis 4 sc 
114177 114178 Optioservus divergens 4 sc 
114177 114190 Optioservus fastiditus 1.9 4 4 sc 
114177 114180 Optioservils quadrirnaculatus 4 sc 
114177 114181 Optioservus seriatus 4 sc 
114093 114235 Ordobrevia 4 

114235 Ordobrevia nubrifera 4 GC 
114093 114244 Oulirnnius 4 sc 
114244 114245 Oulirnnius latiusculus 1.8 

114093 114229 Prornoresia 2 sc 
114229 114230 Prornoresia elegans 2.2 OM 
114229 114231 Prornoresia tardella 0 2 sc 
114093 114198 Rhizelrnis I sc 
114093 114095 Stene!rnis 5.4 5 3 7 5 sc 
114095 114117 Stenelrnis antennalis OM 
114095 114118 Stenelrnis convexula OM 
II4095 114102 Stene!rnis crenata OM 
114095 114104 Stenelrnis decorata 5 sc 
114095 114121 Stenelrnis fuscata OM 
114095 114105 Stenelrnis hurnerosa OM 
114095 114106 Stenelrnis hungerfordi sc 
114095 114108 Stenelmis rnarkeli 5 sc 
114095 114II4 Stenelrnis sinuata OM 
114095 114115 Stenelrnis vittipennis OM 
114093 II4205 Zaitzevia 4 GC 
114205 114207 Zaitzevia rnilleri 4 GC 
114205 Zaitzevia parvula .4 GC 
113998 114069 Psephenidae 4 sc 
114069 114087 Ectopria 4 5 sc 
114087 114088 Ectopria nervosa 4.3 5 4 sc 
114069 II4085 Eubrianax 4 sc 
I 14085 II4086 Eubrianax edwardsi 4 sc 
I I4069 114070 Psephenus 4 sc 
Il4070 I I4074 Psephenus falli 4 sc 
114070 I I4072 Psephenus herricki 2.5 4 3.5 

I 14265 1I4266 Anchycteis 

114266 I I4267 Anchycteis velutina 

I I4265 II4273 Ptilodactyla 5 SH 
I I2752 112756 Hydraenidae 5 PR 
I I2756 112757 Hydtaena 5 PR 
I12757 112758 Hvdraeha pennsvlvanica 

II2756 II2777 Ochthebius 

112777 112793 Ochthebius sculptus 5 PR 
112752 112811 Hydrophilidae 5 PR. 

112890 Ametor 5 
112811 1128I2 Berosus 8.6 6.7 5 PR PI 
II28I2 II2824 Berosus perei?;rinus 

II28I2 11282I Berosus striatus 
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Parent 
TSN 

TSN 

.11281 I 112845 

11281 I 113220 

11281 I 113017 

112811 113087 

113087 113088 

113085 113086 

112811 112973 

112973 112990 

112811 I 13162 

113162 113165 

112811 113150 

11281I I 13106 

112811 113244 

113244 113245 

112811 113196 

113196 113200 

I I281I I 13166 

11281I 113204 

I I2811 112858 

11281I 112909 

1I2811 112931 

112931 112932 

112811 112938 

112938 112951 

112938 112944 

112944 112946 

112938 I93660 

113264 113805 

113264 '113265 

113265 113304 

113265 I 13576 

113265 I 13440 

114413 114429 

1092I5 I52741 

109215 117232 

117294 117318 

117915 117952 

117639 117641 

117641 117741 

117641 117672 

117672 117677 

117641 117756 

117641 117642 

117641 117682 

117654 117656 

117906 117909 

117854 117856 

I09215 115000 
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Regional Tolerance Values 

Functional Habit/ 

~ 
Feeding Group Behavior 
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Chaetarthria 5 bu 

Crenitis 5 PR bu 
Cymbiodyta sw dv 

Derail us OM 

Derallus altus OM 

Dibolocelus ovatus bu sp 

Enochrus 8.5 5 GC 

Enochrus ochraceus 

Helobata OM 

Helobata striata OM 

Helochares OM 

Helophorus 7.9 SH SW dv 

Hydrobiomorpha 

Hydrobiomorpha castus cb en 

Hydrobius 8 PR 

Hydrobius tumidus OM cb 

Hydrochus SH sw dv 

Hydrophilus 

Laccobius 8 1.9 PR 

Parilcymus 5 PR OM en 

Sperchopsis 5 5 PR CG 

Sperchopsis tessellatus 6.5 OM cb 

Tropisternus 9.8 5 10 PR 

Tropisternus blatchleyi 

Tropisternus lateralis 

Tropisternus lateralis nimbatus 

Tropisternus striolatus 

Ptiliidae 

Staphylinidae 8 PR en 

Bledius PR sk 

Stenus bu 

Thinopinus 

Sa1pingidae 

Hymenoptera 8 PA 

Lepidoptera 6 SH sc 
Noctuidae SH bu 

Pyroderces 5 
Pyralidae 5 SH cb 

Acentria 1 SH cb 

Munroessa SH 

Munroessa gyralis SH cb 

N eargyractis SH cb sw 

Paraponyx 5 SH en 

Petrophila 2.7 5 sc cb sw 

Synclita obliteralis SH 

Prionoxystus 5 

T ortricidae 

Megaloptera 
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Regional Tolerance Values 

Functional 

~ Feeding Group 
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115000 115023 Corydalidae 0 PR 

115023 115024 Chauliodes PR 

115024 115027 Chauliodes pectinicornis PR 

115024 115025 Chauliodes rastricornis PR 

115023 115033 Corydalus PR 

115033 115034 Corydalus cornutus 5.6 6 2.4 PR 

115023 115048 Neohermes 

115023 115028 Nigronia PR 

115028 I 15029 Nigronia fasciatus 6.2 1.8 PR 

"115028 115031 Nigronia serricornis 5.5 0 3.6 PR 

115023 115044 Orohermes 0 PR 
I 15085 115086 Climacia 

115086 115087 Climacia areolaris 6.5 

115085 115090 Sisyra PI 

115000 115001 Sialidae 

115001 115002 Sialis 7.4 4 4.9 4 4 PR 

115002 193739 Sialis americana PR 

115002 115017 Sialis iola PR 

115002 115010 Sialis mohri PR 

109215 115095 Trichoptera 

Beraeidae 

116489 116490 Beraea 
115095 116905 Brachycentridae 1 FC 

116905 116933 Amiocentrus I GC 
116933 116934 Amiocentrus aspilus 2 GC 

116905 116906 Brachycentrus 2.2 I FC 

116906 116912 Brachycentrus americanus 1 FC 

116906 116921 Brachycentrus appalachia 1.1 
116906 116922 Brachvcentrus chelatus 0 
116906 116914 Brachycentrus Iateralis 0.4 1 
116906 116916 Brachycentrus nigrosoma 2.2 
116906 116910 Brachycentrus numerosus 1.8 I 

11.6906 116918 Brachycentrus occidentalis 1 FC 

116906 116924 Brachycentrus spinae 0 
116905 116958 Micrasema I 2 SH 

116958 116967 Micrasema bactro 1 
116958 Micrasema bennetti 0 
116958 I 16966 Micrasema burksi 0 
116958 116959 Micrasema charonis 0.3 
116958 Micrasema rickeri 0 
116958 116961 Micrasema rusticum 0 OM 

116958 116960 Micrasema wataga 3.2 2 OM 

116905 116973 Oligoplectrum 1 GC 
115095 116529 Calamoceratidae 
116529 116530 Anisocentropus SH 

116530 116531 Anisocentropus pyraloides 0.8 SH 
116537 553090 Heteroplectron americanum 2.9 3 SH 
116537 116538 Heteroplectron californicum I SH 
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.. ·J· 

Parent TSN . TSN 

115933 116331 

115933 116046 

116046 116047 

116046 116050 

116046 116065 

116046 116057 

116046 116052 

116046 116054 

116046 116063 

115933 116388 

116388 116389 

115933 116039 

115095 117120 

117120 117121 

117120 117154 

115236 115238 

117120 117159 

117159 117165 
117159 117167 

117159 117162 

117159 117160 

117159 117202 

117159 117220 
115246 115247 

115096 115221 

115221 183768 
115221 115232 

115095 117015 

117015 1!7016 

117016 1!7020 

115095 115398 

115398 1!5529 

115529 115538 

115529 115530 

115529 115533 

115398 115570 

115570 115596 

115570 

115570 115577 
115570 

115570 115580 

115570 115586 
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Regional Tolerance Values 

Functional Habit/ 

"' Feeding Group Behavior ., 
.8 

"' Scientific Name ""' "' 
c c c gj ::E t; ., ~u;-

Uenoidae 

Farula 

Neophylax 

Neophlax concinnu5 

Neophlax mitchelii 

Neophylax occidentalis 

Neophlax oligius 

Neophlax ornatus 

Neophylax rickeri 

Neophylax splendens 

Neothremma 

Neothremma alicia 

Oligophlebodes 

Sericostriata 

Sericostriata surdickae 

Glossosomatidae 

Agapetus 

Anagapetus 

Culoptila cantha 

Glossosorna 

Glossosoma penitus 

Glossosoma alascense 

Glossosoma intermedium 

Glossosoma montana 

Glossosoma ·oregonense 

G1ossosoma wenatchee 

Matrioptila ieanae 

Protoptila 

Protoptila coloma 

Protoptila tenebrosa 

Helicopsychidae 

Helicopsyche 

Helicopsyche borealis 

Hydropsychidae 

Hydropsychidae 

Arctopsychinae 

Arctopsyche 

Arctopsyche californica 

Arctopsyche grandis 

Arctopsyche irrorata 

Hydropsychinae 

Ceratopsyche 

Ceratopsyche alhedra 

Ceratopsyche bifida 

Ceratopsyche bronta 

Ceratopsyche rnacleodi 

Ceratopsyche rnorosa 

Ceratopsyche slossonae 

] c "' c "' ., ... ., ...:u ""' ""' 5u .,~ :l:~ "' 0: "' " o.- :Es ~~ ~..: .§ 0 a 0 ae- 5~ oO ·- ~ 0 ·g_ 0 
~~ zc ~~ l5.. ., ., 

"' "' 
0 sc 

sc 
r.o 3 3 sc 
1.2 

0 

3 sc 
2.6 

1.6 

3 sc en 

3 sc 
0 sc ·en 

0 sc SP 

I sc 
0 sc 
0 sc 
0 sc en 

0 0 sc 
0 sc en 

0 sc en 

1.5 0 sc 
sc 
sc 

0 sc 
sc 
sc 
sc 

0 

2.8 1 1 sc 
I sc 
1 sc sp 

3 sc en 

3 sc 
0 3 1.8 3 sc 

4 4 FC 

2 FC en 

I FC 

2 FC OM 

2 FC en 

0 

FC 

-FC en 

0 3 

1 

2.7 5 

0.9 

3.2 2 1.8 

0 4 2 
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Regional Tolerance Values 

Functional 

1 Feeding Group 

Parent 
.g 

TSN Scientific Name i 5,...., 1:-TSN I' 
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~[ ~£ '€,...., 0::: 
::lU ~~ E 8 ales ~Q, z§. 't:: 

~ 0. 

115570 115589 Ceratopsyche sparna 3.2 I 3.2 

115570 Ceratopsyche ventura 0 

115398 115408 Cheurnatopsyche 6.6 5 2.9 5 5 FC 

115408 115409 Cheumatopsyche campyla 6 FC 

115408 115441 Cheurnatopsyche enonis 6 FC 

115408 115426 Cheurnatopsyche pettiti 6 FC 

115398 115399 Dipleetrona 0 FC 

115399 115402 Diplectrona modesta 2.2 FC 

115398 115618 Homopleetra 

115398 115453 H_y_dro~)'che 4 4 FC 

115453 115456 Hydropsyehe aerata 2.6 

115453 115454 J!ydro])_syche betteni 8.1 6 4 FC 

115453 115458 Hydropsyche bidens 2.5 

115453 115455 Hydropsyche califomica 4 FC 
115453 115462 Hydropsyche decalda 4.1 FC 

115453 115463 Hydropsyche demora 1.8 

115453 115465 Hydropsyche dicantha 3.5 

115453 115488 Hydropsyche elissoma FC 
115453 115468 Hydropsyche frisoni 1.8 

115453 115469 Hydropsyche hageni 0 
115453 115471 Hydropsyche incommoda 5 7 
115453 115474 Hydropsyche mississippiensis FC 
115453 115513 Hvdropsyche occidentalis 4 FC 
115453 115485 Hydropsyche orris 2.6 

115453 115490 Hydropsyche oslari 4 FC 
115453 115477 Hydropsyche phalerata 3.7 I 

115453 206641 Hydropsyche rossi 4.9 

115453 115480 f!ydro~syche scalaris 3 2 

115453 115481 Hydropsyche simulans 2.4 
115453 115527 J!ydro~syche_sparna 4 FC 

115453 115484 Hydropsyehe venularis 5.3 2.9 
115453 115482 Hydropsyehe valanis 3 

115398 115603 Macrostemurn 3.6 3 3 FC 

115603 115608 Maerostemurn carolina FC 

115603 115606 Macrostemurn zebraturn 1.8 

115398 115556 Parapsyche I PR 
115556 115563 Parapsyche almota -3 PR 
115556 115559 Parapsyehe cardis 0 

115556 115560 Para psyche elsis 1 PR 
115398 115551 Potamyia FC 
115551 115552 Potamyi_a flava 2.5 FC 
115095 115629 Hydroptilidae 4 

115629 115635 A~ylea 5.7 8 
115629 115826 Dibusa 

115826 115827 Dibusa angata 2.6 

115629 115641 Hydroptila 6.2 6 3.2 6 6 sc PR 
115641 115643 H_y_droi'_tila aiax 6 sc 
115641 115695 Hydroptila arctia 6 sc 
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Parent TSN 
TSN 

I 

115641 115696 

115629 115630 

115630 115631 

115629 115811 

115811 115812 

115629 115833 

115833 

115629 115714 

.115629 115714 

115629" 115828 

115629 115779 

115629 115817 

.115095 116793 

116793 116794 

116794 116888 

116794 116870 

115095 116547 

116547 116684 

116684 116696 

116684 

116684 116725 

116684 

116547 116598 

116598 116599 

116547. 116651 

116651 116661 

116651 116663 

116651 116659 

116651 116662 

116651 116660 

116651 

116651 

116651 

116547 116607 

116607 

116607 116608 

•116607 116609 

116607 116643 

116607 116613 

116607 116631 

116607 116636 

116547 116548 

116547 116565 

116565 206642 

116565 116569 

116565 206643 

116565 116571 

B-28 

Regional Tolerance Values 

Functional Habit/ - Feeding Group Behavior i3 
0!: .Ol 

Scientific Name 
-o 

~ 
-;:; c c ~ ·:2 t; ~Ci) 

Hvdroptila argosa 

Leucotrichia 

Leucotrichia pictipes 

Mayatrichia 

Mayatrichia ayama 

Neotrichia 

N eotrichia halia 

Ochrotrichia 

Ochrotrichia: 

Orthotrichia 

Oxyethira 

Stactobiella 

Limnephi1oidea 

Lepidostomatidae 

Lepidostoma 

Lepidostoma cinereum 

Lepidostoma quercinum 

Leptoceridae 

Ceraclea 

Ceraclea ancy Ius 

Ceraclea flava 

Ceraclea maculata 

Ceraclea transversa 

Mystacides 

Mystacides sepu!chralis 

Nectopsyche 

~ectopsyche candida 

N ectopsyche diarina 

Nectopsyche exquisita 

N ectopsyche gracilis 

Nectopsyche pavida 

Nectopsyche halia 

Nectopsyche lahontanensis 

Nectopsyche stigmatica 

Oecetis 

Oecetis parva 

Oecetis avara 

Oecetis cinerascens 

Oecetis georgia 

Oecetis inconspicua 

Oecetis noctuma 

Oecetis persimilis 

Set odes 

Triaenodes 

Triaenodes abus 

Triaenodes flavescens 

Triaenodes florida 

Triaenodes ignitus 

c "' c "' "' ~ "' -.;:u -o -o 
--=~ "'~ O:~ --= "' " "' " ;:;u .,._ :g;:r: t::~ -o-< E 0 s 0 

a e. 5~ ~8 oCl -- ~ ·g_ 0 ·g_ 0 zc ~~ ~ ~ 

6 sc en 
6 sc en 

4.3 2 

6 sc 
sc en 

3.6 sc 
4 SH en 

7.2 4 GC en 

4 GC cb 

6 sc en 

5.2 

2 SH cb sp 

3 SH 

I I I I SH 

3 SH 

I SH sp cb 

4 GC cb SW 

2.6 5 3 GC en sp 

2.5 3 

0 

6.4 3.6 

2.7 

4 4 GC 

3.5 4 

2.4 3 3 SH 

3.8 OM 

3.2 

4.2 3 OM 

3 sc 
4.2 2.1 OM 

3 sc 
3 sc sp cb 

3 sc sp cb 

5.7 8 3 8 8 PR 

8 

8 

sp en 

8 sw cb 

0.9 2 OM 

6 6 

4.3 SH 

SH 

SH 

SH 
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Functional 
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Feeding Group 
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I 16565 116574 Triaenodes injusta 2.2 

116565 116575 Triaenodes mar~inatus 6 6 sh 

116565 116577 Triaenodes ochraceus SH 

116565 206644 Triaenodes pema SH 

116565 116580 Triaenodes tardus 4.7 6 SH 

115095 115933 Limnephilidae 4 4 SH 

115969 115970 Allocosmoecus partitus 0 sc 
115867 115907 Cryptochia 0 SH 

116438 Allomvia 0 sc 
115933 116253 Amphicosmoecus SH 

115956 Anabolin SH 

115933 115935 Apatania 0.6 I sc 
Apataniinae I sc 

116247 Arctopora 

115933 116017 Chvranda I SH 

116017 116018 Chyranda centralis I SH 

115933 116013 Clostoeca SH 

115933 .116023 Desmona I SH 

Dicosmoecinae I sc 
115933 116265 Dicosmoecus I SH 

116265 116266 Dicosmoecus atripes I PR 

116265 116268 Dicosmoecus ~ilvipes 2 sc 
i16340. 116342 Ecc!isocosmoecus scylla 0 SH 

115933 116025 Ecc!isomyia 2 GC 

Eocosmoecus SH 

Eocdsmoecus schmidi SH 

115933 116030 Glyphopsyche I 

115933 116309 Grammotaulius 4 SH 

115933 116295 Grensia 6 SH 

115933 116001 Hesperophylax 5 SH 

115933 116286 Homopfu'lax 0 SH 

115933 115995 Hydatophylax I SH 

115995 115997 H_y_datojlilylax ar_gus 2.3 2 SH 

115933 116381 !mania sc 
115933 116382 Ironoquia 

116382 116385 Ironoquia punctatissima 7.3 3 

Limnep]lilinae 4 SH 

115933 116069 Limnephilus 5 SH 
115933 116344 ManopilyJax sc 
115933 116379 Mose!yana 4 GC 

115933 116315 Onocosmoecus 1 SH 

116315 116318 Onocosmoecus unicolor 2 SH 

115972 115973 Pedomoecus sierra 0 sc 
115933 116407 Platycentropus 

115989 Pseudostenophylax I SH 

115933 115974 PsychoglyjJha 1 GC 

115974 115977 Psychoglypha bella 2 GC 

115974 115981 Psychoglypha subborealis 2 GC 

Rapid Bioassessment Protocols for Use in Streams and Wadeable Rivers: Periphyton, Benthic 
Macroinvertebrates, and Fish, Second Edition 

A010310 

Habit! 
Behavior 

~ 

~ 
., 

"0 
c: 

E 0 
·c <.> 

"' "" "' 

en cb 

sp 

SP 

sp bu 

SP 

bu 

en 

SP 

en 
sp 

sp cb 

~ 
cb SP 

en 

sp_ 

SP 

en 
en 

cb 

sp 

sp cb 

B-29 



Parent 
TSN 

TSN 

115933 116409 

116409 116413 

116409 116414 

116409 116416 

116409 116417 

116473 

116473 116474 

116474 116478 

116474 116479 

116496 

116496 116520 

116496 116522 

116522 116523 

116496 116527 

116496 116497 

116497 116498 

115095 115257 

115257 115273 

115278 

115276 

115257 115319 

115257 115258 

115258 !15261 

115095 115867 

115892 

115867 115868 

115933 116423 

116423 116431 

115933 !16298 

115095 117043 

115334 115373 

115373 115375 

117043 117091 

117091 117092 

117043 117095 

117095 117098 

117043 117104 

117112 

117043 117044 

115334 115361 

115334 115395 

115095 115334 

115334 115391 

115391 115392 

115334 115335 
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Regional Tolerance Values 

Functional Habit/ 

I Feeding Group Behavior 
0 

·- "0 ~ -~ 
Scientific Name ~ ::§ ~ ~00 c c 

Pvenopsyche 

Pyenopsyche gentilis 

Pvcnopsyche guttifer 

Pyenopsyche lepida 

Pyenopsyche scabripennis 

Mo1annidae 

Molanna 

Molanna blenda 

Molanna try]Jhena 

Odontoceridae 

Namamyia 

)l"erophi1us 

Nerophi1us californicus 

Pseudogoera 

Psi1otreta 

Psilotreta frontalis 

Philopotamidae 

Chimarra 

Chimarra aterrima 

Chimarra obscura 

Dolophilodes 

Wormaldia 

Wormaldia gabriella 

Phryganeidae 

Phryganea 

Ptilostomis 

Goerinae 

Goera 

Goera archaon 

Goeracea 

Goereilla 

Polycentropodidae 

Cernotina 

Cernotina spicata 

Cvrnellus 

.Cyrnellus fraternus 

N eureclipsis 

Neureclipsis crepuscularis 

Nyctiophylax 

Nyctiophy1ax moestus 

Paranyctiophylax 

Polycentropus 

Phylocentro_pus 

Polyplectropus 

Psychomyiidae 

Lype 

L ype diversa 

Psychomyia 

-~ :;:: c "' c "' " ~ <u "0 "0 

~G "--- :;::..-. -" .0< "' = "' = c.~ ::2:I: t::--- -~ 0 -e 0 

:3"~ oO -- ::E 0 " ell e. ::ES zc- ::E~ " 1;l 
"' c. 

2.3 4 3.3 4 SH 

0.8 

2.7 SH SP en 

2.5 

4 SH 

6 sc sp 

3.9 4 

sp 

0 OM GC 

0 OM sp 

0 OM sp 

0 OM PR 

0 0 0 sc 
en 

3 3 FC en 

2.8 4 4 FC en 

1.9 

3.4 

1 1 GC 

0.4 3 FC 

sc 
SH cb 

4 OM 

6.7 5 5 SH en 

1 sc 
0.3 sn 

1 sc sb 

0 sc sp 

SH 

FC en 

PR· en 

PR 

FC en 

7.4 8 4 FC 

4.4 7 2.7 7 FC en 

0.9 5 2.5 5 FC en 

2.6 5 5 PR 
( 

3.5 6 3.4 6 5 PR FC en 

5.6 4 5 FC en 

GC 

sc bu 

4.3 2 2.8 sc 
2 sc 
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Regional Tolerance Values 

Functional 

~ 
Feeding Group 

Parent -~ 
TSN Scientific Name ~ ~ Wi § ..... 0 TSN Wi ::: ;:liZ) 

~ "' "' ... ic.> "0 

~~ "' ~~ ~g 
c 

:3=[ ~~ ·a 0 
·-o t) 

" ;:E._.. t:>. "' 
115335 115341 Psychomyia flavida 3.3 2 1.9 

115335 115346 Psychomyia lumina 2 sc 
115335 115344 Psychomyia nomada 2 

115334 115350 Tinodes 2 sc 
115095 115096 Rhyacophilidae 0 PR 

115096 115243 Himalopsyche PR 

115096 115097 Rhyacophila 0 PR 

115097 115098 Rhyacophila acropedes 1 PR 

115097 115160 Rhyacophila acutiloba 0 

115097 115163 Rhyacophila alberta PR 

115097 115099 Rhyacophila angelita PR 

115097 115165 Rhyacophi1a arnaudi PR 

115097 115146 Rhyacophila atrata 0 

115097 115101 Rhyacophila betteni PR 

115097 115102 Rhyacophila bifila PR 

115097 115153 Rhyacophila blarina PR 

115097 115151 Rhyacophila brunnea PR 

115097 1i513I Rhyacophila carolina 0 

115097 115156 Rhyacophila coloradensis PR 

115097 115133 Rhyacophila fuscula 2 0 

115097 115105 Rhyacophila grandis 1 PR 

115097 115(59 Rhyacophila hyalinata PR 

115097 115177 Rhyacophila iranda 0 PR 

115097 115134 Rhyacophila ledra 3.4 

115097 115147 Rhyacophila minor 0 

115097 115155 Rhyacophila narvae PR 

115097 115111 Rhyacophila nevadensis 1 PR 

115097 115138 Rhyacophila nigrita 0 

115097 115208 Rhyacophila oreia PR 

115097 115114 Rhyacophila pellisa 0 PR 

115097 115116 Rhyacophila rayneri 0 PR 

115097 115187 Rhyacophila robusta 

115097 115117 Rhyacophila rotunda PR 

115097 Rhyacophila sibirica 0 PR 

115097 115144 Rhyacophila torva 1.8 

115097 Rhyacophila trissemani 1 PR 

115097 115189 Rhyac<>phila tucula 

115097 115120 Rhyacophila vaccua PR 

115097 115191 Rhyacophila vaefes 1 PR 

115097 Rhyacophila vaeter 1 PR 

115097 115152 Rhyacophila vagri_ta PR 

115097 115121 Rhyacophila valuma 1 PR 

115097 I 15123 Rhyacophila velora 1 PR 

115097 115124 Rhyacophila vepulsa 

115097 115125 Rh)'acophila verrula 

115097 115195 Rhyacophila visor 1 PR 

115097 115197 Rhyacophila vofixa 0 PR 

115097 115148 Rhyacophila vuphipes 0 
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Parent 
TSN 

TSN 

115095 116982 

116982 . 116983 

116983 116991 

117012 117013 

116982 117003 

100900 103358 

'103358 103683 

103683 103717 

103717 103739 

103683 103684 

103684 103689 

103684 103687 

103684 103688 

103683 103699 

103358 103364 

103364 103514 

103364 103501 

103501 103504 

103364 103484 

"103364 103525 

103364 103547 

103364 103444 

103364 103491 

103364 103365 

103364 103369 

103369 103370 

103369 103398 

103364 181192 

103364 103423 

103423 103424 

103423 103429 

103358 103768 

103768 103769 

103358 103801 

103801 103829 

103829 103842 

103829 103841 

103801 103872 

103801 103857 

103857 103859 

103801 103881 

103881 103882 

103801 103802 

103802 103807 

103802 103804 

103801 103811 

103811 103815 

103964 103965 
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Regional Tolerance Values 

Functional Habit/ 
~ Feeding Group Behavior 
" .Sl :;: 

Scientific Name ~ 
:g 

l = c c ::E ~r;;-

Sericostorriatidae 

Agarodes 

Agarodes 1ibalis 

Fattigia pe1e 

Gtunaga 

Hemiptera 

Belostomatidae 

Abedus 

Abedus irnmaculatus 

Belostoma 

Be1ostoma fltuninetun 

Be1ostoma 1utaritun 

Be1ostoma testacetun 

Lethocerus 

Corixidae 

Callicorixa 

Cenocorixa 

Cenocorixa bifida 

Corisella 

Cymatia 

Graptocorixa 

Hesperocorixa 

Palmacorixa 

Ramphocorixa 

Sigara 

Sigara alternata 

Sigara washingtonensis 

Tenagobia 

T richocorixa 

Trichocorixa calva 

Trichocorixa sexcincta 

Gelastocoridae 

Gelastocoris 

Gerridae 

Gerris 

Gerris buenoi 

Gerris remigis 

Limnoporus 

Metro bates 

Metrobates hesperius 

Neogerris 

Neogerris hesione 

Rhetunatobates 

Rhetunatobates pa!osi 

Rhetunatobates tenuipes 

Trepobates 

Trepobates pictus 

Hebrus 

i'l c "' c "' " ~ -<u ] "0 ..c . :;:~ "' "' "' ~G "~ t~ '-< c.~ :g:I: :g ;:E I E 0 E 0 

c556 5~ ::E8 
0 Ci· '§. " '§. " :zc ::E~. 1;l 1;l 

SH 

sp 

0 3 

1.1 

3 SH 

PR cb SW 

PR 

PR cb sw 

PR 

9.8 PR 

PR 

PR cb SW 

PR 

PR SW 

9 10 5 PR SW 

PR 

PR SW 

8 PR SW 

PR SW 

8 PI SW cb 

PR SW 

SW 

5 PR SW cb 

9 PR 

sw 

8 GC SW cb 

8 

5 PR 

sP 

- PR 

PR sk 

5 PR 

PR 

5 PR sk 

5 PR sk 

PR 

PR sk 

PR 

PR sk 

PR 

PR 

sk 

10 PR cb bu 

PR cb bu 

PR sk cb 
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Regional Tolerance Values 

Functional 

~ 
Feeding Group 

" Parent 
TSN Scientific Name 

"0 
~ ·~~ ~ 

TSN I ~ ~ ~ ::: """' ~ "' "' <t!U "0 ,s ...... i[ ~$ ~6' = 
~~ ~£ e 0 

~e, 't: ~ :z;c p. "' 
103964 103986 Lipogomohus PR 

103964 103983 Merragata PR 

103983 103984 Merragata bnumea PR 

103983 103985 Merragata hebroides PR 

103938 103939 Hydrometra PR 

103939 103944 Hydrometra wi1eyae PR 

103358 103953 Mesoveliidae PR 

103953 103954 Mesovelia PR 

103954 103955 Mesovelia cryptophila PR 

103954 . 103956 Mesovelia mulsanti PR 

103358 103613 Naucoridae 5 PR 

103613 103614 Ambrysus PR 

103613 103665 Pelocoris 7 PR 

103665 103667 Pelocoris femoratus PR 

103358 103747 Nepidae PR 

103747 103748 Ranatra 7.5 PR 

103748 103749 Ranatra australis PR 

103'748 103750 Ranatra buenoi PR 

103748 103761 Ranatra drakei. PR 

103748 103755 Ranatra fusca PR 

103748 103751 Ranatra kirkaldyi PR 

103748 103754 Ranatra nigra PR 

103358 103557 Notonectidae PR 

103557 103558 Notonecta PR 

103558 103573 Notonecta irrorata PR 

103558 103575 Notonecta uhleri PR 

103358 103602 Pleidae PR 

103602 103603 Neoplea PI 

103603 103604 Neoplea striola PI 

103358 104063 Saldidae 10 PR 

104063 104069 Pentacora PR 

104063 104140 Saldula 10 PR 

103358 103885 Veliidae 

103885 103900 Microvelia 6 PR 

103900 103908 Microvelia hinei PR 

103900 103910 Microvelia pulchella PR 

103885 103923 Paravelia PR 

103923 103924 Paravelia brachialis PR 

103885 103886 Rhagovelia 6 PR 

103886 103894 Rhagovelia choreutes PR 

103886 103895 Rhagovelia disticta PR 

103886 103887 Rhagovelia obesa PR 

103935 Trochoous PR 

100500 102467 Plecoptera PR 

102468 102643 Capniidae I I SH 

102643 102644 Allocapnia 2.8 3 3 SH 

102643 102688 Capnia I SH 

102785 102786 Eucapnopsis brevicauda I SH 

Rapid Bioassessment Protocols for Use in Streams and Wadeable Rivers: Periphyton, Benthic 
Macro invertebrates, and Fish, Second Edition 

A0j~0314 

Habit/ 
Behavior 

~ 

~ "' "0 = e 0 

'&. ~ 
"' 

sk 

sk cb 

en SW 

cb SW 

cb 

sw cb 

sw cb 

cb 

sk 

sk 

sk 

en 

sp en 

sp en 

sp en 

B-33 



~\ 

Parent TSN 
TSN 

102788 102804 
102804 102805 
102468 102840 
102840 102841 
102841 102842 
102840 102844 
102840 102877 
102909 102910 
102840 102887 
102887 102890 
103202 103239 
102468 102517 
102517 102540 
102540 102541 
102540 102542 
102517 102567 
102517 102526 
102517 102632 
102517 102622 
102517 102605 
102517 102584 
102584 102585 
102517 102640 
102640 !02641 
102517 102556 
102517 102614 
102614 !02615 
102517 102591 
102591 102594 
l02591 !02596 
102591 102601 
102591 102597 
102468 102488 
102488 102489 
102994 103142 
102488 102500 
102500 102505 
102488 102510 
102510 
102510 102512 
102468 102470 
102470 102485 
102485 102486 
102485 102487 
102470 102471 
102471 102473 
102471 102478 
102471 102484 
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Regional Tolerance Values 

FlUlctional Habit/ 

J Feeding Group Behavior 
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Scientific N arne "" 1 
;:; c c ~ ::E - "'~ 

v 
Paracapnia 
Paracapnia angulata · 

Leuctridae 
Despaxia 
Despaxia augusta 

Leuctra 
~Megaleuctra 

Moselia infuscata 

Paraleuctra 
Paraleuctra occidentalis 

Perlomyia 

Nemouridae 

Amphinemura 

Amphinemura delosa 

Amphinemura nigritta 

Malenka 

Nemoura 

Ostrocera 

Ostrocerca 
Podmosta 

Prostoia 

Prostoia besametsa 
Shipsa 

Shipsa rotlll1da 

Soy edina 

Visoka 

Visoka cataractae 
Zapada 

Zapada cinctipes 

Zapada columbiana 
Zapada frigida 

Zapada oregonensis 

Peltoperlidae 

Peltoperla 

Soliperla 

Tallaperla 

Tallaperla cornelia 

Yoraperla 
Y oraperla mariana 

Y oraperla brevis 
Pteronarcidae 

Pteronarcella 

Pteronarcella badia 

Pteronarcella regularis 

Pteronarcys 

Pteronarcys califomica 
Pteronarcys dorsata 

Pteronarcvs princeps 

"' """"-' c "' c "' <J.) 
-~ 

.a.> <u ""' ""' ~6 "'~ :::~ ..c ..0< "' 0::: "' 0::: 

~~ :92§ t::~ s 0 s 0 

alb oCl ·- ::2: .§. 0 .§. 0 

"' 1;l ::2:'--' ·ze ::2:'--' "' 
1 SH sp en 

0.2 1 
0 SH 
0 SH en 
0 SH sp en 

0.7 0 SH sp en 

0 SH sp en 

0 SH 

0 SH sp en 

0 SH 

0 SH sp en 

2 SH 

3.4 3" 2 SH 
sp en 

sp en 

2 SH sp en 

sp en 

sp en 

sp en 

2 SH 

6.1 2 2 SH sp en 

2 SH sp en 
sp en 

0.3 2 
2 SH 

sc sp en 

1 SH 
2 SH 
2 SH 
2 SH 
2 SH 
2 SH en sp_ 

2 SH en sp 

en S:l>c 

2 SH 

1.4 en sp_ 

2 SH 
2 SH 
2 SH en sp_ 

SH 

0 SH 

0 SH en sp 

0 SH 

1.7 2.2 0 SH 
0 SH 

1.8 SH 

0 SH sp en 
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Regional Tolerance Values 

Functional 

"' 
Feeding Group 

" 0 ;:: 
Parent TSN Scientific Name ~ ~ J ~5 Q 
TSN ~ ~ "' " .... "C ..s--- "'""' €--- 0:: 

=U ~~ ~~ ~~ l 0 

~6 zg 0 

" "' 
102468 102788 Taeniopterygidae 2 SH 

102838 102839 Doddsia occidentalis 2 sc 
102788 102830 Oemopteryx 

102788 102808 Strophoptervx 2.5 3 

102788 102816 Taenionema 2 sc 
102816 102827 Taenionema J)allidum 2 sc 
102788 102789 Taeniopteryx 6.3 2 2 SH 

102789 102791 Taeniopteryxburksi 5.8 OM 

102789 102792. Taeniopteryx !ita OM 

102789 102795 Taeniopteryx metequi 1.4 

102912 103202 Chloroperlidae I PR 

103236 Kathroperla 0 PR 

103236 103237 Kathroperla perdita 1 GC 

Chloroperlinae 1 PR 

103202 103203 All<>p_erla 1.4 I PR 

·103202 103260 Hap1operla 

103260 103263 Ha]JIQJJerla brevis 1.3 1 

103202 103303 Neaviperla PR 

103303 1033.04 Neaviperla forcipata 1 PR 

103202 103233 Paraperla I PR 

103233 103234 Paraperla frontalis PR 

103202 103305 Plumiperla PR 
103202 103254 Suwallia 0 I PR 

103202 103273 Sweltsa 0 I PR 

103202 103308 Triznaka 1 PR 
102912 102914 Perlidae I I PR 

102914 102917 Acroneuria 0 PR 

102917 102919 Acroneuria abnormis 2.2 0 PR 

102917 102920 Acroneuria arenosa 2.2 PR 

102917 102922 Aeroneuria carolinensis 0 2.3 

102917 102923 Acroneuria evoluta 2.8 

102917 102925 Acroneuria intemata 2.2 

102917 102918 Aeroneuria lyeorias 1.5 2.4 PR 

102917 102926 Aeroneuria mela 0.9 PR 

102917 102927 AeroneUria pe_rplexa PR 

102914 102975 Agnetina 1.8 2 PR 

102975 102983 Agnetina annulipes 0 2 

102975 102979 Agnetina capitata PR 

102975 102984 Agnetina flaveseens 0 

10295'1- 102955 Attaneuria ruralis PR 

102914 102934 Beloneuria 0 3 PR 

102914 102985 Ca1ineuria 3 PR 

102985 102986 Calineuria ealifomiea 1 PR 

102994 103121 Doroneuria 1 PR 

103121 103123 Doroneuria baumanni 1 PR 

103121 103122 Doroneuria theodora 1 PR 
102914 102930 Claassenia 3 PR 

102930 102932 Claassenia sabulosa 3 PR 

Rapid Bioassessment Protocols for Use in Streams and Wadeable Rivers: Periphyton, Benthic 
Macro invertebrates, and Fish, Second Edition · 

A01031S 

Habit/ 
Behavior 

Q 

~ "' "C 
0:: s 0 

·.: 0 

" "" "' 
sp en 

SP en 
sp en 

sp en 

en 

en 

en 

en 

en 

en 

en 

en 

en 
en 

en 

en· 

en 

en 

en 

en 

en 

en 

en 

en 

en 

en 

en 
en 

en 

B-35 



Parent TSN 
TSN 

102914 102939 
102939 102940 
102914 102971 
102971 102972 
102914 102942 
102942 102944 
102914 102962 
102962 102965 
102962 102970 
102962 102966 
102962 102967 
102962 102968 
103202 103251 
103251 103253 
103202 103244 
103244 103246 
103244 103248 
102912 102994 
102994 103155 
102994 103157 
102994 103Ii8 
103118 103119 
102994 103137 
103137 103139 
102994 103!66 
103166 103167 
103166 103169 

103094 
103094 103096 
103171 103172 
102994 103084 
103084 103087 
103084 103085 

103124 
103124 
102994 103070 
102994 102995 
102995 103012 
102995 103021 
102995 103004 
102995 !03029 
102995 103020 
102995 103007 
102995 103017 
102995 103018 
102995 103009 
102995 103019 
102995 103035 
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Regional Tolerance Values 

Functional Habit! 
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<> 

Scientific Name 
"0 

~ 
·.g c c gj ~ ~G) 

Eccoptura 

Eccoptura xanthenes 

Hesperoper!a 

Hesperoperla pacifica 

Neoperla 

Neoperla clymene 

Paragnetina 

Paragnetina finnosa 

Paragnetina ichusa 

Paragnetina immarginata 

Paragnetina kansensis 

Paragnetina media 

Perlesta 

Perlesta placida 

Perlinella 

Perlinella drymo 

Perlinella ephyre 

Perlodidae 

Calliperla 

Cascadoperla 

C!ioper!a 

Clioperla clio 

Cultus 

Cultus decisus 

Diploperla 

Diploperla duplicata 

Diploperla morgani 

Diura 

Diura know !toni 

Frisonia picticeps 

Helopicus 

Helopicus bogaloosa 

Helopicus subvarians 

Isogenoides 

Isogenoides hansoni 

Isogenus 

Isoperla 

Isoperla bilineata 

Isoperla dicala 

Isoperla fulva 

Isoperla fusca 

Isoperla holochlora 

Isoperla mormona 

Isoperla namata 

Isoperla orata 

Isoper!a pinta 

Isoperla similis 

Isoperla slossonae 

i3 ~ "' c "' <!) .... -<u "0 "0 

~6 "'~ ;:::,..., ..c t:: IS t:: 
o.- :g::r: t::--- .0-< s 0 0 

.,;;e, 5~ ~8 cO ·- ~ '§. <> '§. u 
~e., ~~ !l 1;l 

en 

4.1 en 

PR en 

1 PR en 

1.6 1 3.1 PR en 

PR 

PR 

3.5 PR 

0 
1.7 
2 PR en sp 

2.1 
0 4.5 5 PR en 

4.9 5 OM 
PR 

0 I PR en 

PR en 

2 2 PR en sp 

2 PR en sp 

2 PR 

en 

4.8 1 en 

2 PR en 

1.6 
2 en 

2.7 
1.5 

2 PR 

2 sc en 

2 PR en 

en 

0 en 

0.8 
2 PR 

0 
2 PR 

2 2 PR 

5.5 

2.2 2 
2 PR 

2 PR 

0 
2 PR 

1.8 
0 OM 

2 PR 

0.7 
2.6 
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Regional Tolerance Values 

Functional 

I Feeding Group 
0 

Parent TSN Scientific Name 
'0 

~ -~--- ~ TSN ~ ::§ 
~ ";:lv.J 

~ " ... "<j:U '0 

=--- &~ ~g "' ::JU :s!@' ~£ e 0 

~b :3' ·c: 0 
<l> ;:s,_. p. "' 

102995 103036 Isoperla transmarina 5.6 
102994 103149 Kogotus 2 PR 

103174 103175 Malirekus hastatus 1.4 
102994 103110 Megarcys 2 PR 

102994 103180 Oroperla 2 PR 

102994 103134 Perlinodes PR 
103134 103135 Perlinodes aureus 2 PR 

102994 103186 Pietetiella 2 PR 

103186 103188 Pictetiella expansa 2 PR 

103099 103100 Remenus bilobatus 0.3 
102994 103189 Rickera PR 
103189 103190 Rickera sorpta 2 PR 
102994 103193 Setvena 2 PR 

103193 103194 Setvena bradleyi 2 PR 
102994 103102 Skwala 2 PR 
102994 103197 Yugus 2 PR 
103197 103200 Yugus arinus 0 
103197 103198 Yugus bulbosus 0 
100500 101593 Odonata PR 

101595 101596 Aeshnidae 3 PR 

101602 Aeshna 5 PR 
101596 1015.97 An ax 8 5 PR 
101597 101598 Anaxjunius PR 
101597 101599 Anax longipes PR 
101596 101648 Basiaeschna 

101648 101649 B.asiaeschnaianata 7.7 6 PR 
101596 101645 Boyeria PR 
101645 101646 Boyeria grafiana 6.3 
101645 101647 Boyeria vinosa 6.3 2 3.5 PR 

101639 101640 Coryphaeschna ingens PR 

101637 101638 Epiaeschna heros PR 

101634 101635 Gomphaeschna furcillata PR 
101653 101654 Nasiaeschna pentacantha 8 PR 

101595 101664 Gomphidae I PR 
101715 101716 Aphylla williarnsoni PR 
101664 101770 Arigomphus 

101770 101771 Arigomphus pallidus PR 
101664 101730 Dtombgomphus 6.3 PR 
101730 101731 Dromogomphus armatus PR 
101730 101732 Dromogombhus_spinosus PR 

101725 Erpetogomphus 4 PR 
101777 101780 Gomphurus dilatatus 6.2 5 2.5 PR 
101664 101665 Gomphus 5 PR 
101665 101677 Gomphus dilatatus PR 
101665 101668 Gomphus geminatus PR 
101665 101685 Gomphus lividus 5 PR 
101665 101686 Gomphus minutus PR 
101665 101689 Gomphus pallidus PR 
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Parent TSN 
TSN 

101665 101694 

101734 101735 

101791 206625 

101664 101766 

101664 101736 

101664 101738 

101664 101718 

101718 101720 

101664 101761 

101761 101762 

101664 206626 

206626 206627 

101594 

101659 101660 

102025 102026 

102026 102027 

102027 102031 

101796 102020 

101851 101852 

101862 

101862 101863 

101862 101864 

101797 101918 

101918 101920 

101918 101924 

101918 101922 

101797 101934 

101934 101938 

101934 101936 

101934 101939 

101934 ](JI935 

101797 101947 

101947 101949 

102026 102035 

102035 206629 

102035 

206629 206631 

102035 185986 

101797 101994 

101994 101996 

101796 101797 

101830 101831. 

101797 101865 

101865 101866 

101797 101870 

101870 101872 

101797 101885 

101797 101893 
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Regional Tolerance Values 
' Functional Habit/ 

~ Feeding Group Behavior 
<l) 

~ -~ 

Scientific Name 
-o c c c "' ~ ·~ .gUJ 

Gomphus sj)iniceps 

Hagenius brevistylus 

Hylogomphus geminatus 

Lanthus 

Octogomphus 

Ophiogomphus 

Progomphus 

Progomphus obscurus 

Stylogomphus 

Stylogomphus albisty1us 

Stylurus 

Stylurus ivae 

Anisoptera 

Tachoptervx 

Cordulegastridae 

Cordulegaster 

Cordulegaster maculata 

Corduliidae 

Didymops transversa 

Epicordulia 

Epicordulia princeps 

Epicordulia regina 

Macromia 

Macromia georgiana 

Macromia georgina 

Macromia taeniolata 

N eurocordulia 

Neurocordulia alabamensis 

Neurocordulia molesta 

Neurocordulia obsoleta 

N eurocordulia virginiensis 

Somatochlora 

Somatochlora linearis 

Epitheca 

Epitheca princeps 

Epitheca sepia 

Epitheca princeps regina 

Epitheca cvnosura 

Tetragoneuria 

Tetragoneuria cvnosura 

Libellulidae 

Brachymesia gravida 

Erythemis 

Erythemis simplicicollis 

Erythrodiplax 

Erythrodiplax minuscula 

Leucorrhinia 

Libellula 

"'· ~ c "' c "' " «:u -c "0 

.~G <l)~ ~~ -" "' " "' " .,._ :s1:I: t::~ :2~ 8 0 s 0 

ae- :3'~ ::;:8 cO '§. (..} 
-~ 

(..} zc ::;:~ ~ ~-

4.9 

4 I PR bu 
PR bu 

2.7 bu 
I PR bti 

6.2 I I PR bu 
PR bu 

8.7 PR bu 

bu 
4.8 

PR sp 

PR 

PR 

10 PR bu 

PR bu 

6.1 3 0 3 PR 

PR sp 

2 5 PR cb sp 

PR cb sp 

5.6 

PR sp 

PR sp 

6.7 2 2 PR sp 

PR I sp 

PR cb en 

PR 

5.8 PR 

PR 

3.3 5 PR 

5.4 0 PR sp 

1.6 PR sp 

8.9 I 9 I PR cb sp 

PR 

4 PR 

PR 

PR 

PR cb sp 

PR 

8.5 PR 

PR sp 

9 9 PR sp 

PR sp 

PR cb 

7.7 PR cb 

PR cb 

PR sp 

9.8 9 9 8 PR 
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Regional Tolerance Values 

Functional 

~ 
Feeding Group 

Parent ·15 
TSN Scientific Name 

'"CI 

~ §,...., ~ 
TS~ ~ ~ '@ ';:lCI) 

~ "' Q) .... 

~g 
4!U '"CI .,s ...... Q) -6~ <=: 

::>U ~~ ~~ s 0 

~e ·- 0 ·.:: 0 
Q) ::;s,_, p. .. 

101893 101901 Libellula auripennis PR 

101893 101900 Libellula incesta PR 

101893 101903 Libellula semifasciata PR 

101893 101904 Libellula vibrans PR 

102009 102010 Miathyrja marcella PR 

101932 101933 Nannothemis bella PR 

101797 101945 Orthemis PR 

101945 101946 Orthemis ferruginea PR 

101798 101799 Pachydiplax longipennis 9.6 PR 

101797 101803 Perithemis 10 4 PR 

101803 101805 Perithemis seminola PR 

101803 101804 Perithemis tenera PR 

101808 101809 Plathemis lydia 10 8 8.2 PR 

101797 101976 Svmpetrum 7.3 10 4 PR 

101976 101977 Sympetrum ambiguum PR 

101818 101820 Tramea carolina PR 

100500 102042 Zygoptera PR 

102042 102043 Ca1opterygidae 5 PR 

102043 102052 Calopteryx 8.3 5 3.7 6 6 PR 

102052 102054 Calopteryx dimidiata PR 

102052 102055 Calopteryx maculata PR 

102043 102048 Hetaerina 6.2 6 2.8 PR 

102048 102050 Hetaerina americana PR 

102048 102049 Hetaerina titia PR 

102042 102077 Coenagrionidae 6.1. 9 9 PR 

102077 102093 Amphiagrion 5 PR 

102077 102139 Argia 5.1 7 6 PR 

102139 102140 Argia apicalis PR 

102139 102143 Argia fumipennis PR 

102139 102146 Argia moesta PR 

102139 102147 .Argia sedula PR 

102139 102148 Argia tibialis PR 

102139 102154 Argia violacea PR 

102077 102133 Chromagrion 6 PR 

102077 102102 Enallagma 9 9 9 8 PR 

102102 102103 Enallagma antennuatus PR 

102102 102104 Enallagma cardenium PR 

102102 102106 Enallagma daecki PR 

102102 102108 Enallagma divagans PR 

102102 102110 Enallagma dubium PR 

102102 181184 Enallagma pallidum PR 

102102 102114 Enallagma pollutum PR 

102102 102115 Ena11agma signatum PR 

102102 102119 Enallagma vesperum PR 

102102 102120 Enallagma weewa PR 

102077 102078 Ischnura 9.4 9 9 9 PR 

102078 206632 Ischnura hastata PR 

102078 102082 Ischnura posita PR 
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cb 
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cb 

cb 

cb 

cb 

cb 

cb 

cb 

cb 

cb 

cb 

cb 

cb 

cb 
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Parent 
TSN 

TSN 

102078 102084 

102077 102135 

102135 102136 

102096 102099 

102077 102100 

102058 102061 

109215 118831 

121226 121227 

121229 121230 

121229 121250 

121229 121255 

121229 121278 

125808 127076 

127277 127278 

127076 127112 

127112 127113 

127113 127150 

127112 127152 

127076 127338 

127526 127533 

127774 127778 

127526 127564 

127339 127340 

127683 127720 

127774 127859 

127859 127905 

127683 127729 

127526 127614· 

127683 127761 

127526 127619 

125808 125886 

125892 125904 

125904 125923 

125887 125888 

125808 127917 

127917 127994 

127995 127996 

127996 127998 

127995 128010 

128010 128012 

128010 128016 

128010 128018 

128020 

127995 206646 

128020 128021 

128021 128024 

128020 128026 

128026 128028 

/ 
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Regional Tolerance Values 

Functional Habit/ 
~ Feeding Group Behavior 
" Q ;!: ·:g 

Scientific Name 
"0 - c c 

~ ::§ ~ .§oo ~ " 

Ischnura ramburi 

Nehalennia 

Nehalennia intergricollis 

Telebasis byersi 

Zoniagrion 

Lestes 

Diptera 

Blephariceridae 

"Agathon 

Bibiocephala 

Blepharicera 

Philorus 

Ceratopogonidae 

Dasyhelea 

F orcipomyiinae 

Atrichopogon 

Atrichopogon websteri 

Forcipomyia 

Ceratopogoninae 

Alluaudomyia 

Bezzia 

Ceratopogon 

Culicoides 

Ni1obezzia 

Pa1pomyia 

Palpomyia tibialis 

Probezzia 

Serromyia 

Sphaeromias 

Stilobezzia 

Chaoboridae 

Chaoborus 

Chaoboruspunctiperuris 

Eucorethra 

Chironomidae 

Tanypodinae 

Clinotanypus 

Clinotanypuspinguis 

Coelotanypus 

Coelotanypus concinnus 

Coelotanypus scapularis 

Coelotanypus tricolor 

Macropelopiini 

Alotanypus 

Apsectrotanypus 

Apsectrotanypus johnsoni 

Brundiniella 

Brundiniella eumomha 

~ c "' c '"' " " <u "0 "0 

~6 "~ :l:~ "' "' "' "' o.- :s;!;I: ~~ .0< a 0 a 0 

5~ oCI ·-::a "§. u "§_ Q 

c5le- ::E8 zc. ;:E._, 1;l " "' 
PR cb 

PR cb 

PR cb 

PR 

9 PR 

9 PR cb 

7 

0 sc 
0 sc en 

0 sc 
0.2 0 0 sc sp bu 

0 sc sp cb 

5.7 6 PR 

GC sp en 

6 PR GC sp 

6.8 4.5 6 PR GC 

4.4 

6 sc PR bu 

6 PR bu 

.PR 

6 6 GC PR bu 

6 PR bu 

6.5 10 10 PR GC bu 

PR 

6 PR GC bu 

bu 

6 PR bu 

6 PR bu 

PR GC 

PR ·SP sw 

PR 

PR 

8.5 8 PR 

7 PR 

6 GC bu 

7 PR bu 

8 PR 

9.8 8 7.5 

6.2 PR 

7.7 PR 

PR bu 

PR bu 

PR 

PR bu 

0 PR 

6 PR sp 

3.8 
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Regional Tolerance Values 

Functional 
tl Feeding Group 
<!) 

" :;:: 
Parent TSN Scientific Name ""' ~ 

·~~ 0 TSN ~ ~ ~ ~Cil ~ "' <!) ""' -s~ 

!~ "€~ ,u 0:: 
::>U :E£ ~~ E 0 

~§, " ci.:e ~e. ·g_ :ll 

206647 206648 Fittkauimyia serta 
128020 128034 Macropelopia 6 PR 
128020 128048 Psectrotanypus 8.1 10 10 PR 

128048 128056 Psectrotanypus dyari 10 10 8.6 

128270 128271 Djalmabatista PR 

128271 128272 Djalmabatista pulcher PR 
128270 128277 Procladius 9.3 9 6.5 9 9 PR GC 

128277 128285 Procladius bellus · . PR 

128069 128070 Natarsia 10 8 5.9 8 PR 

128070 128071 Natarsia baltimoreus 5.6 

127994 128078 Pentaneurini 6 PR 

128078 128079 Ablabesmyia 5.2 8 GC PR 

128079 128081 Ab!abesmyia annulata 4.1 OM 

128079 128083 Ab1abesmyia aspera OM 

128079 128087 Ablabesmyia cinctipes OM 
128079 128089 Ablabesmyia hauberi OM 
128079 128090 Ablabesmyia idei OM 
128079 128093 Ablabesmyia janta 7.1 4.9 OM 
128079 128097 Ablabesmyia mallochi 7.6 8 5 OM 
128079 128113 Ablabesmyia peleensis 4.6 OM 
128079 128121 Ablabesmyia rhamphe OM 
128078 128130 Conchapelopia 8.7 6 4.3 6 6 PR 

Denopelopia atria 
128161 128162 Guttipelopia guttipennis PR 

128237 Hayesomyia PRI 

128237 128249 Havesomvia senata 4.6 
128131 He1opelopia 3.9 6 PR 

128078 128167 Hudsonimvia PR 

128078 128170 Krenopelopia PR 

128170 128171 Krenopelopia hudsoni PR 
128078 128173 Labrundinia 3.8 PR 
128173 128174 Labrundinia becki PR 

128173 128175 Labrundinia johannseni PR 

128173 128176 Labrundinia macu1ata PR 
128173 128177 Labrundinia neopi1osella 7. PR 

128173 128178 Labrundinia pilosella 6 7 3.1 PR 

128173 128182 Labrundinia virescens 4.5 PR 

128078 128183 Larsia 8.3 6 4.3 6 6 PR 
' 128183 128184 Larsia berneri PR 

128183 128186 Larsia deco1orata PR 

128183 128189 Larsia indistincta PR 
128132 Merope1opia . 2.7 7 

128078 128199 Monope1opia 6 PR 
128199 128200 Monope1opia boliekae PR 
128078 128202 Ni1otanypus 4 6 6 PR 
128202 128203 Ni1otanypus fimbriatus 2.8 PR 
128078 128207 Paramerina 2.8 6 4 PR 
128207 128208 Paramerina anomala 
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Parent TSN 
TSN 

128207 128209 
128078 128215 
128215 128216 
128215 128218 
128078 128226 
128226 128229 

128234 
128078 128236 
128078 128251 
128078 128259 
128259 128262 
128323 128324 
128324 128329 
128324 128335 
128324 128333 
128324 128336 
127953 127954 
127917 128341 
128342 128343 

128351 
128351 128355 
128351 128401 
128351 128408 
128408 128409 
128408 i28412 
128351 128416 
128351 128426 
128437 128440 
128437 128446 
128446 128447 
128437 128452 
128452 128454 
125808 128457 
128457 128563 
128563 128565 
128563 128567 
128563 128570 
128457 129182 
129182 129193 
129182 129189 
129182 129190 

128457 128460 
128457 128470 
128457 128477 
128477 128478 
128477 128487 
128477 128482 
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Regional Tolerance Values 

Functional Habit/ 
~ Feeding Group Behavior ~ 
<1.) 

.Sl :;:: 
Scientific Name 

., 
~ = c c ~ ~ ~ ~rn ~ "' c "' <1.) 

~ o.> 

~~ 
., ., 

~6 "'~ a:~ "€~ " "' " c.- :g::r:: E 0 .§ 0 

·:3' E:, oO ·- ::;E Q Q 

o5lb ::;E8 zc ::;E'-' '§. <1.) a 1;l "' 
Paramerina fragilis 4.7 
Pentaneura 4.6 6 6 PR GC 

Pentaneura inconspicua 4.9 PR so 
Pentaneura inculta PR so 
RheojJelopia PR sp 

Rheopelopia paramaculipennis 2.9 
Telopelopia okoboji 4 
Tbienemannimyia 6 6 PR sp 

Trissopelopia PR 

Zavrelimyia 9.3 8 4.1 8 8 PR so 
Zavrelimvia sinuosa PR 

Tanypus 9.6 10 8.8 10 PR GC 

T anypus neopunctipennis 7.5 OM 

Tanypus carinatus OM 
Tanypus punctipennis OM SP 

Tanypus stellatus OM 

Boreochlus 6 GC sc 
Diamesinae GC sp 

Boreoheptagyia 6 GC 

Diamesini 2 GC 

Diamesa 7.7 8 5 GC sc sp 

Pagastia 2.2 1 1 GC 
Potthastia 2 OM GC 

Potthastia gaedii 2 6 GC so 
Potthastia Iongimana 7.4 2 GC . sp 

Pseudodiamesa 6 GC SP 

Sympotthastia 5.7 2 2 GC sc SP 

Monodiamesa 7 GC bu so 
Odontomesa 4 GC 

Odontomesa fulva 5.9 4 
Prodiamesa 3 GC sp 

Prodiamesa olivacea 7.9 3 
Orthocladiinae 5 GC bu 

Corvnoneura 6.2 7 3.5 7 7 GC 

Corynoneilra celeripes 2.3 GC sp 

Corynoneura Iobata 3.3 
Corynoneura taris GC 

Tbienemanniella 6 6 3.7 6 .6 GC 

Tbienemanniella fusca GC 

Tbienemanniella similis 2.4 GC 

Thienemanniella xena 3.6 GC 

Orthocladiini 6 GC 

Acamptocladius GC bu sp 

Antillocladius 

Brillia 5.2 5 5 5 SH GC 

Brillia flavifrons 5 SH 

Brillia par bu en 

Brillia retifinis 5 SH so 
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Regional Tolerance Values 

Functional 

"' 
Feeding Group 

"' 0 .~ Parent TSN Scientific Name 
"0 

~ ~fii' c TSN ~ ~ ~ ?:: ~ "' "' &g <:u "0 
£~ '€--- c: 
;:~U :-s@' ~£ s 0 

r5lb :3' z§. ·c: 0 

"' ;:E._, 0. "' 
128457 128511 Cardiocladius 6.2 5 5 PR 
128511 128515 Cardiocladius obscurus 2.2 
128457 128520 Chaetocladius 6 GC 
128457 128575 Cricotopus 7 4.3 7 7 SH GC 
128575 128583 CricotojlUS bicinctus 8.7 6.7 7 OM 
128575 128594 Cricotopus festivellus 7 SH 

1.28575 128610 Cricoto~us infuscatus 9 
128575 Cricotopus Isocladius 7 SH 
128575 Cricotopus Nostococladius 7 SH 
128575 128640 Cricotopus politus OM 
128575 Cricotopus sylvestris 10 OM 

128575 128651 Cricotopus tremulus 7 7 SH 
128575 128659 Cricotopus trirascia 7 OM 
128575 128664 Cricotopus vari"Qes 8.1 
128575 128666 Cricotopus vierriensis 4.8 4.2 
128457 128670 Dip1ocladius GC 
128670 128671 Diplocladius cultriger 7.7 8 GC 
128680 128681 Doncricotopus bicaudatus 4.8 
128457 128689 Eukiefferiella 8 GC sc 
128689 128704 Eukiefferiella brehmi 3.7 8 GC 
128689 128703 Eukiefferiella brevicalcar 1.7 8 GC 
128689 128693 Eukiefreriella claripennis 5.7 8 8 GC 
128689 128695 Eukiefferiella devonica 2.6 8 GC 
128689 128705 Eukiefferiella gracei 2.7 8 GC 
128689 128706 Eukiefferiella pseudomontana 8 GC 
128457 128712 Georthocladius 

128457 128718 Gymnometriocnemus 7 GC 
128457 128730 He1eniella 0 6' GC 
128457 128737 Heterotrissocladius 5.4 0 4 GC sc 
128737 128746 Heterotrissocladius subpilosus 0 GC 
128457 128750 Hydrobaenus 9.6 8 8 8 sc GC 

128771 Krenosmittia 1 GC 
128457 128776 Limnophyes 3.1 8 8 GC 
128457 128811 Lopeschidius 2.2 4 6 GC 
128457 128818 Mesosmittia 

128457 128821 Metriocnemus OM GC 
128457 128844 Nanocladius 7.2 3 5.3 3 3 GC 
128844 128852 Nanocladius crassicornus 4.3 3 GC 
128844 128853 Nanocladius distinctus 6.1 GC 
128844 128855 Nanocladius downesi 2.6 
128844 128859 Nanocladius minimus "4.5 

128844 128860 Nanocladius rectinervis GC 
128844 128862 Nanocladius spiniplenus 3.5 
128457 128867 Oliveridia 6 GC 
128457 128874 Orthocladius 6 3.9 GC 
128874 Orthocladius Eudactylocladius 6 GC 
128874 Orthocladius Euorthocladius 6.3 6 GC 
128874 Orthocladius Pogonocladius 6 GC 
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Parent TSN 
TSN 

128874 128878 

128874 128882 

128874 128885 

128874 128898 

128874 128913 

128874 128920 

128874 128923 

128874 128929 

128457 128951 

"128457 128968 

128457 128978 

128978 128982 

128457 128989 

128457. 129005 

128457 129011 

128457 129018 

129018 129027 

129018 129031 

129018 . 129051 

128457 129052 

128457 129071 

128457 129083 

128457 129086 

129086 129101 

129086 129102 

129086 129105 

128457 129107 

128457 129110 

128457 129152 

128457 129156 

128877 

128877· 128915 

128457 129161 

129161 129162 

128457 129197 

129197 129205 

129197 189327 

128457 129206 

129206 129207 

128457 129208 

129208 129209 

128457 129213 

128457 129228 

129228 129229 

206655 

206655 129618 

129231 129234 

129229 129236 
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Scientific Name 
"0 J· "' ~ ::E ~ ~G;' 2:' 2:' 

~ 2:' "' ~ "' " .... ...:u "0 "0 
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5~ oO ·- ::E <) <) r5.:e ::E8 zc ::E,_, "§. " "§. ~ "' 
Orthocladius annectens GC sp 

Orthocladius carlatus 2 

Orthocladius clarkei 5.8 

Orthocladius dorenus 6.7 

Orthocladius lignicola GC sp 

Orthocladius nigritus 0.9 

Orthocladius obwnbratus 8.8 

Orthocladius robacki 7.2 

Parachaetocladius 0 6 2 GC sp 

Parakiefferiella 5.9 4.8 6 4 GC 

Parametriocnemus 2.8 5 5 GC sp 

Parametriocnemus 1undbecki 3.7 5 GC sp 

Paraphaenocladius 5 4 GC sp 

Paratrichocladius 2 6 GC sp bu 

Parorthocladius 6 GC 

Psectrocladius 3.8 8 5.7 8 8 GC SH 

Psectrocladius e1atus OM 

Psectroc!adius 1imbatellus 8 GC sp 

Psectrocladius sordidellus 8 GC 

Pseudorthoc!adius 0 0 0 0 GC sp 

Pseudosmittia GC ·sp 

Psi1ometriocnemus GC 

RheoCricotopus 4.9 6 6 GC SH 

Rheocricotopus pauciseta 6 GC 

Rheocricotopus robacki 7.7 6 3.8 

Rheocricotopus tuberculatus 6.8 bu 

Rheosmittia GC 

Smittia GC 

Stilocladius GC sp 

Symbiocladius 6 PA 

Symposioc1adius sp 

Symposioc1adius lignicola 5.4 

Synorthocladius 4.7 2 2 GC sc 
Synorthocladius semivirens 2.5 

Tvetenia 5 5 5 GC 

Tvetenia bavarica 4 5 GC 

Tvetenia discoloripes 3.9 5 GC 

Unniella 4 GC bu 

Unniella multivirga 0 GC 

Xylotopus 6.6 2 bu 

Xy1otopus par 2 

Zalutschia 7 SH 

Chironominae 6 GC 

Chironomini 6 GC 

Apedilwn 

Apedilwn elachista sp_ bu 

Ashewn beckae GC 

Axarus GC 
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Regional Tolerance Values 

Functional 
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Feeding Group 
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~~ "€§: c: 
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129229 206657 Beardius 

206657 206658 Beardius truncatus 

129229 129254 Chironornus 9.8 10 8.1 10 10 GC SH 

129254 129280 Chironomus decorus OM 

129254 129313 Chironornus riparius OM 

129254 129322 Chironomus stigrnaterus OM 

129229 129350 Cladope1ma 2.5 9 7 GC 

129229 129368 CIYOtochironomus 4.9 8 8 PR 

129368 129370 CIYOfochironomus blarina 8 8 

129368 129376 CIYPtochironomus fulvus 6.7 8 PR 
129229 129394 CIYOtotendipes 6.1 6 4.2 6 GC 

129229 129421 DerniciYPtochironornus 2.1 8 GC 

129229 129428 Dicrotendipes 7.9 5.6 8 8 GC FC 

129428 129436 Dicrotendipes fumidus 5.8 

129428 129441 Dicrotendipesleucoscelis FG 

129428 129445 Dicrotendipes lobus FG 

129428 129458 Dicrotendipes lucifer 6.3 

129428 129448 Dicrotendipes rnodestus 9.2 5 5.9 FG 

129428 129450 Dicrotendipes neornodestus 8.3 4.5 FG 

129428 129452 Dicrotendipes nervosus 10 FG 

129428 193743 Dicrotendipes simpsoni 10 7.4 FG 

129428 206649 Dicrotendipes thanatogratus FG 
129428 183774 Dicrotendipes tritornus FG 

129229 129459 Einfeldia 8 GC 

129459 129460 Einfeldia austini GC 

129459 129463 Einfeldia natchitocheae GC 
129229 129470 Endochironornus 5.6 10 10 SH GC 

129470 129471 Endochironornus nigricans 7.5 8 5.3 

129470 129474 Endochironornus subtendens 

128457 130046 Endotnbelos GC 
130046 130047 Endotribelos hesperiurn GC 
129229 129483 Glyptotendipes 8.5 10 6.2 10 FC GC 
129483 129484 Glyptotendipes amplus 3.2 

129483 129485 Glyptotendipes barbipes 10 FC 
129483 129493 Glyptotendipes rneridionalis 

129483 . 129494 Glyptotendipes paripes 

129483 129496 Glyptotendipes seminole 

129229 129506 Goeldichironornus 8 GC 
129506 206650 Goe1dichironornus arnazonicus GC 
129506 129508 Goe1dichironornus carus GC 

129506 206651 Goe1dichironornus fluctuans GC 
129506 129512 Goeldichironornus holoprasinus 10 GC 
129506 206652 Goeldichironomus natans GC 
129229 129516 Harnischia 7.5 8 GC sc 
129516 129517 Harnischia curtilarnellata 3.5 

129229 129522 Kiefferulus 10 GC 
129522 129523 Kiefferu1us dux 10 10 5.2 GC 
129525 129526 Lauterborniella agrayloides GC 
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Parent · TSN 
TSN 

129229 129535 

129535 129540 

129535 129541 

129535 129547 

129229 129548 

129548 129551 

129229 129561 

129561 206654 

129561 129562 

129229 129564 

129564 129565 

129564 129569 

129564 129573 

129564 129579 

129564 129595 

129564 129581 

129564 129583 

129564 129587 

129564 129588 

i29229 129597 

129597 129608 

129597 129612 

129229 129616 

129616 129619 

129229 129623 

129623 129624 

129623 129632 

129229 129637 

129637 129642 

129637 129647 

129637 129652 

129229 129657 

129657 

129657 129725 

129657 129666 

129657 129726 

129657 129671 

129657 129676 

129657 129684 

129657 129686 

129657 129692 

129657 129698 

129657 129708 

129657 129718 

129657 129719 

129229 129730 

129730 129731 

129730 129733 

B-46 

Regional f'olerance Vatues 

FWlctional Habit! 

~ 
Feeding Group Behavior 

.;< 

Scientific Name 
"0 

~ = c c ~ ~ "' ~CiJ' c "' c "' 0 ~ 
0 iU "0 "0 

~(] <\)~ a:~ -" "' "' "' "' o..- :;<::C: t::~ ::<~ E 0 E 0 

c552S 5~ :E8 oCi "§. <.> "§. <.> zc :E-...- ~ ~ 

Microtendipes 6.2 7 6 FC GC 

Microtendioes caelurn 2.7 

Microtendipes pedellus FG 

Microtendioes rvda1ensis 2 FG 

Ni1othaurna 5.5 2 3.1 2 

Ni1othaurna bicome GC 

Pagastiella GC sp 

Pagastiella orophi1a GC 

'Pagastiella ostansa 2.6 

Parachironomus 9.2 10 4.1 PR GC 

Parachironomus abortivus 8 

Parachironomus carinatus 5.3 

Parachironomus directus 7.9 

Parachironomus frequens 3.8 

Parachironomus hirta1atus 

Parachironomus monochromus 7.9 

Parachironomus pectinatellae 3.7 

Parachironomus. sc!meideri sp 

Parachironomus sublettei 

Paracladopelma 6.4 7 GC 

Parac1adopelma nereis 1.8 GC en 

Parac1adope1ma Wldine 5.2 GC 
Para1auterbomiella 8 GC bu 

Para1auterbomiella nigrohalterale 

Paratendipes 5.3 8 5.7 8 8 GC 

Paratendipes a1bimanus 4.3 GC en 

Paratendipes subaequalis GC 

Phaenopsectra 6.8 7 7 7 sc GC 

Phaenopsectra flavipes 8.5 5.7 

Phaenopsectra obediens OM cb en 

Phaenopsectra pllllctipes 3.5 sc 
Po1ypedi1urn 6 6 SH GC 

Po1ypedi1urn Pentapedi1urn 6 SH 

Polypedi1urn angu1urn 5.6 

Po1ypedi1urn aviceps 4 1.9 

Po1)'pedi1urn bergi 6 SH 

Po1ypedi1urn convicturn 5.3 3.6 

Po1ypedi1urn fa11ax 6.7 

Po1ypedilum halterale 7.2 

Polypedilum illinoense 9.2 6.9 

Polypedi1um 1aeturn 

Po1ypedi1um ontario 2.6 

Po1ypedi1um scalaenum 8.7 

Po1ypedi1um trigonum bu. 

Po1ypedi1um triturn 

Robackia GC 

Robackia claviger 2.4· GC bu 

Robackia demeiierei 4.3 7 GC 
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Regional Tolerance Values 

Functional 

~ 
Feeding Group 
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129229 129735 Saetheria GC 

129735 129736 Saetheria hirta GC 

129735 129737 Saetheria tylus 8;1 4 

129229 129743 Ste1echomyia 7 GC 

129743 129744 Ste1echomyia perpu1chra 4.6 GC 

129229 129746 Stenochironomus 6.4 5 3.6 5 SH GC 

129229 129785 Stictochironomus 6.7 9 4 OM GC 

129785 129790 Stictochironomus devinctus OM 

129229 129820 Tribe1os 6.6 5 5 GC 

129820 206656 Tribe1os atrum GC 

129820 129823 Tn'be1os fuscicome 5.1 GC 

129820 129827 Tn'be1os jucundus 5.6 GC 

129229 129837 Xenochironomus PR 

129837 129838 Xenochironomus xenolabis 7 0 PR 

129229 129842 Xestochironomus OM 

129842 129844 Xestochironomus subletti OM 

129872 130040 Zavreliella 

130040 189328 Zavreliella marmorata 

129850 129851 Pseudochironomus 4.2 5 4.7 5 GC 

129228 129872 Tanytarsini 6 FC 

129872 129873 Cladotanytarsus 3.7 7 4.4 7 7 GC FC 

129872 129884 Constempellina 6 GC 

129872 129890 Micropsectra 1.4 7 3.5 7 7 GC 

129872 129932 Nimbocera 6 FC 

129932 206659 Nimbocera limnetica FG 

129872 129935 Paratanytarsus 7.7 6 4.2 6 6 GC 

129935 Paratanytarsus inopterus 6 GC 

129872 129952 Rheotanytarsus 6.4 6 3.3 6 6 FC 

129952 129955 Rheotanytarsus distinctissimus FC 

129952 129955 Rheotanytarsus distinctissimus FC 

129952 129957 Rheotanytarsus exiguus FC 

129872 129962 Stempellina 2 2 2 GC 

129872 129969 Stempellinella 5.3 4 2.6 4 4 GC 

129872 129975 Sublettea 6 FC 

129975 129976 Sub1ettea coffinani 1.7 2.2 

129872 129978 Tanytarsus 6.7 6 3.5 6 6 FC GC 

129978 130030 Tanytarsus glabrescens FG 

129978 129997 Tanytarsus guerlus FG 

Thienemanniola 6 GC 

129872 130038 Zavre1ia 2.7 8 GC 

125875 125877 Corethrella 

125808 125930 Culicidae 8 GC 

126233 126234 Aedes 8 FC 

125955 125956 Anopheles 9.1 6 FC 

126233 126455 Culex 10 8 FC 

126233 126518 Deinocerites FC 

125931 125932 Toxorhynchites PR 
121226 121286 Deuterophlebiidae sc 
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Parent 
TSN 

TSN 

121286 12.1287 
121287 121290 
125808 125809 
125809 125810 
125809 125854 
125809 125873 
125350 125351 
125391 125392 
125391 125514 
125391 125468 
125468 125469 
125399 125400 
125762 125763 
125764 125765 
125785 125786 
125808 126640 

126658 
126648 126674 
126648 126687 

126642 
126648 126703 
126703 126736 
126773 126774 
!26774 126790 
126774 126832 
126774. 126834 
126774 126841 
126774 126870 
126774 126873 
126774 126883 
126774 126892 
126774 126903 
126648 126761 
126648 126767 
125762 125799 

125802 
125799 125800 
125800 125801 
125808 126624 
126624 126629 
126629 126631. 
126629 126632 
118839 118840 
118841 118905 
118841 119008 
118841 119037 
119037 119041 
119037 
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Deuterophlebia 0 sc SW cb 
Deuterophlebia nielsoni sc 
Dixidae 1 . 1 GC 
Dixa 2.8 1 GC 
Dixella GC 
Meringodixa 2 GC bu 
Psychodidae 10 GC 

Maruina 1 sc 
Pericoma 5.6 4 4 GC 
Psychoda 9.9 3.7 10 GC 

Psvchoda altemata GC bu 
Telmatoscopus albipunctatus 

Ptvchopteridae 7 GC 
Bittacomorpha 

Ptvchoptera 7 GC 
Simuliidae 6 FC en 
Cnephia mutata 4 5 
Gymnopais sc en 
Metaenephia 6 FC 

Parasimulium FC 

Prosimulium 2.6 3 FC 
Prosimulium mixtum 3.3 3 
Simulium 4.4 4.8 6 6 FC 

Simulium bivittatum 6. FC 
Simulium jenningsi 6 FC 
Simulium jonesi 6 FC 
Simulium meridionale ' 6 FC 
Simulium rivuli 6 FC 
Simulium slossonae FC 

Simulium tuberosum 6 FC en 
Simulium venustum 7.4 5 6 FC 

Simulium vittatum 8.7 7 ' 6 6 FC 
Stegopiema 

Twinnia 6 FC 
T anyderidae 

Protanyderus 1 sp bu 
Protoplasa 5 GC 

Protoplasa fitchii 5 
Thaumaleidae OM 

Thaumalea OM 
Thaumalea elnora OM 
Thaumalea fusca OM 
Tipulidae 3 SH bu 
Megistocera 

Prionocera 4 SH en 
Tipula 7.7 4 7.2 4 4 SH 
Tipula abdominalis 4 
Tipula ormosia 4 OM 
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Regional Tolerance Values 
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119655 119656 Antocha 4.6 3 2.2 3 GC 

119656 119660 Antocha monticola 3 GC 

120488 Cryptolabis SH GC 

121026 121027 Dicranota 0 3 3 PR 

120030 120076 Elephantomyia SH 

120397 120503 Erioptera 3 GC 

120397 120640 Gonomyia GC 

119655 119690 He !ius 4 GC 

120397' 120732 Hesperoconopa I GC 

120030 120094 Hexatoma 4.7 2 2.3 2 2 PR 

120095 Eriocera PR 

120030 120164 Limnophila 4 PR 

119655 119704 Llmonia 10 6 6 SH 

119706 Geranomyia 3 SH 

120397 120758 Molophilus 4 SH 

120397 120830 Ormosia 6.5 3 GC 

121026 . 121118 Pedicia 6 PR 

120030 120335 Pi! aria 7 7 PR 

120030 120365 Pseudolimnophila 7.3 2 2 PR 

120397 120968 Rhabdomastix 8 PR 

120968 120977 Rhabdomastix fascigera 3 GC 
120968 120995 Rhabdomastix setigera 3 GC 
120030 120387 Ulomorpha 

118831 130052 Brachycera 

130928 130929 Atherix 2 2 PR 

130929 130930 Atherix Iantha 2.1 2 3.1 PR 

130929 130932 Atherix variegata 2 PR 

130741 130914 Pelecorhynchidae 3 PR 

130914 130915 Glutops 3 PR 

131750 136824 Dolichopodidae 9.7 4 4 PR 

137952 137953 Dolichopus 

131750 135830 Empididae 8.1 6 3.5 6 PR 

136304 136305 Chelifera 6 GC 

135844 135S49 Clinocera 6 PR 
136304 136327 Hemerodromia 6 6 PR 
136361 136377 Oreogeton 5 PA 
135844 135881 Oreothalia 6 PR 

135930 136123 Rhamphomyia 6 PR 

135844 135920 Wiedemannia 6 PR 

130130 130150 Stratiomyidae 8 GC 

130155 130160 Allognosta 7 GC 

130408 130409 Caloparyphus 7 GC 
130408 130436 Euparyphus GC 

130685 130694 Nemotelus 

130483 130573 Odontomyia 7 GC 

130408 130461 Oxycera 

130483 130627 Stratiomvs FG 
130741 130934 Tabanidae 8 PR 

Rapid Bioassessment Protocols for Use in Streams and Wadeable Rivers: Periphyton, Benthic 
Macro invertebrates, and Fish, Second Edition 

A\010330 

Habit/ 
Behavior 

1:' 
1:' "' "C 

"' 0: 
E 0 

't:: 0 

"' ~ 

bu 

sP bu 

bu sp 

bu sp 

bu 

bu sP 

bu sp 

bu 

bu 

bu 

bu 

bu 

sp bu 

bu 

bu 

en 

sp bu 

sp bu 

sp 

sp bu 

sp bu 

so bu 

B-49 



Parent 
TSN 

TSN 

131061 13"1078 Chrysops 

131061 i31062 Silvius 

131318 131527 Tabanus 

131750 148316 Canaceidae 

131750 14"6893 Ephydridae 

131750 150025 Muscidae 

150729 150730 Limnophora 

138933 139013 Dohrniphora 

131750 144653 Sciomyzida.e 

144770 144898 Sepedon 

131750 139621 Syrphidae 

141029 141049 Chrvsoga5ter 

140904 Eristalis 

,-
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. 7.3 6 4.6 7 GC PR 

PR 

9.7 5 5 5 PR 

sc bu 

6 GC 

6 PR 

7 PR 

6 PR bu 
. PR 

10 GC 

10 0 GC bu 
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APPENDIXC 

Appendix Cis a list of selected fishes of the United States in phylogenetic order. Included are the 
. Taxonomic Serial Number (TSN) and the Parent Taxonomic Serial Number for each of the species listed 

according to the Integrated Taxonomic Information System {!TIS). The !TIS generates a national 
taxonomic list that is constantly updated and currently posted on the World Wide Web at 
<www.itis.usda.gov>. If you are viewing this document electronically, this page is linked to the !TIS web 
site. 

Additionally, this Appendix details trophic and tolerance designations for selected fishes of the United 
. States. To generate this list, we compiled a consensus fating for each taxon from the literature sources 

listed below. Exceptions are listed for each source that does not agree with the consensus of other cited 
literature. Exceptions are noted by first listing the designation then the literature source code in 
parentheses. The following is a list of the designations and literature sources used in this Appendix. 

TROPIDC DESIGNATIONS 
P7Piscivore 
H=Herbivore 
O=Omnivore 

F=Filter feeder 
G=Generalist feeder 
V=Invertivore. 

!=Insectivore (including specialized insectivores) 

Notes on Trophic Designations 
Piscivore-although some investigators separate certain species into subcategon·es such as parasitic 
(e.g., sea lamprey) or top carnivore (e.g., walleye), we have grouped these together as piscivores for this 
list. 

TOLERANCE DESIGNATIONS (relevant to non-specific stressors) 
I = Intolerant 
M = Intermediate 
T=Tolerant 

Notes on Tolerance Designations 
Intolerant.,-although some investigators separate certain speciesilito subcategon·es such as rare 
intolerant, special intolerant or common intolerant, we have grouped these together as intolerant for this 
list. 
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Literature Sources For Trophic/Tolerance Designations 

(A)= Midwestern United States (Karr et al. 1986) 

(B)= Ohio (Ohio EPA 1987) 

(C)= Midwestern United States (Plafkin et al. 1989) 

(D)= Central Corn Belt Plain (Simon 1991) 

(E)= Wisconsin Warmwater (Lyons 1992) 

(F)= Maryland Coastal Plain (Hall etal. 1996) 

(G)= Northeastern United States (Halliwell et al. 1999) 
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SURVEY APPROACH FOR COMPILATION OF 

HISTORICAL DATA 
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QUESTIONNAIRE SURVEY FOR EXISTING BIOSURVEY DATA AND 
BIOASSESSMENT INFORMATION 

Ecological expertise and lmowledge of the aquatic ecosystems of a state can reside in agencies and 
academic institutions other than the water resource agency .. This expertise and historical·Imowledge 
can be valuable in problem screening, identifying sensitive areas, and prioritizing watershed-based 
investigations. Much of this ~xpertise is derived from biological survey data bases that are generally 
available for specific surface waters in a state. A systematic method to compile and summarize this 
information is valuable to a state water resource agency. 

The questionnaire survey approach presented here is modified from the methods outlined in the original 
RBP IV (Plafkin et al. 1989) and is applicable to various types ofbiological data. The purpose of this 
questionnaire survey is to compile and document historicalfexisting Imowledge of stream physical 
habitat characteristics and information on the periphyton, macroinvertebrate, and fish assemblages. 

The template questionnaire is divided into 2 major sections: the first portion is modeled after RBP N 
and serves as a screening assessment; the second portion is designed to query s.tate program managers, 
technical experts, and researchers regarding existing biosurvey and/or bioassessment data. This 
approach can provide a low cost qualitative screening assessment (Section 1) of a large number of 
waterbodies in a relative short period. The questionnaire can also prevent a duplication of effort (e.g., 
investigating a waterbody that has already been adequately characterized) by polling the applicable 
experts for available existing information (Section 2). 

The quality of the information obtained from .this approach depends on survey design (e.g., number and 
location ofwaterbodies), the questions presented, and the Imowledge and cooperation of the 
respondents. The potential respondent (e.g., agency chief, program manager, professor) should be 
contacted initially by telephone to specifically identify appropriate respondents. To ensure maximum 
response, the questionnaire should be sent at times other than the peak of the field season and/ or the 
beginning or end of the fiscal year. The inclusion of a self..:addressed, stamped envelope should also 
increase the response rate. A personalized cover letter (including official stationary, titles, and 
signatures) should accompany each questionnaire. As a follow-up to mailings, telephone contact may 
be necessary. 

Historical data may be limited in coverage and varied in content on a statewide basis, but be more 
comprehensive in coverage and content for specific watersheds, A clearly stated purpose of the survey 
will greatly facilitate evaluation of data from reaches that are dissimilar in characteristics. The 
identification of data gaps will be critical in either case. Regardless Of the purpose, minimally impaired · 
reference reaches may be selected to serve as benchmarks for. comparison. The definition of minimal 
impairment varies from region to region. However, it includes those waters that are generally free of 
point source discharges, channel modifications, and/or diversions, and have diverse habitats, complex 
substrates, considerable instream cover and a wide buffer of riparian vegetation. Selection of specific 
reaches for consideration (e.g., range and extent) in the questionnaire survey is ultimately dependent on 
program objectives and is at the discretion of the surveyor. The questionnaire approach and the 
following template form allows considerable flexibility. Results can be reported as histograms, pie 
graphs, or box plots. 
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Questionnaire design and responses should address, when possible, the: 

D-4 

extent of waterbody or watershed surveyed 

1 
! condition of the periphyton, macroinvertebrate and/or fish assemblage 

quality of available physical habitat 

frequency of occurrence of particular factors/causes limiting the biological condition 

effect ofwaterbody type and size on the spatial and temporal trends, ifknown 

likelihood of improvement or degradation based on known land use patterns or 
mitigation efforts 
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BIOASSESSMENT/BIOSURVEY QUESTIONNAIRE 
Date of Questionnaire Survey _____ _ 

This questionnaire is part of an effort to. assess the biological condition or health of the flowing waters of 
this state. Our principle focus is on the biotic health of the designated waterbody as indicated by its 
periphyton, macroinvertebrate and/or fish community. You were selected to participate in this survey 
·because of your expertise in periphyton, macroinvertebrate, and/or fish biology and your know ledge of the 
waterbody identified in this questionnaire. 

Please examine the entire questionnaire form. If you feel that you cannot complete the form, check here [ 
] and return it. If you are unable to complete the questionnaire but are aware of someone who is familiar 
with the waterbody and/or related bioassessments, please identify that person's name, address, and 
telephone number in the space provided below: 

Contact: Name __________________________________ _ 

Address·---.,---------------
Agency!Institution _____________ _ 
Phone Fax. ________ ___ 

Email, ___________ ~--------

This questionnaire is divided into two major sections. Section 1 serves as a screening assessment and 
Section 2 is a request for existing biosurvey data and/or bioassessment results. · 

This form addresses the following waterbody: 

Waterbody 

State=----,-----,- County: _ _;_ ___ _ Lat./Long.: ___ _ Waterbody code: ___ _ 

Ecoregion: __ _;_ __ Subecoregion:. _____ _ Description of site/reach: __________ _ 

Drainage size:. ____ _ Flow: <lcfs; 1-IOcfs; >lOcfs 

Description of data set (i.e., years, seasons, type of data, purpose of survey)·------~-----
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SECTION 1. SCREENING ASSESSMENT 

Using the scale of biological conditions found in the following text box, please circle the rank that best 
describes your impression of the condition of the waterbody. f 

SCALE OF CONDITIONS 

5 Species composition, age classes, and trophic structure comparable to non (or minimally) 
impaired waterbodies of similar size in that ecoregion or watershed. 

4 Species richness somewhat reduced by loss of some intolerant species; less than optimal 
abundances, age distributions, and trophic structure for waterbody size and ecoregion. 

3 Intolerant species absent; considerably fewer species and individuals than expected for that 
waterbody size and ecoregion; trophic structure skewed toward omnivory. 

2 Dominated by highly tolerant species, omnivores, and habitat generalists; top carnivores rare 
or absent; older age classes of all but tolerant species rare; diseased fish and anomalies 
relatively common for that waterbody size and ecoregion. 

Few individuals and species present; mostly tolerant species; diseased fish and anomalies 
abundant compared to other similar-sized waterbodies in the ecoregion. 

0 No fish, depauperate macroinvertebrate and/or periphyton assemblages. 

(Circle one number using the scale above.) 

1. Rank the current conditions of the reach 

5 4 3 2 0 
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If impairment noted (i.e., scale of 1-3 given), complete each subsection below by checking 
off the most appropriate limiting factor(s) and probable cause(s). Clarify if reference is to 
past or current conditions. 

PHYSICOCHEJ.\1ICAL 

Limiting Factor 

o Temperature too high 
o Temperature too low 
D Turbidity 
o Salinity 
o Dissolved oxygen 
o Gas supersaturation 
o pH too acidic 
D pH too basic 
D Nutrient deficiency 
o Nutrient surplus 
o Toxic substances 
o Other (specify below) 

o Not limiting 

Limiting Factor 

D Below optimum flows 
o Above optimum flows 
o Loss of flushing flows 
o Excessive flow fluctuation 
o Other (specify below) 

o Not limiting 

(a.) WATER QUALITY 

Probable Cause 

o Primarily upstream 
o Within reach 

Point source discharge 
o Industrial 
o Municipal 
o Combined sewer 
o Mining 
o Dam release 

N onpoint source discharge 
. o Individual sewage 
o Urban runoff 
o Landfill leachate 
o Construction 
o Agriculture 
o Feedlot 
o C~aZing 
o Silviculture 
D. Mining 

o Natural 
o Unla10wn 
o Other (specify below) 

(b.) WATER QUANTITY 

Probable Cause 

oDam 
o Diversion 

Watershed conversion 
o Agriculture 
o Silviculture 
o Grazing 
o Urbanization 
o Mining 

o Natural 
o Unlmown 
o Other (specify below) 
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BIOLOGICAL/HABITAT 
(Check the appropriate categories 

(a.) Limiting Factor . :ijABi PERI :t\1A,CR FISH 
' 

Insufficient instream structure 
:. 

Insufficient cover _}· '',· .. ., 
· .. ' 

Insufficient sinuosity 
. ' 

Loss of riparian vegetation . ' 

Bank failure 

Excessive siltation .'· 

i"•" 

Insufficient organic detritus .. 
,. 

" 
Insufficient woody debris for organic detritus l 

Frequent scouring flows 

Insufficient hard surfaces 

Embeddedness 

Insufficient light penetration 

Toxicity 

High water temperature 

Altered flow 

Overharvest 

Underharvest 

Fish stocking 

Non-native i;pecies 

Miwation barrier 

Other (specify) 

Not limiting 

Key: 

HABI - Habitat 
MACR - Macroinvertebrates 

D~8 

PERI - Periphyton 
FISH- Fish 

. •·' 

' .. 

,, 

·" 

;.c 

. 

"· ··~ 

;, 

; 

~ '~ :' ·_,: 

,. 
.. 
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(b.) Probable Cause 
.. ·. ·,· :. 

PERI ~CR FISH HABI 
·,;•:, . 

::::·. . ··.···· •' 
. :. .:_ 

Agriculture 1··': .. ::.:. ·, .. :.·,·:-:• 

Silviculture I •._,: . . · ·· .. ''; .. > .. ·····•·•··.· .. ·. 

·Mining 
· .. ·· 

.·:·· · .. 

Grazing 
·:••·· , ..... ·.· .··.··;'·,::_ 

·•·. :-- ...... ·._,-·. ·. ·<'-

Dam ,:._ . / ' 
·•.· ..•... ·.·· ·.' .· 
.. ••.•:i· . 

Diversion I 
. ·.·· •_:•··:· .••·· 

:·. '• 

i . .. ' 
Channelization 

i'/ · .. · •. ·.·.·• . · .. 
Urban encroachment 

1\ ·.' . 
. ·: .·: ·. 

Snagging !,::; ........... ·,· 
.. 

Other channel modifications ':·, ... ·.· 
. '· .-:.· ·;. ··· ................ 

Urbanization/impervious surfaces ·-' . ', 
.-.· .·"'.; 

Land use changes 
·'.: : ·.•· .; 

Bank failure ... •:. 
·.·.· 

•. 

Point source discharges .. ·:• .. 
·.: .... · .. . 

Riparian disturbances 

Clear cutting 

Mining runoff I ' 

Storm water 
I : :': 

. ·· . 

Fishermen 
,J' · ... . . . ·:· 

I·<· .... . : 
/ 

Aquarists 
.·•·; ...... ·, 

; .. • ·.·.'·/ .... 

Agency 
. r ' . 

Natural 
> · ..• _,·, . .. ·.. . 

Unknown 
.··.,o ;•. >.:\}. .·.:, .. 

:. __ ',':·· .' .. •·.··.:,> ... ·. . .·.·< . 
Other (specifY) 

,·,: y'?i: , •.• 
. i ... :. .)·:: 

·-.:_· •o: ;.:,· ... ',:. ·. · .. 

Key: 
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HABI - Habitat 
MACR - Macroinvertebrates 
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SUMMARY: ASPECT OF PHYSICOCHEMICAL OR BIOLOGICAL CONDITION 
AFFECTED 

o Water quality 
o Water quantity 
o. Habitat structure 
o Periphyton assemblage. 
o Macroinvertebrate assemblage 
o Fish assemblage 

o Other (specify) --------

Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic 
Macroinvertebrates, and Fish, Second Edition · D-11 
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SECTION 2. AVAILABILITY OF DATA 

Please complete this section with applicable response(s) and fill in the blanks with appropriate information 
based on your knowledge of available biosurvey and bioassessment information. 

Reach characterized by: 

o ··Stream habitat surveys 
o Periphyton surveys 
o Macroinvertebrate surveys 

assemblage o 
assemblage o 
assemblage o 

key species o 
key species o 
key species o o Fish surveys 

Sampling gear(s) or methods 

Data analysis/interpretation based on: 
Tabulated data o 
Graphical data o 
Multivariate analyses. o 
Multimetric approach. o 

Statistical routines include: 

D-12 

Sampling frequency (spatial and temporal) 

Electronic file available: 
Formm ______________________ ___ 

Metrics include: 

Appendix D: Survey Approach for Compilation of Historical Data 
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INTRODUCTION 

Watersheds in the coastal range of southern California are a valuable aquatic resource. 
Comprising over 5,000 stream miles, both humans and wildlife use these watershed resources for 
fish habitat and fishing, drinking water, swimming and other recreational uses, water 
augmentation and groundwater recharge, agriculture, and many others. 

Despite the many beneficial uses derived from the rivers and streams, southern California's 
burgeoning population also places a large number of potential stressors on its coastal watersheds. 
Habitat alteration, hydromodification through increased imperviousness, flood control, water 
augmentation and diversion, discharge of treated and industrial wastewaters, and contributions 
from urban runoff can all result in impairments to aquatic life in the region's rivers and streams. 

At this point in time, the regional health of southern California's rivers and streams cannot be 
determined. One reason the regional health cannot be determined is because so little of the 
region's streams and rivers are monitored. Based on existing monitoring effort, only 29% the 
stream miles in southern California are monitored on an ongoing basis. Some watersheds, such 
as the San Gabriel River have many sampling locations and are well-monitored, but the status of 
other watersheds like Calleguas Creek remain virtually unmonitored. The reason for this uneven 
level of effort is due mostly to the presence of instream discharges, where monitoring is 
mandated. Otherwise, monitoring is typically not conducted. As a result, the most monitoring 
occurs in locations where impacts are expected to occur and the potential for a biased picture of 
aquatic health is likely. 

Even if expansive monitoring programs of aquatic health were conducted, the monitoring is 
currently conducted by over a dozen different organizations. Each of these organizations has 
disparate programs that vary in design, frequency, and indicators selected for measurement. 
Even where designs are similar, often the field techniques, laboratory methods, and quality· 
assurance requirements are not comparable, so cumulative assessments are infeasible. Finally, 
assuming all programs were of comparable design and quality, there is no overarching 
information management system, so sharing data is extremely labor intensive if not entirely 
impracticable. 

The goal of this document is to describe a large-scale, regional monitoring program of southern 
California's coastal streams and rivers. The objective is to create a comprehensive monitoring 
design that integrates many elements of the individualized monitoring programs that currently 
exist within the region. As part of this design, a necessary component will facilitate 
comparability in the field and the laboratory, set performance-based QA guidelines, and initiate 
an information management system for sharing data. Data analysis elements will be described 
for creating assessment endpoints of stream health. This integrated regional monitoring program 
is designed to be collaborative, so that each individual program can assess their local geography, 
then contribute their portion to the whole of the region to address large-scale management needs 
and provide answers to the public about the health of southern California's streams and rivers. 

The motivatjon behind the integrated regional watershed monitoring is the Stormwater 
Monitoring Coalition (SMC) and the Surface Water Ambient Monitoring Program (SWAMP). 
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/" The SMC is a coalition of stormwater management agencies and Regional Water Quality Control 
Boards (RWQCBs) from Ventura to San Diego (Table 1). Unlike any other organization in the 
'United States, the SMC's mission is to cooperatively answer the technical questions that enable 
better environmental decision-making regarding stormwater management. The SWAMP is a 
statewide receiving water monitoring program administered by the Sate Water Resources 
Control Board (SWRCB). The two programs effectively cross paths in the area of wadeable 
streams in southern California with the parallel objective of assess health of the region's aquatic 
resources. As such, the two programs have joined forces to create the regional watershed 
monitoring program described herein. 
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MONITORING QUESTIONS AND GENERAL APPROACH 

The Regional Watershed Monitorin,g Program addresses three questions of importance to 
regulated agencies, regulatory organizations, and public: 

1. What is the condition of streams in Southern Californi.a? 
2. What are the major stressors to aquatic life? 
3. Are conditions in locations of special interest getting better or worse? 

Each of these questions is answered by a different component of the monitoring program. 
Together, these components determine the spatial and temporal extent of impacts, their 
magnitude, and potential causes. 

The first question addresses the magnitude and spatial extent of impacts of all streams in the 
region using a probabilistic sampling design. The goal will be to achieve an estimate of 
impacted stream miles at varying severity of impairment. In addition, the spatial extent of 
impact will be compared among watersheds and land uses. Therefore, stratification of the 
probabilistic design will occur across 15 different watershed areas that are defined by 
management units (hereafter referred to as "watersheds"). Stratification will also occur across 
three different land uses defined as urban, agricultural, and open. At each site, multiple 
indicators will be used to assess the ecological health of the stream, including water chemistry, 
aquatic toxicity, benthic macroinvertebrate community structure, periphyton community 
structure and biomass~ and physical and riparian habitat. Impacts will be defined by thresholds 
for each indicator, such as comparison with established benchmarks or standards for water 
quality. Macroinvertebrate communities will be evaluated by calculating the Southern California 
Index ofBiotic Integrity (IBI, Ode et al. 2005) and by multivariate tools, such as the RlVPACS 
ratio of observed to expected taxa (0/E, Hawkins et al. 2000). A periphyton index of biotic 
integrity for southern California is currently under development, with a draft IBI expected in 
2010. Riparian condition will be evaluated by the California Rapid Assessment Method (CRAM) 
index (Collins et al. 2007). 

The second question addresses the stressors that affect the health of streams in Southern 
California. The goal of this component is to build upon the stressor and response data collected 

·in the first component to develop a relative risk index (Van Sickle et al. 2006). The response 
variables will focus on ecological health endpoints· such as biological metrics or indices (e.g., IBI 
or 0/E). Example stressors will include elevated nutrients, trace metals, degraded physical 
habitat, and increased toxicity. The relative risk of each stressor will be calculated by comparing 
the ecological health response variables at sites where the stressor is above or below thresholds 
of concern. This component requires no sampling effort beyond that required by the first 
component, but rather a more thorough analysis ofthe data. 

The third question addresses the temporal changes in stream health at locations of primary 
interest to managers. The goal is to assess if stream health is improving, degrading, or remaining 
static over time. A targeted monitoring design that focuses on watershed sites that integrate 
upstream inputs is preferred. To answer this question, we will set up a network of long-term 
monitoring sites across the region. All coastal watersheds will have at least one long-term 
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monitoring site located at the bottom of the watershed. Additional sites may be located in the 
interior below major tributaries and other regions of interest. At each site, water chemistry and 
toxicity will be evaluated at least once per year during dry weather. Ideally, these sites will be 
co-located at existing sites so that historical data can be used to help assess trends. 

4 

A0:1035~ 



SPECIFIC APPROACH 

The specific approach to the regional monitoring design is broken into two sections according to 
design. The first section addresses the first and second questions and is focused on spatial extent 
and stressor identification. The next section addresses the third question and is focused on 
trends. 

Spatial Extent and Stressor Identification 

The questions regarding spatial extent has several study design characteristics including 
sampling frame, sample size, frequency, indicators, and methods. 

Sampling Frame 

Sample sites were selected using a probabilistic approach weighting by watershed, land use, and 
stream order (Stevens and Olsen 2004). The sampling frame includes 15 watershed units located 
from Ventura to San Diego and as far east as San Bernardino and Riverside Counties (Figure 1). 
These watersheds equate to combinations of management units utilized by the RWQCBs·or SMC 
member agencies. Altogether, these 15 watershed units are comprised of roughly 28,051 km2 

(Table 2). The streamlines used to define the sampling frame were derived from the National 
Hydrography Dataset (NHD Plus) (US EPA and USGS 2007). Altogether, there are 9,492 
stream miles of Strahler order 2 and greater in the sampling frame. Land use was defined as 
either urban, agriculture, or open based on CCAP remote imaging algorithms (National Oceanic 
and Atmospheric Administration 1995) (Figure 2). CCAP defines 35 different land use classes 
that have been aggregated into the three categories for this study (i.e., open, agriculture, urban, 
and water) (Table 3). The dominant land use within a 500-m buffer was assigned to each stream 
reach. Individual watersheds are described in Appendix 1. 

Sample Size 

Sample size was defined based on the relative effort to obtain estimates of spatial extent with 
known estimates of precision. These estimates are defined by a power curve from a binomial 
distribution (Figure 3). In this case~ a sample of 30 provides an estimate of spatial extent± 12%, 
which was considered sufficient by managers in this region for making decisions. So, if each 
watershed requires 30 samples, and there are 15 watersheds, the total sample size for the spatial 
extent question will be 450 samples (Table 4). Because there are only three land use strata, there 
will be more than 30 sites in each land use (Table 4). The number of sites representing each land 
use type reflects the abundance of the land use type within the entire region. Figure 4 shows the 
distribution of sites in the sample draw, according to watershed and land use. 

Frequency 

Each site shall be sampled only once during an index period beginning 4 weeks following the 
last significant rainfall and no more than 12 weeks following the last rainfall. Significant rainfall 
is defined as precipitation that produces sufficient scouring to disrupt benthic communities. In 
addition, no sampling shall occur within 72 hours of any measurable rainfall. Based on historical 
rainfall records, the wet season in southern California ends April 15th (Figure 5). Without a 
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priori knowledge of rainfall, the default index period will occur from May 15 to 
July 15. 

Although all sampling must occur within the index period, not all sites need to be collected 
during tlfe same year (Table 4). In fact, it is better to collect the sites across multiple years to 
incorporate the effects of differences in rainfall and subsequent hydrology. What was important 
to the SMC andSWAMP'was to get an answer to the first monitoring question after five years 
(i.e., one NPDES permit cycle). Therefore, one-fifth ofthe samples will be collected each year . 
. This equates to six sites per watershed or 90 sites per year total. After five years, a rolling five
year window can be used to assess trends in spatial extent. 

Indicators 

There are six different types of indicators used answer the question about spatial extent. All of 
these indicators will be measured in a manner comparable to SWAMP to ensure integration with 
statewide data sets. The first indicator is wa,ter chemistry. Water chemistry shall include 
conventional water quality, nutrients, trace metals, and pyrethroid pesticides (Table 5). The 
water chemistry variables shall be collected and analyzed according to Puckett (2002) and Ode 
(2007). The second indicator is aquatic toxicity to the water flea, Ceriodaphnia dubia. Chronic 
toxicity shall be measured as a 7 -day exposure with effects endpoints of lethality and 
reproduction according to US EPA (1993). The freshwater amphipod, Hyalella azteca, in a 
water phase text, can be used as a back up species if conductivity is too high (i.e., > 2,500 
J.!S/cm) for Ceriodaphnia control survival. The third indicator is physical.habitat that includes 
several types of measures of stream condition including flow, channel morphology, riparian 
cover, substrate, and human alterations. Measurements shall be collected according to Ode 
(2007). The fourth indicator is benthic macroinvertebrates. Benthos shall be collected using the 
multi-habitat method described in the SWAMP protocol (Ode 2007). Identifications will be done 
according to the Standard Taxonomic Effort Level2 for California benthic macroinvertebrates, 
as described in Richards and Rogers (2007). The fifth indicator is wetland status. Wetland 
status shall be measured using the California Rapid Assessment Method (CRAM). CRAM is a 
cost effective diagnostic tool that is part of a comprehensive statewide program to monitor the 
health of wetlands and riparian habitats throughout California (Collins et al., 2007). The sixth 
indicator is periphyton. Periphyton, or attached algae, shall be measured in two ways; biomass 
and taxonomic identification. Periphyton is sensitive to water chemistry alteration and nutrient 
enrichment. SWAMP is currently developing standardized methodology for periphyton. In an 
effort to maintain comparability, the regional monitoring program shall adopt these same 
methods. 

Trends 

The question regarding temporal trends has ·several study design characteristics including sample 
sites, frequency, indicators and methods. 

Sampling Sites 

Sample sites were selected using a targeted approach. The criteria for site selection included: 1) 
location near the terminus ofthe stream or river so that it integrates all discharges upstream of 
the site; and 2) previous monitoring efforts (where possible) so prior data collection can be 
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utilized. One site per watershed (two in the San Gabriel watershed) examined in the spatial 
extent design was selected for a total of 16 sites (Figure 1, Table 6). Additional sites may be 
selected as desired. 

Frequency 

Sampling frequency is a function of data variability, amount of change to detect, and time to 
detect change. These three factors are best evaluated using power analysis at each site for each 
indicator. Based on power analysis from a subset of sites, a minimum of 1 sample per year shall 
be collected during a dry weather index period from each site (Figure 6). Additional samples 
may be collected to increase the power to detect trends on a site-by-site basis. The index period 
shall match the index period used for the spatial extent question. 

Indicators 

There are two different types of indicators used answer the question about trends: water 
chemistry and aquatic toxicity. Both of these indicators will be measured in a manner 
comparable to SWAMP to ensure integration with statewide data sets. Water chemistry shall 
include cbnventional water quality, nutrients, trace metals, PAHs, and pyrethroid.pesticides 
(Table 5). The water chemistry variables shall be collected and analyzed according to Puckett 
(2002) and Ode (2005). The second indicator is aquatic toxicity to the water flea, Ceriodaphnia 
dubia. Chronic toxicity shall be measured as a 7-day exposure with effects endpoints of lethality 
and reproduction according to US EPA (1993). 
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PRODUCTS 

There will be four types of products generated for the regional monitoring program: a field 
manual, a quality assurance manual, an information management manual and an assessment 
report. The field manual will document all of the recommended method{ for field activities 
including necessary equipment, sampling protocols, training requirements, field data sheets, and 
sample site assignments. As part of the field manual, there will be a meeting of all of the field 
team leaders to ensure consistency and comparability among agencies conducting sampling. 
One such training and intercalibration occurred in February 2004 and a second in May 2006 . 

. ·. ,·. 

The second product from the regional monitoring program will be a quality assurance manual. 
The quality assurance manual will document the recommended data quality objectives (DQOs) 
for field and laboratory activities. The DQOs set minimum standards for sensitivity, accuracy, 
precision, and representativeness. Only with this level of quality control can data be made 
comparable enough for compilation. The SMC has already undergone two laboratory 
intercalibrations and create'd a laboratory guidance manual for many of the water chemistry . 
constituents required for this workplan. 

The third product from the regional monitoring program will be an Information Management 
(IM) Manual. The IM Manual will be the key document that enables the various agencies share 
data. The IM Manual will consist of standardized data formats (SDTFs). SDTFs detail the data 
types and formats (i.e., order of variables) enabling laboratories to deliver complete data sets in 
any software format, including delimited ASCII code. No new sofcware, hardware, or extensive 
personnel training is required for SDTFs. The SMC has already created and shared SDTFs fot 
most of the data types being collected in the Regional Monitoring Program (Cooper et al. 2004). 

The fourth product from the regional monitoring program will be an assessment report. The 
assessment report will be a synopsis of the findings of the survey that addresses the three 
questions. While there are a large number of potential data products from this type of a survey, a 
few examples are listed here. To answer the first question, an assessment of stream-miles 
impacted will be conducted (Figure 7). This will provide a statistically valid answer to the 
question of overall health of streams regionally. This assessment will include the percent of 
stream-miles for southern California as a whole and by individual watersheds. A similar data 
product can be developed, but replacing watersheds with different land uses along the x-axis. 

To answer the second question, the relative risk of various stressors will be evaluated by dividing 
the extent of stream-miles impacted by that stressor by the extent of impacted stream-miles not 
impacted by that same stressor (Figure 8). Quotients near unity represent limited or no increased 
risk to aquatic life for that stressor. Quotients greater than one represent an increased risk for 
that stressor. The greater the quotient, the greater the relative risk (Van Sickle et al., 2006). 
These data can be used to assess the potential risk in future site-specific applications, help to 
determine sources of impact at individual sites, or to help assess important factors in 
remediation/restoration projects. 

To answer the third question, the temporal trends of stream health indicators will be plotted over 
time to determine if resources are improving, degrading, or remaining unchanged (Figure 9). 
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These plots will be useful at the watershed specific level to determine if site-specific 
management has been successful at improving or maintaining water quality. This analysis will 
also be useful at the regional level to determine if large~scale changes may be influencing local 
or site specific trends. That is, decreases (or illicrease) in stream health may be a reflection of 
large-scale phenomenon such as global warming, nonindigenous species, or other events, rather 
than watershed-specific activities. 
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SCHEDULE 

The regional monitoring program will be a five-year process (Figure 1 0). Sample preparation, 
including field and QA manuals will occur prior to the first year of sampling. Sampling will be 
completed by July and Laboratory analysis .should take approximately 6 months. Compiling 
data, examining results, and making our first year assessments should require approximately · 
three months (March). This will provide sufficient time to use what lessons were learned during 
year 1 and improve the program for year 2. An oral report of results from the first year will be 
presented by March, and a written first year report should be completed by June. This process is 
then repeated each year. 
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Table 1. List of member·agencies in the Stormwater Monitoring Coalition. 

California Regional Water Quality Control Board, Los· Angeles Region 

1 California Regional Water Quality Control Board, San Diego Region 

California Regional Water Quality Control Board, Santa Ana Region 

California Department of Fish and Game 

City of Long Beach 

City of Los Angeles, Watershed Protection Division 

County of Orange, Public Facilities and Resources Dept. 

County of San Diego Stormwater Management Program 

Los Angeles County Department of Public Works 

Riverside County Flood Control and Water Conservation District 

San Bernardino County Flood Control District 

Southern California Coastal Water Research Project 

State Water Resources Control Board 

US Environmental Protection Agency, Office of Research and Development 

Ventura County Watershed Protection District 
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Table 2. Management units included in the monitoring program. 

Watersheds Area Stream Total stream Land use by area (proportion) ,, 
(km2

) order length (km) 
(max) 

Open Agricultural Urban Water 

Ventura 642 6 264 0.88 0.05 0.05 0.03 

Santa Clara 4,327 7 1,763 0.85 0.07 0.05 0.03 

Calleguas 891 5 391 0.46 0.31 0.21 0.03 

Santa Monica Bay 1,171 4 260 0.59 0.03 0:37 0.06 

Los Angeles 2,160 5 626 0.44 0.02 0.53 0.06 

San Gabriel 1,758 5 586 0.49 0.02 0.47 0.05 

Santa Ana River 7,092 6 2,202 0.58 0.10 0.29 0.04 

--Lower Santa Ana 1,253 6 349 0.35 0.06 0.54 '0.07 
-Middle Santa Ana 2,135 6 622 0.43 0.13 0.41 0.04 

--Upper Santa Ana 1,721 5 654 0.78 0.04 0.15 0.03 

--San Jacinto 1,984 4 576 0.71 0.14 0.12 0.02 

San Juan 1,019 4 400 0.75 0.03 0.19 0.03 

Northern San Diego 3,640 6 1,299 0.80 0.12 0.06 0.02 

Central San Diego 1,725 5 513 0.57 0.08 0.32 0.04 
Mission Bay and San 

Diego River 1,270 5 390 0.71 0.03 0.23 0.04 

Southern San Diego 2,355 5 798 0.78 0.04 0.15 0.04 

Entire region 28,051 7 9,492 0.66 0.08 0.23 0.03 
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Table 3: Derivation of SMC land-use classes from CCAP classes. 

SMC class CCAP class 

Agriculture Cultivated Land 

Agriculture Managed Grassland 

Agriculture Orchards 

Agriculture Pasture 

Agriculture Row Crop 

Open Bare Land 

Open Chaparral 

Open Deciduous Forest 

Open Estuarine Emergent Wetland 

Open Estuarine Forested Wetland 

Open Estuarine Scrub/Shrub Wetland 

Open Evergreen Forest 

Open Golf Courses 

Open Mixed Forest 

Open Palustrine Emergent Wetland · 

Open Palustrine Forested Wetland 

Open Palustrine Scrub/Shrub Wetland 

Open Parks I Lawns 

Open Rangeland 

Open Sage 

Open Scrub/Shrub 

Open Unmanaged Grassland 

Urban Commercia ill ndustrial 

Urban High Intensity Developed 

Urban High Intensity Urban Residential 

Urban Low Intensity Developed 

Urban Rural Residential 

Urban Suburban Residential 
' 

Urban Urban Residential 

Excluded Background 

Excluded Estuarine Aquatic Bed 

Excluded Palustrine Aquatic Bed 

Excluded Unclassified 

Excluded Unconsolidated Shore 

Excluded Water 
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Table4. Projected number of samples by year. 

Year Number of samples in Number of samples in Number of samples 
all watersheds each watershed 

I by land use 

Open Agriculture Urban 

2009 90 6 40 15 35 
2010 90 6 28 21 41 
2011 90 6 36 21 33 
2012 90 6 28 32 30 
2013 90 6 30 28 32 

Total after 450 30 162 117 171 five ears 

15 



']'> ~"'~ 
i!f(~ 

[SI: 

''"'~ ~1 
C.u.~ 
~n 
U! 

Table 5. Variables measured at each site in the. P =variables measured at sites included in the probabilistic components of the project 
(i.e., questions 1 and 2). T = variables measured at sites included in th•~ network of long-term trends sites. SRM: Standard Reference 
Material; Cl: Confidence Interval; MS: Matrix Spike; MSD: Matrix Spike Duplicate; RPD: Relative Percent Difference; NA: Not applicable. 

Variable Prr Method Accuracy Precision Reporting Limit 

Biological 
Benthic macroinvertebrates p Ode 2007 Re-sort frequency: 'I 00% Field duplicates: 10% SAFIT Level 2 

Re-sort accuracy: ~95% 

Lab ID frequency: 10% 

Lab ID accuracy: ~95% 

Periphyton: Field duplicates: 10% 

Chlorophyll a p ±20% ofSRM. 10 iJglcm2 

Ash-free dry mass p NA 1 mg/ cm2 

Taxonomy p Expected .2008 Diatoms and soft algae: NA 

Re-sort frequency: 100% 

Re-sort accuracy: ~95% 

Lab ID frequency: 10% 

Lab ID Accuracy: •~95% 

Riparian condition (CRAM) p Collins 2007 NA NA NA · 

Toxicity 
Ceriodaphnia dubia assays P,T EPA 1993 NA Lab duplicates 10% NA 

Hyal/ela azteca assays P,T EPA 1993 NA Lab duplicates 10% NA 

Water Chemistry 
Conventional water chemistry P,T 
Temperature Probe NA ± 0.5 c NA 

pH Probe ± 0.5 units of SRM ± 0.5 units 0- 14 pH units 

Conductivity Probe ±5% ofSRM ±5% 2.5 mS/cm 

Dissolved oxygen Probe ±0.5 mg/L of SRM ±0.5 mg/L 0.5 mg/L 

'Alkalinity ±10% of SRM ±10% 10 mg/L 

Hardness 

Nutrients P,T Within 80% to 120% of true Field replicate, laboratory duplicate 
Ammonia value 10%, or MS/MSD + 25% RPD. 0.1 mg/L 
Nitrite 

Laboratory duplicate minimum. 
0.01 mg/L 

Nitrate 0.1 mgiL 
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Table 5. Continued. 

Total nitrogen 
Orthophosphate 

Total. phosphorous 
Major ions 
Calcium 
Sulfate 

Metals (dissolved and total) 
Arsenic 
Cadmium 
Chromium 
Copper 
Iron 
Lead 
Nickel 

Zinc 

Organic constituents 

Pyrethroid pesticides 

Organophosphate pesticides 

PCBs 
PAHs 

Physical habitat 

Location (latitude and longitude) 
Channel dimensions 
Channel substrate 
Embedded ness 
Gradient and sinuosity 
Human influence 
Riparian vegetation 

lnstream habitat complexity 
Flow habitats 

Discharge 

Rapid bioassessment scores 
Additional habitat characterization 

P,T 

P,T EPA 200.8 

P,T 

T 

T 8081/82 

T EPA8270 
p 

Ode 2007 

Within 80% to 120% of true 
value 

Within 80% to 120% of true 
value 

50% to 150% of true value. 

NA 
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Field replicate, laborator-Y duplicate 
10%, or MS/MSD + 25% RPD. 
Laboratory duplicate minimum. 

Field replicate, laboratory duplicate, 
or MS/MSD + 20% RPD. 
Laboratory duplicate minimum. 

Field replicate or MS/MSD + 25% 
RPD. Field replicate minimum. 

NA 

0.1 mg/L 
0.01 mg/L 

0.1 mg/L 

0.05 mg/L 
0.25 mg/L 

1.0 ).Jg/L 
0.5 ).Jg/L 
1.0 ).Jg/L 
1.0 ).Jg/L 
10 ).Jg/L 
1.0 ).Jg/L 

1.0 ).Jg/L 

1.0 ).Jg/L 

1.0 ng/L 

1.0 ng/L 

1.0 11g/L 
0.5- 1.0 ng/L 

1 O.o degrees 

1 em 
1 mm 
NA 
NA 
NA 

NA 
NA 

NA 
NA 



/~\ Table 6. List of trend monitoring sites. 

Watershed 

Ventura 

Santa Clara 

Calleguas 

Santa Monica Bay 

Los Angeles 

San Gabriel 

San Gabriel 

Lower Santa Ana 

Middle Santa Ana 

Upper Santa Ana 

San Jacinto 

San Juan 

Northern San Diego 

Central San Diego 

Mission Bay and San Diego River 

Southern San Diego 

Stream 

Ventura River 

Santa Clara River 

Calleguas Creek 

Ballona Creek 

Los Angeles River 

San Gabriel River 

San Gabriel River 

San Diego Creek 

Santa Ana River 

Santa Ana River 

· San Jacinto River 

San Juan Creek 

· · Santa Margarita 

Escondido Creek 

San Diego River 

Tijuana River 
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Location 

at Foster Park 

Freeman Diversion 

at University Drive 

at Sawtelle 

at Willow 

R9W 

R9E 

at Campus Drive 

at River Road 

MWD Crossing 

at Goetz/TMDL site 

at Novia 

at Basilone 

at Mass Emissions Site 

at Fashion Valley Rd · 

at Hollister Rd 
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Figure 1. Map of watersheds included in the regional watershed monitoring program. 
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Figure 2. CCAP remote imaging of land use in the southern California region (A). Land use 
assignments for the watersheds included in the study (B). 
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Figure 3. Size of confidence intervals about areal estimates (i.e., percent stream-miles) for 
different sample sizes. · 
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Figure 4. Locations of sample sites for the SMC regional watershed monitoring program. 
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Figure 5. Average monthly rainfall quantities at Lindbergh Field, San Diego from 1905 to 2006. 
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Figure 6. Power curves to detect changes in a constituent at a long-term monitoring site (Hemet 
NPDES site in Riverside County). The right-most solid line represents power of one sample per 
year; from left to right, the remaining samples represent 2, 3, and 4 samples per year. 
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Figure 7. Hypothetical distribution of degraded stream miles among different watersheds. 
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Figure 8. Hypothetical relative risks for stressors to an indicator. Relative risk is the quotient of 
extent (as %) of stream miles impaired by stressor x in an anthropogenic stratum and the extent of 
stream miles (as %) of stream miles impaired by stressor x in open (or reference) stratum. 
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Figure 9. Hypothetical trends in a constituent measured at a trends site. Points reflect differences 
in values relative to Year 1 values at an integrator site . 
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Figure 10. Timeline of activities through the first two years. 
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Field manual 
QA manual 
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IBI Scores -Ventura River Watershed 

Sites 
--

Year 0 1 2 3 4 5 
2001- so 181 N/A VG Good Good Good VG 
2002- SO 181 Fair Good dry VG VG dry 
2003- SO 181 Poor N/A ' drY dry Fair drY 
2004- So CA 181 Poor N/A :dry dry •' Fair dry 
2005- So CA 181 Poor N/A Fair Fair Fair Fair 

SO 181 - San Diego Index of Biological Integrity 
So CA 181- Southern California Index of Biological Integrity 

j:'l> ' 
Si VG - Very Good 
~;!; 

S Ventura River Main Stem- 0, 1, 4, 6 & 12 
~ Canada Larga Creek - 2 & 3 s Matilija Creek- 10, 11, 13 & 14 

San Antonio Creek- 5, 7, 8, 9 & 15 

California Stream Bioassessment Protocol (CSBP) 

6 7 8 9 10 11 12 13 14 15 
dry VG VG VG VG VG Good Fair VG Good 
dry dl)r VG VG Good VG Fair Good '' di;Y VG 
dry dry·, VG VG Good VG VG Good Good Good 
dry dry· .. · Fair Fair Fair Good Fair Poor ·~.,dry Fair 
dry Poor Fair Fair Fair Fair Fair Fair Fair Poor 
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181 Scores -Ventura River Watershed 

Sites 
Main Stem 

Year 0 1 4 
Canada Larga 'Matilija 

61 121 21 3 10 
2001 - SD IBI N/A VG Good dry IGood 
2002- SD IBI Fair Good VG · ·dry IFair 
2003- SD IBI Poor N/A Fair dr}' IVG 
2004- So CA IBI Poor N/A Fair · ·dry I Fair 
2005- So CA IBI Poor N/A Fair .··.dry IFair 

SD IBI - San Diego Index of Biological Integrity 
So CA 181- Southern California Index of Biological Integrity 

VG - Very Good 

Ventura River Main Stem- 0, 1, 4, 6 & 12 
Canada Larga Creek - 2 & 3 
Matilija Creek- 10, 11, 13 & 14 
San Antonio Creek - 5, 7, 8, 9 & 15 

California Stream Bioassessment Protocol (CSBP) 

Good Good IVG 
dry VG IGood 

1- dl)f ·dry IGood 
dry 'dry··.···· I Fair 

Fair Fair IFair 

'I 
/ 

San Antonio 
11 13 141 51 71 al 91 15 

VG Fair· VG IVG IVG IVG IVG IGood 
VG Good -"-·'a""c:".•.-······1 ••dcc····1 ::.:-dc···i'"IVG IVG IV •.: .JYi : JY::; • :;·[Yo. · G 
VG Good Good 1'·#1\f:t''(i~,IVG IVG IGood 
Good Poor •.);~fiy JO'd&'f>(l'ry;nFair IFair IFair 
Fair Fair Fair IFair IPoor IFair IFair IPoor 
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Physical/ Habitat Scores -Ventura River Watershed 

Sites 
Year 0 1 2 3 

2001 N/A marginal marginal sub 
2002 sub sub dry". sub 
2003 sub N/A d ry 

.; .. • .. 
· ... dry 

2004 optimal N/A ti,Y,· dry 
2005 marginal N/A margin~ l!Jarg i ne~!_ 

r-. ·'- = suboptimal 

J> tura River Main Stem- 0, 1, 4, 6 & 12 
f~ ada Larga Creek - 2 & 3 
~;· lija Creek-10, 11,13 & 14 
~ Antonio Creek- 5, 7, 8-, 9 & 15 
~;» 
~~,) ornia Stream Bioassessment Protocol (CSBP) 

4 
sub 
optimal 
sub 
sub 
~p __ 

5 
sub 
dry 
dry 
dry 

sub 

6 7 8 9 10 11 12 13 14 15' 
d ' ry sub sub optimal optimal optimal optimal sub optimal sub 
dry 'dry sub sub optimal optimal optimal optimal ; diy: sub 
dry qry sub sub sub sub optimal sub optimal sub 
dry dry sub optimal optimal optimal optimal optimal dry sub 
dry ~ sub sub sub sub optimal sub sub sub 



Physical/ Habitat Scores -Ventura River Watershed 

Sites 
Main Stem 

Year 0 1 4 6 12 
2001 N/A marginal sub dry optimal 
2002 sub sub optimal dry optimal 
2003 sub N/A sub cl'-ry optimal 
2004 optimal N/A sub dry optimal 
2005 marginal N/A sub dry optimal 

> = suboptimal 
td1~~~ 

iS 1tura River Main Stem - 0, 1, 4, 6 & 12 
~~~ 1ada Larga Creek - 2 & 3 
~;:,;,) ilijaCreek-10,11,13&14 
~):) 1 Antonio Creek- 5, 7, 8, 9 & 15 
(!;It 

'ornia Stream Bioassessment Protocol (CSBP) 

Canada Larga 
2 3 

marginal sub 
. chy .- sub 
--d•> . _.-.-- ry -- I -dry. 

I .dry' dry 
marginal marginal 

Matilija San Antonio 
10 11 13 14 5 7 8 9 15 

optimal optimal sub optimal sub sub sub optimal sub 
optimal optimal optimal >;.;._drY ; · .••• _---.dry·-: ·-. <(!'' .• : ·. : .-:.• 

:_i_J,Y sub sub sub 
sub sub sub optimal - Hi)?' "·''(fry"> sub sub sub 
optimal optimal optimal <.'dry:- dryi: _;dry -. sub optimal sub 
sub sub sub sub sub sub sub sub sub 
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Executive Summary 

• On September 24-26, 2001, VFCD assisted by the Sustainable Land Stewardship Institute 
(SLSI) conducted the frrst year sampling event at 14 stream reaches within the Ventura river 
watershed. The California Stream Bioassessment Procedure (CSBP), a standardized 
sampling, laboratory and quality assurance procedure was used to describe the BMI 
community and the physical/habitat condition of the stream reaches. 

111 Using a newly developed San Diego IBI, the majority ofthe sites in the Ventura River . 
watershed were rated as Very Good and Good. The San Diego IBI was used because the San 
Diego region is much more similar in terms of climate, precipitations, geology and general 
ecosystem to Ventura County. 

~~~ The overall assessment ofthe sites sampled from the Ventura River watershed indicates a 
healthy aquatic system. 

1:1 PhysicaVHabitat scores for the 14 sites ranged from 73 to 180, which relates to marginal to 
optimal conditions. The best habitat scores tended to be in the upper parts of the watershed 
and the worst inthe lower parts. 

• There was evidence to suggest that the human community is having some impact on Matilija 
Creek. These problem areas were identified through the bioassessment data and need to be 
verified and investigated further. ·· 

111 There were evidence that Matilija Dam is impacting the downstream biologic condition. 
These problem areas were identified through the bioassessment data and need to be verified 
and investigated further. 

11 There was evidence to suggest that cattle grazing is having some effect on the biological 
condition of the Canada Larga creek. These problem areas were identified through the 
bioassessment data and need to be verified and investigated further. 
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BACKGROUND 

I 
Sustainable Land Stewardship Institute 

Streams and rivers throughoutthe world face a number of problems, primarily associated with . . 
modification of in-stream and riparian structure, inputs of contaminated water and increases in the 
size and frequency of floods due to the increase in impervious surfaces. There have been many 
studies and reports showing the deleterious effects ofland-use activities to macroinvertebrate and 
fish communities (Jones and Clark 1987; Lenat and Crawford 1994; Weaver and Garman 1994; Karr 
1998). Preventing some ofthese problems and restoring streams to a healthier condition is being 
attempted throughout the world (Karr et al. 2000). 

Direct measurements of ambient biological co:nimunities including plants, invertebrates, fish, and 
microbial life have been used for the past 150 years as indicators of sanitation, potable water 
supplies and the health ofwater for fisheries and recreation. In addition to these water quality 
implications, biological assessments (bioassessments) can be used as a watershed management tool 
for surveillance and compliance ofland-use best management practices. Combined with 

'1 measurements of watershed characteristics, land-use practices, in-stream habitat, and water 
chemistry, bioassessment can be a cost-effective tool for long-term trend monitoring of watershed 
condition (Davis and Simon 1996). 

Biological assessments of water resources integrate the effects of water quality over time, are 
sensitive to multiple aspects of water and habitat quality and provide the public with more familiar 
expressions of ecological health than the results of chemical and toxicity tests (Gibson 1996). 
Furthermore, biological assessments when integrated with physical and chemical assessments better 
define the effects of point-source discharges of contaminates and provide a more appropriate means 
for evaluating discharges of non-chemical substances (e.g. nutrients, sedimentation and habitat 
destruction). 

· Water resource monitoring using benthic macroinvertebrates (BMI) is by far the most popular 
method used throughout the world. BMis are ubiquitous, relatively stationary and their large species 
diversity provides a spectrum of responses to environmental stresses (Rosenberg and Resh 1993). 
Individual species of BMis reside in the aquatic environment for a period of months to several years 
and are sensitive, in varying degrees, to temperature, dissolved oxygen, sedimentation, scouring, 
nutrient enrichment and chemical and organic pollution (Resh and Jackson 1993). Finally, BMis 
represent a significant food source for aquatic and terrestrial animals and provide a wealth of 
evolutionary, ecological and biogeographical information (Erman 1996). 

3 
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While there are many potential methods for evaluating biotic condition from community data, most 
approaches in the United States use a combination of multimetric and multivariate techniques. In 
multimetric techniques, a set of biological measurements ("m.etrics"), each representing a different 
aspect ofthe community data, is calculated for each site. An overall site score is calculated as the 
sum of individual metric scores. Sites are then ranked according to their scores and classified into 
groups with "good", "fair" and "poor" water quality. This system of scoring and ranking sites is 
referred to as an Index of Biotic Jntegrity (IBI) and is the end point of a multi-metric analytical 
approach recommended by the EPA for development ofbiocriteria (Davis and Simon 1995). The 
original IBI was created for assessment offish communities (Karr 1981), but was subsequently 
adapted for BMI communities (Kerans and Karr 1994). 

The frrst demonstration of a California regional IBI was applied to the Russian River watershed in 
1999 (Harrington 1999). As the Russian River IBI was being developed, the Department ofFish and 
Game (DFG) began a much larger project for the San Diego Regional Board. After a pilot project 
conducted on the San Diego River in 1995 and 1996, the San Diego Regional Board contracted DFG 
to help them incorporate bioassessment into their ambient water quality monitoring program. 
During 1997 through 2000, data was collected from 93 locations distributed throughout the San 
Diego region. In 2001, a new set of sites were chosen and sampled to further establish reference 
conditions in the San Diego region. The results of this sampling event were combined with the 
results of earlier sampling events to establish a preliminary Index of Biological Integrity (IBI) for the 
San Diego region. In July 2002, a final report was presented as a working IBI for the San Diego 
regiOn. 

This newly developed San Diego IBI is currently the best tool to analyze macroinvertebrate data 
from Southern California in general, and Ventura County in this particular instance. The San Diego 
region is much more similar in terms of climate, precipitations, geology and general ecosystem, than 
is the Russian River area. 

INTRODUCTION 

NPDES permit CAS004002 required the Ventura Flood Control District (VFCD) to implement a 
countywide monitoring plan which included the development of an instream bioassessment 
monitoring program (this work plan), and the implementation of the monitoring program. 

In spring 2001, VFCD's staff, with the assistance ofthe Sustainable Land Stewardship Institute 
(SLSI), developed a biological and physical/habitat assessment program within Ventura river 
watershed. On September 24-26, 2001, VFCD and SLSI conducted the first year sampling event. 
The goal of the program is to: 

1) Provide base line information on the macroinvertebrate assemblages within Ventura River 
watershed; 
2) Eval:uate the biological and physical/habitat condition ofvarious sampling sites within the 
Ventura River watershed using the preliminary Index of Biological Integrity (IBI) for the San 
Diego region; 
3) Examine the effects of various land-use activities, including urban runoff, impacts on the 
macroinvetebrate community structure throughout the Ventura River watershed, and 
4) Provide recommendations and strategies for continued monitoring. 
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MATERIALS AND METHODS 

Sampling Site Descriptions 

The J4 Ventura River watershed sites sampled on September 24-26, 2001 are listed in Table 1 and in 
Figure L Sites' photographs are displayed in Table 2. 

Table 1. BMI sampling location information for 16 reaches selected for the biological 
monitoring plan and sampled* September 24-26, 2001 in Ventura River watershed. 

Sta.ID Name Description and Comments Latitude Longitude 

0 Ventura River- Mainstem Ventura River, first site above estuary with fresh 34 16 54.23 119 18 24.09 
Main Street Bridge water. 

*Not sampled 
1 Ventura River- Mainstem Ventura River. 34 18 59.6 1191741.3 

Shell Road Area similar to site #0. Y. to 'h mile downstream from 
wastewater and treatment plant. 

2 Canada Larga Creek Canada Larga Creek, dis of grazing 34 20 31.7 119 17 08.2 
3 Canada Larga Creek Canada Larga Creek, above main area of grazing imoact 34 22 23.3 119 14 8.8 
4 Ventura River - Mainstem Ventura River. 34 21 07.9 1191823.7 

Foster Park Closest downstream site to monitor impacts of San Antonio 
Creek. Station is also site is also mass emission station. 
Bioassessment u/s from Foster Park Bridge. 

5 San Antonio Creek- San Antonio Creek, first upstream site from confluence with 34 22 50.9 119 18 23.9 
near Ventura River Ventura River. 

6 Ventura River- Mainstem Ventura River 
Santa Ana Rd. *Dry due in part to casitas diversion -not sampled 

7 Lion Canyon Creek Lion Canyon Creek (tributary to San Antonio Creek) 34 25 19.3 119 15 46.8 
- uls conf. San First u/s location from confluence. Impacted by nearby· 
Antonio Creek stables and grazing. Heavy sediment load. 

8 Stewart Canyon Stuart Creek (tributary to San Antonio Creek) 34 26 07.1 I 19 14 49.3 
Creek- uls con£ First u/s location from confluence. Impacted by the city of 
San Antonio Creek Ojai and less densely developed residential lots. 

9 San Antonio Creek San Antonio Creek. 34 26 1.8 119 14 52.7 
near Stewart Impacted by the City ofOjai and less densely developed 
Canyon Creek residential lots. 

10 - North Fork Matilija North Fork Matilija Creek. I 34 29 06.0 1191759.4 
Creek- u/s Ventura No dam influence. Below quarry. 
River cont: 

11 North Fork Matilija North fork Matilija Creek. 34 29 35.1 119 18 18.6 
Creek- at gauging No dam influence. Above quarry 
station 

12 Ventura River - Matilija Creek 34 29 2.4 119181.7 
below Matilija Dam First station below Matilija dam and first existing station 

above urban intluence. Because of dam influence, suggest 
not using as reference site for urban impact. 

13 Matilija Creek- Matilija Creek. Above dam and below community 34 30 04.5 1192051.7 
below community Monitoring station to evaluate effects of community as 

excessive amount of algae was found immediately 
downstream liom community. 

14 Matilija Creek-@ Matilija Creek. Above dam. 34 30 16.9 119 22 26.3 
gate at end of road Monitoring station to evaluate eftects of dam and as 

possible reference conditions. 
15 San Antonio Creek San Antonio Creek above Lion Creek 34 25 19.3 119 15 46.8 

above Lion Creek 

5 

Elev. 
19 

195 

293 
334 
571 

347 

623 

685 

650 

978 

1,360 

1020 

1,355 

1,553 

623 
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Figure 1. BMI sampling location of the I 6 reaches selected for the biological monitoring plan 
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Table 2: BMI sampling location photos of the 16 reaches selected for the biological monitoring plan. 

site 14: Matilija Creek-@ gate at end of 
ro~ ~~ 

San Antonio Creek above Lion site 0: Ventura River- Main Street Bridge 

BMI Sampling 

Based on the workplan developed in the spring 2001, it was determined that Fall might be the most 
appropriate sampling index for the Ventura watershed. Waiting until the Fall to sample allow for the 
maximum development and establishment of macro invertebrate communities. The downside of Fall 
sampling would be if too many reaches dry out. It was suggested to initiate the sampling during the 
Fall, and adjust later if necessary. 

The California Stream Bioassessment Procedure (CSBP) was used to describe the BMI community 
and the biotic condition of 14 stream reaches ranging from fairly pristine to very impacted. The 
DFG (Harrington 1996) developed the CSBP as standardized and cost-effective sampling, laboratory 
and quality assurance procedures for the State's bioassessment programs (Appendix A). The CSBP 
is a regional adaptation of the U.S. Environmental Protection Agency (EPA) Rapid Bioassessment 
Protocols (Barbour et aL 1999) and has been used in various parts ofthe world to measure biological 
integrity of aquatic systems (Davis et al. 1996). 

Riffle length was measured for each of the three riffles, and a random number table was used to 
randomly establish a point along the upstream third of each riffle at which a transect was established 
perpendicular to stream flow. Starting with the riffle transect furthest downstream, the benthos 
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within a 2 ft2 area was sampled upstream of a 1 ft wide, 0.5 mm mesh D-frame kick-net. Sampling 
of the benthos was performed manually by rubbing cobble and boulder substrates.in front of the net, 
followed by "kicking" the upper layers of substrate to dislodge any remaining invertebrates . The 
duration of sampling ranged from 60-120 seconds, depending on the amount ofboulder and cobble
sized substrate that required rubbing by hand; more and larger substrates required more time to 
process. Three locations representing any habitat diversity along each transect were sampled and 
combined into a composite sample, representing a 6 ft2 area for each transect and 18 ft2 for the entire 
reach. Each composite sample was transferred into a 500 ml wide-mouth plastic jar containing 
approximately 200 ml of95% ethanol. This technique was repeated for each of three riffles in each 
reach. 

BMI Laboratory Analysis 
Initial laboratory analysis was performed by Aquatic Bioassay and Consultant laboratory, in 
Ventura. At the laboratory, each sample was rinsed through a No. 35 standard testing sieve (0.5 mm 
brass mesh) and transferred into a tray marked with twenty, 25 cm2 grids. All sample material was 
removed from one nindomly selected grid at a time and placed in a petri dish for inspection under a 
stereomicroscope. All invertebrates from the grid were separated from the surrounding detritus and 
transferred to vials containing 70% ethanol and 5% glycerol. This process was continued until300 
organisms were removed from each sample. The material left from the processed grids was 
transferred into ajar with 70% ethanol and labeled as "remnant" material. Any remaining 
unprocessed sample from the tray was transferred back to the original sample container with 70% 
ethanol and archived. BMis collected on September 24-26, 2001, were then identified to a standard 
taxonomic level, typically genus level for insects and order or class for non-insects. All samples 
were QAQC'd by DFG and the Sustainable Land Stewardship Institute Laboratories, using standard 
taxonomic keys (Brown 1972, Edmunds et al. 1976, Kathman and Brinkhurst 1998, Klemm 1985, 
Merritt and Cummins 1995, Pennak 1989, Stewart and Stark 1993, Surdick 1985, Thorp and Covich 
1991, Usinger 1963, Wiederholm 1983, 1986, Wiggins 1996, Wold 1974). 

Data Analysis 
A taxonomic list of all aquatic macro invertebrates identified from the samples was entered into a 
Microsoft Excel7 spreadsheet program. Excel7 was used to generate a stand alone taxonomic list, 
and to calculate and summarize the aquatic macroinvertebrate community based metric values. The 
biological metrics are listed in Table 3 and have been categorized into the following types: 

Richness Measures- These metrics reflect the diversity ofthe aquatic assemblage where increasing 
diversity correlates with increasing health of the assemblage and suggests that niche space, habitat 
and food sources are adequate to support survival and propagation of a variety of species. 

Composition Measures- These metrics reflect the relative contribution of the population of 
individual taxa to the total fauna. Choice of a relevant taxon is based on knowledge ofthe individual 
taxa and their associated ecological patterns and environmental requirements such as those that are 
environmentally sensitive or a nuisance species. 

Tolerance/intolerance Measures- These metrics reflect the relative sensitivity of the community to 
aquatic perturbations: The taxa used are usually pollution tolerant and intolerant, but are generally 
nonspecific to the type of stressors. The metric values usually increase as the effects ofpollutionin 
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the form of organics and sedimentation increases. Tolerance values have been assigned to North 
American taxa, but are lacking for taxa found exclusively in Central America. In cases where these 
values were not available, we either used the North American value for the family if that family was 
represented in the North American or the closest estimate based on like taxa with North American 
values. 

Functional Feeding Groups- These metrics provide information on the balance of feeding 
strategies in the aquatic assemblage. The functional feeding group~omposition is a surrogate for 
complex processes of trophic interaction, production and food source availability. An imbalance of 
the functional feeding groups reflects unstable food dynamics and indicates a stressed condition. 
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Table 3. Bioassessment metrics used to describe characteristics of the B.tv:IJ community information 
for 14 selected reaches sampled September 24-26, 2001 in Ventura River watershed. 
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Index of Biological Integrity (IBI) 
The IBI used to evaluate the monitoring sites in this report was developed for the San Diego region. 
The scoring values derived from Ode et al. (2000) are listed in Table 4. 

Table 4. Scoring ranges for the seven metrics included in the San Diego IBI and the IBI values. 

PHYSICAL HABITAT QUALITY 

Physical habitat quality was assessed for the monitoring reaches using U.S. Environmental 
Protection Agency (EPA) Rapid Bioassessment Protocols (RBPs) (Barbour et al. 1999). Habitat 
quality assessments were recorded for each monitoring reach during each macro invertebrate 
sampling events within riffle/ run habitats. Description of reach scale habitat parameters used to 
document local habitat conditions along stream corridors is shown in Appendix B. 

RESULTS 

The B:Mis identified from the samples collected on September 24-26, 2001 from the 14 sites are 
listed in the Species Sheet of attached Excel Spreadsheet. The means and coefficients ofvariation 
(CV) for biological metrics calculated from B:MI samples are listed in Means and Metrics Sheets of 
attached Excel Spreadsheet. Forms containing chemical and physical/habitat characteristic scores 
and field notes are on file at the Ventura County Public Works Agency office in Ventura, and copies 
are on file at the SLSI office in Sacramento. 
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- BMI Community Structure 

One hundred and twelve taxa ofBlvlls were identified in the 32 samples collected at the 14 sampling 
sites in the Ventura River watershed. Appendix C contains a list of the five most common taxa 
found at the 14 sites. Although all the biological metrics listed in Table 2 were calculated for the 
Ventura River watershed sites, only seven (Cumulative Taxa,% Dominant Taxon, Sensitive EPT 
Index, Cumulative EPT Taxa, Shannon Diversity,% Intolerant Taxa, and% Grazers) were used in 
the IBI 8J!d described in graphic form in this report. These biological metrics seemed to give the 
best overall sensitivity and discriminatory power to describe biological condition (Ode et al. 2002). 

Richness Measures: There were two biological metrics used to·evaluate the biological cqndition of 
the Ventura River watershed sites that measure the richness of the BMI community. Cumulative 
Taxa values ranged from 24 to 52 for the 14 monitoring sites and are displayed in Figure 1. 
Cumulative EPT Taxa ranged from 8 to 25 for the 14 monitoring sites and are displayed in Figure 2. 

Figure 1. Mean Taxonomic Richness for Blvlls collected on September 24-26, 2001 in Ventura 
River watershed, California. 
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Figure 2. Cumulative EPT Taxa for BWs collected on September 24-26, 2001 in Ventura River 
watershed, California. 

Composition Measures: There were three biological metrics used to evaluate the biological 
condition of the Ventura River watershed sites that measure the richness of the BJ\11 community. 
Mean Sensitive EPT Index values ranged from 0% to 41% for the 14 monitoring sites and are 
displayed in Figure 3. Mean Shannon Diversity values ranged from 1.4 to 3.0 for the 14 monitoring 
sites and are displayed in Figure 4. Mean Percent Dominant Taxon values ranged from 14 to 62 for 
the 14 monitoring sites and are displayed in Figure 5. 

Figure 3. Mean Sensitive EPT Index for BMis collected on September 24-26, 2001, in Ventura 
River watershed, California. 
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Figure 4. Mean Shannon Diversity for BNJis collected on September 24-26, 2001 in Ventura River 
watershed, California. 

Figure 5. Mean Percent Dominant Taxon for BNJis collected on September 24-26, 2001 in Ventura 
River watershed, California. · 

Tolerance Measures: There was one biological metrics used to evaluate the biological condition of 
the Ventura River watershed sites that measure the richness ofthe BMI community. Mean Intolerant 
Taxa values ranged from 0 to 43 for the 14 monitoring sites and are displayed in Figure 6. 
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Figure 6. Mean Percent Intolerant taxa for BMis collected on September 24-26, 2001 in Ventura 
River watershed, California. 

Functional Feeding Groups: There was one biological metrics used to evaluate the biological 
condition ofthe Ventura River watershed sites that measure the richness of the Bl\11 community. 
Mean Percent Grazers values ranged from 1% to 32% for the 14 monitoring sites and are displayed 
in Figure 7. 

Figure 7. Mean Percent Grazers collected on September 24-26, 2001 :in Ventura River watershed, 
California. 
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ffil Scores 

The IBI scores calculated for the 14 Ventura River watershed sites and their corresponding condition 
rating are listed in Table 5. 

Ta~le 5. IBI scores and rating for sites sampled in Jhe Ventura River watershed, fall2001. 

Dominant 
·Taxon 
Sensitive 

EPTindex 
Cummulative 

EPTTaxa 
Shannon 
Diversity 
Intolerant 

Taxa 
Percent 
Grazers 

Total 

Rating 
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Physical/Habitat Scores 

Physica1'Habitat scores for the 14 sites ranged from 73 to 180, which relates to marginal to optimal 
conditions (Table 6). The best sites were tended to be in the upper parts of the watershed and the 
worst in the lower parts. 

Table 6. Habitat parameters for fourteen selected reaches sampled September 24-26, 2001 in Ventura 
River watershed, California 

1. Instream 
Cover 

2. Embeddedriess 

3. Velocity/Depth 
Regime 

4. Sediment 
Deposition 

5. Channel Flow 

6. Channel 
Alteration. 

7. Riffie 
Frequency 

8. Bank Stability 

9. Vegetative 
Protection 

10. Riparian 
Vegetative 
Zone Width 

Reach Total 

8 2 

8 7 

18 5 

8 3 

7 6 

6 10 

16 2 

4 10 

4 12 

4 16 

83 73 

9 14 8 DRY 

11 15 13 

10 19 9 

6 13 12 

14 15 10 

15 13 11 

17 17 16 

4 16 13 

4 12 11 

12 16 14 

102 150 117 

15 17 17 18 17 18 16 13 

19 13 13 14 16 18 18 18 

17· 9 14 19 16 18 17 14 

16 8 10 18 15 18 17 17 

10 8 14 10 10 18 10 10 

15 11 16 14 15 18 13 19 

15 16 18 18 18 17 18 18 

7 10 16 16 15 18 12 12 

3 11 18 18 18 18 12 16 

2 10 18 13 12 19 12 16 

119 113 154 158 152 180 145 153 

13 

10 

12 

11 

15 

16 

15 

10 

14 

16 

132 

Condition 
Category 

margi margi subop Sul?op Subop Subop S1,1bop optim optim optim optim Sub- optim Sub-

Other Reach 
Descriptions 

Vegetative 
Canopy Cover 
Estimate(%) 

pH 

nal nal tiinal timill timal 

5% 45% 85% 0 14% 

8.64 8.33 7.9 8.23 8.1 

D.O (mg!L) 11.76 8.25 6.48 11.89 8.39 

Water 
Temperature 25.1 28.6 20.2 20.0 20.6 

(li<iC) 

Specific 
Conductance 1320 2858 2168. 822 1070 

(l:;IS/cm at 25Ji,&C) 

Comments Dry 
due 
to 

casita 

divers 
ion 

18 

timal timal al al al al opt al opt 

0 88% 30% 13% 73% 7% 0 0 20% 

7.81 8.0 7.9 8.24 8.13 8.31 8.43 8.31 8.25 

7.5 5.85 7.83 7.62 8.43 8.39 9.86 9.41 9.44 

.16.6 18.4 17.9 20.8 20.3 23.4 20.8 17.2 16.8 

1512 1310 978 755 871 831 745 706 969 
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DISCUSSION OF BIOASSEMENT RESULTS 

The overall assessment of the sites sampled from the Ventura River watershed indicates a healthy 
aquatic system. The following potential problems were indicated through the bioassessment data 
and need to be verified and investigated further for cause. · 

Indication of Human Impacts: There were two sites above th.e dam on the main stem ofMatilija 
Creek (#14 and #13). Site #14 has little, if any human impacts. Site #13 was on the same area of , 
Matilija creek, just below a small community. Both had similar habitat scores (153 for Site #14 and 

· 145 for Site #13). The proximity to each other and similar habitat scores would suggest that the 
macroinvertebrate communities-and resulting IBI scores would be somewhat similar. However, site 
#14 scored 70 in the IBI and was tied for the best score with North Matilija Creek, while site #13 
scored only 37, making it the worst site. Numerous pollution intolerant macroinvertebrates found in 
site #14 were missing from #13. Notably, the mayfly Serratella, the stonefly Calineuria califotnica, 
the caddisflies Rhyacophila and Micrasema, and the dobsonfly Corydalus. This site was also 
dominated the pollution tolerant taxa Baetis and Microcylloepus, and the filter feeders Hydropsyche 
and Simulium. These four taxa represented 84% of the total abundance. There was also a large 
bloom of filamentous algae just below the community in Site 13. This evidence might suggest that 
the human community is having some impact on Matilija Creek and further investigation might be 
warranted. 

Effects of Matilija Dam: Site # 12 was on Matilija Creek just below the dam. This site was the 
second most impacted site, with an IBI rating of38. Four of the five most dominant taxa (Baetis, 
Simulium, Fallceon quilleri, and Microcylloepus) were pollution tolerant taxa and accounted for 
approximately 70% of the total abundance. Also, a number of intolerant taxa (Calineuria 
californica, Rhyacophila, and Micrasema) which were observed at Site #14 were at Site 12. This 
evidence makes strong suggestions that Matilija Dam is impacting the dovvnstream biologic 
condition. '--

Effects of Cattle Grazing: There were two sites located on Canada Larga creek (#2 and #3). There 
was a large cattle grazing operation between the two sites. Although these sites had almost identical 
IBI ratings, ( 42 and 43, respectively) there was one conspicuous difference in the macroinvertebrate 
data. The shredding stonefly Malenka was dominant above the grazing impact (40.6%) and. 
completely absent below. Sites #2 and #3 were domiriated by the Hydropsyche and the mayfly 
Tricorythodes (54.7% combined). Tricorythodes is tolerant of :fine sediment and Hydropsyche is 
tolerant of :fine particulate organic matter associated with nutrient enrichment. This evidence 
suggests that cattle grazing is having some effect on the biological condition of the stream. 

Site #4 on the Ventura River and site #15 on San Antonio Creek above Lion Canyon were both rated 
as good. The Ventura River site which was a lower river stretch, was dominated by Hydropsyche 
and Tricorythodes (approximately 39% combined). Hydropsyche and the dipertan larvae from the 
family Stratiomyiidae dominated at site #15 (approximately 47%). Although these were relatively 
tolerant taxa, the biological condition of the sites were·good enough to support diverse BMI 
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communities (27 and 33 cumulative taxa, respectively), and intolerant taxa such as the caddisfly 
Marilia. 

The remaining 8 sites were all rated as Very Good. Of special interest was Site # 1, the Ventura • 
River at Shell Road. Although, it just barely fell within the Very Good range with an IBI score of 
55, it was the lowest site in the watershed. Typical oflower elevation sites which can naturally have 
less diverse communities, Site #1 was populated by relatively tolerant non-insect taxa (physid snails, 
water mites, <1Stracods, and arnhipods). However, the top five taxa in abundance at this site were all 
insect taxa and the most dominant taxon only accounts for approximately 14%. of the total 
abundance. 

Recommendations 

The observation of biological condition for the monitoring sites in the Ventura River watershed was 
based on general knowledge of the HMI community and the IBI that was developed for the San 
Diego region. We are confident with the assessment results discussed in this report and wil,l 
continue biological monitoring at these sites to verify the observations. If the 2002 sampling data 
confirms this year's findings, we may be able to reduce the number of sampling sites close in 
proximity and where the data is very similar. 
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of a multi-metric analytical approach recommended by the EPA for development of biocriteria 
(Davis and Simon 1995). The original IBI was created for assessment of fish communities (Karr 
1981), but was subsequently adapted for BMI communities (Kerans and Karr 1994). 

The first demonstration of a California regional IBI was applied to the Russian River watershed in 
1999 (Harrington 1999). As the Russian River IBI wa; beihg developed, the Department of Fish 
and Game (DFG) began a much larger project for the San Diego Regional Board. After a pilot 
project conducted on the San Diego River in 1995 and 1996, the San Diego Regional Board 
contracted DFG to help them 1ncorporate bioassessment into their ambient water quality 
monitoring program. During 1997 through 2000, data was collected from 93 locations 
distributed throughout the San Diego region. In 2001, a new set of sites were chosen and 
sampled to further establish reference conditions in the San Diego region. The results of this 
sampling event were combined with the results of earlier sampling events to establish a 
preliminary Index of Biological Integrity (IBI) for the San Diego region. In July 2002, a final 
report was presented as a working IBI for the San Diego region. 

This newly developed San Diego IBI is currently the best tool to analyze macroinvertebrate data 
from Southern California in general and Ventura County in this particular instance. The San 
Diego region is much more similar in terms of climate, precipitations, geology and general 
ecosystem, than is the Russian River area. 

10.1.4.2 Bioassessment Introduction 

NPDES permit CAS004002 required the Ventura County Watershed Protection District (VCWPD) 
to implement a countywide monitoring plan which included the development of an instream 
bioassessment monitoring program (this work plan), and the implementation of the monitoring 
program. 

In spring 2001, VCWPD's staff, with the assistance of the Sustainable Land Stewardship Institute 
(SLSI), developed a biological and physical/habitat assessment program within Ventura River 
watershed. On September 18 and 19, 2002, VCWPD and SLSI conducted the second year 
sampling event. The goal of the program was to: 

1) Provide base line information on the macroinvertebrate assemblages within 
Ventura River watershed; 

2) Evaluate the biological and physical/habitat condition of various sampling sites 
within the Ventura River watershed using the preliminary Index of Biological 
Integrity (IBI) for the San Diego region; 

3) Examine the effects of various land-use activities, including urban runoff, 
impacts on the macroinvetebrate community structure throughout the 
Ventura River watershed, and 

4) Provide recommendations and strategies for continued monitoring. 
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' 10.1.4.3 Materials and Methods 

i0.1.4.3.1 Sampling Site Descriptions 

SEP1EiviBER 26, 2003 

• Table 10-1. 11 Ventura River watershed sites sampled on September 18 and 19, 2002 

Sta.ID Name Description and Comments Latitude Longitude 
0 Ventura River - Mainstem Ventura River, first site above estuary with 34 16 54.23 119 18 

Main Street Bridge fresh water. 24.09 
1 Ventura River - Mainstem Ventura River. 34 ~8 59.6 119 17 41.3 

Shell Road Area similar to site #0. % to 112 mile downstream from 
wastewater and treatment pjant. 

2 Canada Larga Canada Larga Creek, d/s of grazing *Dry - not 34 20 31.7 119 17 08.2 
Creek sampled 

3 Canada Larga Canada Larga Creek, above main area of grazing 34 22 23.3 119 14 8.8 
Creek impact 

4 Ventura River - Mainstem Ventura River. 34 21 07.9 119 18 23.7 
Foster Park Closest downstream site to monitor impacts of San 

Antonio Creek. Station is also site is also mass 
emission station. Bioassessment u/s from Foster Park 
Bridge. 

5 San Antonio Creek San Antonio Creek, first upstream site from confluence 34 22 50.9 119 18 23.9 
- near Ventura with Ventura River. *Dry- not sampled 
River 

6 Ventura River - Mainstem Ventura River 
Santa Ana Rd. *Dry- not sampled 

7 Lion Canyon Creek Lion Canyon Creek (tributary to San Antonio Creek) 34 25 19.3 119 15 46.8 
- u/s conf. San First u/s location from confluence. Impacted by 
Antonio Creek nearby stables and grazing. Heavy sediment load. 

*Dry - not sampled 
8 Stewart Canyon Stuart Creek (tributary to San Antonio Creek) 34 26 07.1 119 14 49.3 

Creek - u/s conf. First u/s location from confluence. Impacted by the 
San Antonio Creek city of Ojai and less densely developed residential lots. 

9 San Antonio Creek San Antonio Creek. 34 261.8 119 14 52.7 
near Stewart Impacted by the City of Ojai and less densely 
Canyon Creek developed residential lots. 

10 North Fork Matilija North Fork Matilija Creek. 34 29 06.0 119 17 59.4 
Creek- ujs Ventura No dam influence. Below quarry. 
River conf. 

11 North Fork Matilija North Fork Matilija Creek. 34 29 35.1 119 18 18.6 
Creek- at gauging· No dam influence. Above quarry 
station 

12 Ventura River - Matilija Creek 34 29 2.4 11918 1.7 
below Matilija Dam First station below Matilija dam and first existing 

station above urban influence. Because of dam 
influence, suggest not using as reference site for urban 
impact. 

13 Matilija Creek - Matilija Creek. Above dam and below community 34 30 04.5 119 20 51.7 
below community Monitoring station to evaluate effects of community as 

'\ excessive amount of algae was found immediately 
downstream from community. 

14 Matilija Creek - @ Matilija Creek. Above dam. 34 30 16.9 119 22 26.3 
gate at end of road Monitoring station to evaluate effects of dam and as 

possible reference conditions. *Dry- not sampled 
15 San Antonio Creek San Antonio Creek above Lion Creek 34 25 19.3 119 15 46.8 

above Lion Creek 
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• Figure 10-1. BMI sampling location ofthe 16 reaches selected for the biological monitoring 
plan 
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• Table 10-3. BMI sampling location photos of the 16 reaches selected forthe biological 
monitoring plan (continued). 

Matilija Creek - @ gate at 
road 

BMI Sampling 

Lion Creek 

site 13: Matilija Creek below 
community 

j 

Based on the workplan developed in the spring 2001, it was determined that Fall might be the 
most appropriate sampling index for the Ventura watershed. Waiting until the Fall to sample 
allow for the maximum development and establishment of macroinvertebrate communities. The _ 
downside of Fall sampling would be if too many reaches are dry. It was suggested to initiate the 
sampling during the Fall, and adjust later if necessary. 

The California Stream Bioassessment Procedure (CSBP) was used to describe the BMI 
community and the biotic condition of 11 stream reaches ranging from· fairly pristine to very 
impacted. The DFG (Harrington 1996) developed the CSBP as standardized and cost-effective 
sampling, laboratory and quality assurance procedures for the State's bioassessment programs 
(Appendix A). The CSBP is a regional adaptation of the U.S. Environmental Protection Agency 
(EPA) Rapid Bioassessment Protocols (Barbour et at. 1999) and has been used in various parts of 
the world to measure biological integrity of aquatic systems (Davis et at. 1996). 
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Riffle length was measured for each of the three riffles, and a random number table was used to 
randomly establish a point along the upstream third of each riffle at which a transect was 
established perpendicular to stream flow. Starting with the riffle transect furthest downstream, 
the benthos within a 2 ft2 area was sampled upstream of a 1 ft wide, 0.5 mm mesh D-frame 

. kick-net. Sampling of the benthos was performed manually by rubbing cobble and boulder 
substrates in front of the net, followed by "kicking" the upper layers of substrate to dislodge any 
remaining invertebrates . The duration of sampling ranged from 60-120 seconds, depending on 
the amount of boulder and cobble-sized substrate that required rubbing by hand; more and 
larger substrates required more time to process. Three locations representing any habitat 
diversity along each transect were sampled and combined into a composite sample, representing 
a 6 ft2 area for each transect and 18 ft2 for the entire reach. Each composite sample was 
transferred into a 500 ml wide-mouth plastic jar containing approximately 200 ml of 95% 
ethanol. This technique was repeated for each of three riffles in each reach. 

10.1.4.3.2 BMI Laboratory Analysis 

Laboratory analysis was performed by Aquatic Bioassay and Consultant Laboratory, in Ventura. 
At the laboratory, each sample was rinsed through a No. 35 standard testing sieve (0.5 mm 
brass mesh) and transferred into a tray marked with twenty, 25 cm2 grids. All sample material 
was removed from one randomly selected grid at a time and placed in a petri dish for inspection 
under a stereomicroscope. All invertebrates from the grid were separated from the surrounding 
detritus and transferred to vials containing 70% ethanol and 5% glycerol. This process was 
continued until 300 organisms were removed from each sample. The material left from the 
processed grids was transferred into a jar with 70% ethanol and labeled as "remnant" material. 
Any remaining unprocessed sample from the tray was transferred back to the original sample 
container with 70% ethanol and archived. BMis collected on September 18 and 19 2002, were 
then identified to a standard taxonomic level, typically genus level for insects and order or class 
for non-insects. All samples were QA/QC'd by DFG and the Sustainable Land Stewardship 
Institute Laboratories, using standard taxonomic keys (Brown 1972, Edmunds et al. 1976, 
Kathman and Brinkhurst 1998, Klemm 1985, Merritt and Cummins 1995, Pennak 1989, Stewart 
and Stark 1993, Surdick 1985, Thorp and Covich 1991, Usinger 1963, Wiederholm 1983, 1986, 
Wiggins 1996, Wold 1974). 

Data Analysis 
A taxonomic list of all aquatic macroinvertebrates identified from the samples was entered into a 
Microsoft Excel7 spreadsheet program. Excel7 was used to generate a stand alone taxonomic 
list, and to calculate and summarize the aquatic macroinvertebrate community based metric 
values. The biological metrics are listed in Table 10-4 and Table 10-5 and have been categorized 
into the following types: 

Richness Measures - These metrics reflect the diversity of the aquatic assemblage where 
increasing diversity correlates with increasing health of the assemblage and suggests that niche 
space, habitat and food sources are adequate to support survival and propagation of a variety of 
species. ) 
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composition Measures - These metrics reflect the relative contribution of the population of 
individual taxa to the total fauna. Choice of a relevant taxon is based on knowledge of the 
individual taxa and their associated ecological patterns and environmental requirements such as 
those that are environmentally sensitive or a nuisance species. 

I 

Tolerance/intolerance Measures - These metrics reflect the relative sensitivity of the 
community to aquatic perturbations. The taxa used are usually pollution tolerant and intolerant, 
but are generally nonspecific to the type of stressors. The metric values usually increase as the 
effects of pollution in the form of organics and sedimentation increases. Tolerance values have 
been assigned to North American taxa, but are lacking for taxa found exclusively in Central 
America. In cases where these values were not available, we either used the North American 
value for the family if that family was represented in the North American or the closest estimate 
based on like taxa with North American values. 

Functional Feeding Groups - These metrics provide information on the balance of feeding 
strategies in the aquatic assemblage. The functional feeding group composition is a surrogate 
for complex processes of trophic interaction; production and food source availability. An 
imbalance of the functional feeding groups reflects unstable food dynamics and indicates a 
stressed condition. 
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• Table 10-4. Bioassessment metrics used to describe characteristics of the BMI community 
information for 14 selected reaches sampled September 24-26, 2001 in Ventura River watershed. 
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• Table 10-5. Bioassessment metrics used to describe characteristics of the BMI community 
information for 14 selected reaches sampled September 24-26, 2001 in Ventura River watershed. 
(continued) 
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Index of Biological Integrity (IBI) 
The IBI used to evaluate the monitoring sites in this report was developed for the San Diego 
region. The scoring values derived from Ode et al. (2000) are listed in Table 10-6. 

• Table 10-6. Scoring ranges for the seven metrics included in the San Diego IBI and the IBI values. 

1.59-
1.67 

26-27 45-46 3.4-4 6 
1.68-

2.8-3.2 3.5-4.1 
1.76 

28-29 42-44 4.1-4.6 7 
1.77- 3.3-3.8 4.2-4.8 
1.84 

30-31 40-41 4.7-5.3 8 
1.85-

3.9-4.3 4.9-5.5 
1.93 

32-33 37-39 5.4-6 .9 
1.94- 4.4-4.9 5.6-6.2 
2.02 
2.03-
2.11 

10-14 

A0i0414 

I 
I 
I 
I 
I 
I 
I 

, 
Ill 
pl 

I " 
I 
11 
Ill .~ 



( 

CH.A.PTER 10 SEPTElviBER 26. 2003 
STORMW ATER MONITORlN G PLAN 

10.1.4.4 Physical Habitat Quality 

Physical habitat quality was assessed for the monitoring reaches using U.S. Environmental 
Prote&ion Agency (EPA) Rapid Bioassessment Protocols (RBPs) (Barbour et al. 1999). Habitat 
quality assessments were recorded for each monitoring reach during each macroinvertebrate 
sampling events within riffle/ run habitats. Description of reach scale habitat parameters used to 
document local habitat conditions along stream corridors is shown in Appendix B. 

10.1.4.5 Results 

The BMis identified from the samples collected on September 18-19, 2002 from the 11 sites are 
listed in the Species Sheet of attached Excel Spreadsheet. The means and coefficients of . 
variation (CV) for biological metrics calculated from BMI samples are listed in Means and Metrics 
Sheets of attached Excel Spreadsheet. Forms containing chemical and physical/habitat 
characteristic scores and field notes are on file at the Ventura County Public Works Agency office 
in Ventura, and copies are on file at the SLSI office in Sacramento. 

10.1.5 BMI Community Structure 

One hundred and forty three taxa of BMTs were identified in the 33 sampies coiiected at the 11 
'sampling sites in the Ventura River watershed (Appendix C). The data also contains a list of the 

five most common taxa found at the 11 sites. Although all the biological metrics listed in Table 
10-4 and Table 10-_5 were calculated for the Ventura River watershed sites, only seven 
(Cumulative Taxa, % Dominant Taxon, Sensitive EPT Index, Cumulative EPT Taxa, Shannon 
Diversity, % Intolerant Taxa, and % Grazers) were used in the IBI and described in graphic form 
in this report. These biological metrics seemed to give the best overall sensitivity and 
discriminatory power to describe biological condition (Ode et al. 2002). 

Richness Measures: There were two biological metrics used to evaluate the biological condition 
of the Ventura River watershed sites that measure the richness of the BMI community. 
Cumulative Taxa values ranged from 29 to 52 for the 11 monitoring sites and are displayed in . 
Cumulative EPTTaxa ranged from 5 to 17 for the 11 monitoring sites and are displayed in .. 
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Cumulative Taxonomic Richness 
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• Figure 10-2. Cumulative Taxonomic Richness for BMis collected on September 18 and 19, 
2002 in Ventura River watershed, California. 

Cumulative EPT Taxa 
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• Figure 10-3. Cumulative EPT Taxa for BMis collected on September 18 and 19, 2002 in 
Ventura River watershed, California. • 

Composition Measures: There were three biological metrics used to evaluate the biological 
condition of the Ventura River watershed sites that measure the composition of the BMI 
community. Mean Sensitive EPT Index values ranged from 0% to 17.5% for the 11 monitoring 
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sites and are displayed 'in Figure 10-4. Mean Shannon Diversity values ranged from 1.7 to 2.9 
for the 11 monitoring sites and are displayed in Figure 10-5. Mean Percent Dominant Taxon 
values ranged from 16 to 49 for the 11 monitoring sites and are displayed in Figure 10-6. 

Mean Sensitive EPT Index 
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• Figure 10-4. Mean Sensitive EPT Index for BMis collected on September 18 and 19, 2002 in 
Ventura River watershed, California. 

Mean Shannon Diversity 
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• Figure 10-5. Mean Shannon Diversity for BMis collected on September 18 and 19, 2002 in 
Ventura River watershed, California. 
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Mean % Dominant Taxon 
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• Figure 10-6. Mean Percent Dominant Taxon for BMis collected on September 18 and 19, 2002 
in Ventura River watershed, California. 

15 

Tolerance Measures: There was one biological metrics used to evaluate the biological 
condition of the Ventura River watershed sites that measure the tolerance of the BMI 
community. Mean Intolerant Taxa values ranged from 0 to 17 for the 11 monitoring sites and 
are displayed in Figure 10-7. 

Mean Percent Intolerant Taxa 
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• Figure 10-7. Mean Percent Intolerant taxa for BMis collected on September 18 and 19, 2002 in 
Ventura River watershed, California. 
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Functional Feeding Groups: There was one biological metrics used to evaluate the biological 
-~, condition of the Ventura River watershed sites that measure partial feeding guild composition of 

the BMI community. Mean Percent Grazers values ranged from 2% to 35% for the 11 
monitoring sites and are displayed in Figure 10-8. 

Mean Percent Grazers 
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"Figure 10-8. Mean Percent Grazers collected on September 18 and 19, 2002 in Ventura River 
watershed, California. 
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IBI Scores 

The IBI scores calculated for the 11 Ventura River watershed sites and their corresponding 
condition rating are listed in Table 10-7. 

• Table 10-7. IBI scores and rating for sites. sampled in the Ventura River watershed, Fall 
2001. 

Cummulative 
Taxa ,~.~ 

Dominant '8 10 
Taxon . ' 

Sensitive EPT 
0 0 

Index 
Cummulative 

4 
EPTTaxa 
Shannon 

7 10 10 
Diversity 
Intolerant 0.. 0 10 ·. 10 

" . 10 10 
Taxa 
Percent 

4 9 10 10 10' 10 10 8 2 
Grazers 
Total 33 39 65 70 70 69 70 3i·· 51 

Rating Fair Good 
Very Very Very Very Gobd Fair Good 
Good Good Good Good 

Physical/Habitat Scores 

Physical/Habitat scores for the 11 sites ranged from 73 to 180, which relates to marginal to 
optimal conditions (Table 10-8 and Table 10-9). The best sites tended to be in the upper parts 
of the watershed and the worst in the lower parts. 

10-20 

A0:104?0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
J 

I 
I 
I 
I 
I 
I 
I 



I 
I 
I 

I 

CHAPTERIO SEPTElv1BER 26. 2003 
STOR.i\1W A TER MO:N"lTORlNG PLAt'\! 

• Table 10-8. Habitat parameters for 11 selected reaches sampled September 18 and 19, 2002 in 
·Ventura River watershed, California. 

I 

.... •>Habitat' > .. :. ·;_::o _. .. !,-: .. , .: 
10:~ 

...... . i·· .· 1':, •a::;:.:,. 
· .. :;;;.:-,,.:;/:;' I'' :i..: , · .. :::1~\ .. :U 

1:'···· .. ;:,;~.~11-? ; .....• : ..••.. ';~: .. ;;:; '> •··• . 

;: P3r.ii~t&r · ··• .. · .. ·. ~--.::_.: 1.;:.. .. ..... ·•· ··•·· .. ·· ....... , i :,-i>t. . :-• ;-.:;;:.-,;.···. ' .~ . :· ... , , .... ,.:•)·•· ;;;;;' .. · .. . :·. ~~ 

1. In stream 17 12 12 18 14 13 16 19 11 15 
Cover 
2. 17 
Embeddedness 

12 14 16 16 13 16 17 18 16 

3. 
Velocity/Depth 16 17 10 14 8 11 16 16 16 16 
Regime 
4. Sediment 14 
Deposition 

14 9 15 16 13 16 14 18 16 

5. Channel Flow 6 7 5 8 11 10 10 11 8 8 
6. Channel 15 10 20 15 11. 18 13 19 15 18 
Alteration 
7. Riffle 10 7 16 14 13 10 15 14 16 15 
Frequency 
8. Bank 16 14 4 18 13 16 18 17 18 16 
Stability 
9c Vegetative 16 8 10 18 16 18 18 18 20 17 
Protection 
10. Riparian 
Vegetative 14 8 14 18 13 16 19 20 19 

·~ 0ne Width 
20 

' 

~each Total 

I Condition 
Category 

141 102 

Subopti Subopt 
mal imal 

Storn.~%··~Hf··r ;..:ru~Uf ~~ 
l,.f;;.;.T'fMg:::·H?{.>>~;t Prr.;~gnn .. ?'t 

114 154 

Subopt Optimal 
imal 

131 142 154 164 160 156 

Subopt Subopti Optima Optima Optima Optima 
imal mal I I I I 
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• Table 10-9. Habitat parameters for 11 selected reaches sampled September 18 and 19, 2002 in 
Ventura River watershed, California. (continued) 

Other Reach 0 ; . ':.1 ,,; ,::a· . ,J 4.· .. .8' '.g:;:· ··:·: ·:~;o .11 
Descriptions .I , . ~ '. , . : ·::< :·:: .. \:~~ ><.;::= " f:,. ...... · , .... : · .. :·. 

Vegetative 
Canopy Cover 20 30 90 13 78 38 43 86 34 8 
Estimate {%) 

l!_H 7.8 8.0 7.8 7.6 7.9 7.9 8.0 

77 

8.3 
o:o (mg/L) 6.1 8.9 5.7 9.3 8.0 8.2 9.1 11.0 
Water 
Temperature 19.0 20.1 

_en cf 
Specific 
Conductance 

158.9 133.5 (<I>Sjcm at 
25EC) 
Comments 

i-f"n!H.J"d ( OUn{··vi+"}d:!.~ 

.).[ Ol.t.U H-·-~.H ('f' t~U~.! ?J f F 

Af{:;tus;;crnt'Ht F'fOXlt~rn· 

15.0 18.5 19.0 22.2 19.2 21.5 

160.0 125.8 130.0 120.0 76.4 128.9 

-, 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 



( 

CHAPTER 10 SEPTEMBER 26, 2003 
STOR.!\1W ATER MONITORING PLAN 

10.1.5~1 Discussion of Bioassessment Results 

The assessment of the sites sampled from the Ventura River watershed in 2002 indicates an 
overall healthy aquatic system. Six of the 11 sites (Site numbers 3, 4, 8, 9, 11 and 15) were 
rated as very good using the San £:2ieg_q_ IBI. All 11 Ventura River watershed sites had 
physical/habitat quality ratings of optimal or subopti~al. 

The sites that scored the lowest were the Ventura River sites 0, 1 and 12. Site 0 and 1 are the 
two lower most sites in the watershed. These two sites were similarly low in diversity and 
"dominated by a few taxa (Microcy!loepus sp., Planariidae, Hyalella sp., Baetis sp. and Fallceon 
sp.). Lower diversity is typical of lower elevation sites and sites in the lowermost portion of 
larger watersheds. Although the dominant taxa at these sites were moderately tolerant species, 
the assemblage was not indicative of unhealthy sites. The mayflies, Baetis sp. and Fallceon sp 
are tolerant of marginal habitat and sedimentation, but would be absent under toxic conditions. 
Site #12 was on Matilija Creek just below the dam. This site was the most impacted site, with 
an IBI rating of 31. Three of the five most dominant taxa (Baetis, Simulium, and Microcylloepus 
sp.) were tolerant taxa and accounted for 71 <vo of the total abundance. The 2001 biotic condition 
at site #12 was somewhat higher with an IBI rating of 38, but still of lower quality compared to 
other sites. 

There were two sites (#13 and #10) that had IBI scores of 51 and 49, respectively. These 
scores equated to a biotic condition rating of good. Site #13 was above the dam on the main 
stem of Matilija Creek just below a small community. In 2001, this si~e was the worst of the 14 
sites tested having an IBI score of 37. In 2001, there was also a large bloom of filamentous 
algae just below the community in site #13 and four taxa, (Baetis and Microcyl!oepus, and the 
filter feeders Hydropsyche and Simulium) represented 84% of the total abundance. In 2002, the 
taxa composition changed and, although dominated by moderately tolerant taxa (Fal/ceon sp. 
Tricorythodes sp. Dasythelea sp. and Microcylloepussp.), they only represented 57% of the total 
abundance. Site #10 was scored as very good in 2001 with a score of 59. The 2002 IBI score 
was 10 points lower and primarily a result of fewer pollution intolerant species and grazer taxa 
being part of the invertebrate community that year. 

The 2002 San Diego IBI scores determined for sites also sampled in 2001, were higher at six 
sites, lower at three sites and identical at one (Figure 10-9). Although the sites with the highest 
and lowest ratings remained the same in both years, the differences resulted in a change of 
rating designation in six of the 11 sites. Since the difference in the two years was not informally 
higher or lower, the discrepancy could be a result of sampling difficulty related to flow change. 
Five of the intended sampling sites could not be sampled in 2002 due to no flow conditions. 
Differences in physical/habitat condition were less evident but also were influence by low flow 
conditions (Figure 10-10). Regardless of the difference in score value, the trend of higher and 
lower physical/habitat quality was similar in both years. 
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San Diego IBI Scores 
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• Figure 10-9. San Diego IBI Scores for sites that were sampled both in Fall 2001 and 2002 
in Ventura River watershed, California. 

Physical/Habitat Quality Scores 
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• Figure 10-10. Physical/Habitat Quality Scores for sites that were sampled both in Fall 
2001 and 2002 in Ventura River watershed, California. 
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Recommendations 
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SEPTEivlBER 26. 2003 

The observation of biological condition for the monitoring· sites in the Ventura River watershed 
was based on general knowledge of the BMI community and the IBI that was developed for the 
San Diego region. An IBI developed from test and reference sites from Monterey Bay to the 
Mexico border is close to completing and will be available for tl:le 2003 data analysis. This new 
SoCal IBI will be more appropriate for use with Ventura River watershed sites and may or may 
not produce changes .in biotic condition ratings. We recommend that next year's report have a 
recalculation of biotic condition scores for all three years. 

For this bioassessment analysis, benthic macroinvertebrates (BMis) were identified to a 
taxonomic level of Species, but the California Stream Bioassessment Procedure (CBSP) requires 
a BMI identification to a taxonomic level of Family. Although identification of BMis to a Species 
level could provide more detail, the San Diego Region IBI used for this analysis was designed for 
Family level· identification. In the near future, another Bioassessment report using BMI 
identification to the taxonomic level of Family will be produced and sent to the Regional Water 
Quality Control Board~ · 
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Receiving water monitoring at these sites was first implemented during 
the 1997-98 season and captures stormwater runoff from the Revolon 
Slough sub basin. 

9~1.3 Mass Emission Monitoring 

' The purpose of mass emission monitoring is to identify pollutant loads to 
the ocean, identify long term trends in pollutant concentrations, and 
characterize surface water: quality in major receiving waters. Mass 
Emission sites are located in the lower reaches of major watersheds. 
Through these sites, the Stormwater Monitoring Program can evaluate the 
cumulative effects of stormwater runoff and other surface water 
discha.rges on beneficial uses in the vyatershed prior to discharge to the 
ocean. Both Mass Emission stations and Receiving Water stations 
measure water quality concentrations in a surface water body, rather than 
a discharge to a water body 'like the Land Use monitoring stations. Mass 
Emission monitoring stations measure water quality concentrations 
resulting from discharges and stormwater runoff throughout an entire 
watershed. The Mass Emission drainage area is much larger than the 
drainage area for the Receiving Water sites and includes other sources of 
discharge, such as wastewater treatment plants and groundwater 
discharges. 

Mass Emission stations are lo2ated in the three major Ventura County 
watersheds: Calleguas Creek (ME-CC), Ventura River (ME-VR), and Santa 
Clara River (ME-SCR). Each Mass Emission station was monitored this 
season. During the 2003-2004 monitoring season, water quality samples 
from three wet weather and three dry weather events were collected for 
water chemistry and toxicity at the Mass Emission sites. Monitoring at 
two of these stations, ME-CC and ME-VR, was initiated during the 2000/01 
monitoring season, while monitoring at the ME-SCR was initiated during 
the 2001/02 monitoring season. 

9.1.4 Bioassessment Monitoring 

The Ventura County Stormwater Monitoring Program also includes the 
Bioassessment Monitoring Program. A work plan for in-stream 
bioassessment monitoring in the Ventura River watershed was developed 
and submitted in January 2001 to the Regional Water Quality Control Board 
(RWQCB) as part of the revised Stormwater Management Plan. For three 
years, starting in 2001, bioassessment monitoring has been conducted 
once a year in the fall to establish baseline data. The ·bioassessment 
monitoring for this reporting period occurred in September, 2003, and 
included 15 monitoring locations, including main streams and tributaries. 
Three of the 15 monitoring locations were dry, resulting in no monitoring at 
those locations. Bioassessment monitoring is conducted during the fall 
because it is the time period during which flows are most consistent and 
benthic macroinvertebrates are most productive and diverse. The fall 
season provides a consistent, stable environment for sampling that allows 
for benthic macroinvertebrate comparability from year to year. The results 
and a discussion of the fall 2003 bioassessment monitoring are provided in 
Section 9.2 of this Report. Pictures showing the bioassessment monitoring 
conducted during the fall of 2003 are provided below. 
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Monitoring Program's Land Use (Events 1 and 2), Receiving Water (Event 
1), and Mass Emission· (all events) sites, as well as three dry weather 
events monitored at each of the Mass Emission stations. 

This monitoring report is organized into 9 sections. The first section, 
Section 9.1 provides the background and purpose of the Stormwater 
Monitoring Program. Section 9.2 provides the results and a discussion of 
the fall 2003 bioassessment monitoring. Section 9.3 includes a 
description of the monitoring sites. Section 9.4 discusses precipitation 
and flow conditions at the monitoring sites. Section 9.5 gives an overview 
of sample collection procedures and Section 9.6 provides tabular results of 
the sample analyses. Section 9.7 describes the quality assurance and 
control. procedures employed by the· Stormwater Monitoring Program. 
Section 9.8 discusses the water quality results and Section 9.9 
summarizes mass loadings and data ·analysis. 

9.2.1 Background 

Streams and rivers throughout the world face a number of problems, 
primarily associated with modification of in-stream and riparian structure, 
inputs of contaminated water and increases in the size and frequency of 
floods due to the increase in impervious surfaces. There have been many. 
studies and reports showing the deleterious effects of land-use activities 
to macroinvertebrate and fish communities (Jones and Clark 1987; Lenat 
and Crawford 1994; Weaver and Garman 1994; Karr 1998). Preventing 
some of these problems and restoring streams to a healthier condition is 
being attempted throughout the world (Karr et al. 2000). 

Direct measurements of ambient biological communities incfuding plants, 
invertebrates, fish, and microbial life have been used for the past 150 
years as. indicators of sanitation, potable water supplies, and the health of 
water for fisheries and recreation. In addition to these water quality 
implications, biological assessments (bioassessments) can be used as a 
watershed management tool for surveillance and compliance of land-use 
best management practices. Combined with measurements of watershed 
characteristics, land-use practices, in-stream ·habitat, and water 
chemistry, bioassessment can be a cost-effective tool for long-term 
biological trend monitoring of watershed condition (Davis and Simon 
1996). 

Biological assessments of water resources integrate the effects of water 
quality over time, are sensitive to multiple aspects of water and habitat 
quality, and provide the public with more familiar expressions of ecological 
health than the results of chemical and toxicity tests (Gibson 1996). 
Furthermore, biological assessments when integrated with physical and 
chemical assessments better define the effects of point-source discharges 
of contaminates and provide a more appropriate means for evaluating 
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discharges of non-chemical substances (e.g. nutrients, sedimentation and 
habitat destruction). 

Water resource monitoring using benthic macroinvertebrates (BMI) is by 
far the most popular method used "throughout the world. BMis are 
ubiquitous, relatively stationary, and their large species ~iversity provides 
a spectrum of responses to environmental stresses (Rosenberg and Resh 
1993). Individual species of BMis reside in the aquatic environment for a 
period of months to several· years and are sensitive, in varying degrees, to 
temperature, dissolved oxygen, sedimentation, · scouring, nutrient 
enrichment, and chemical and organic pollution (Resh .and Jackson 1993). 
Finally, BMis represent a significant food source for aquatic and terrestrial 
animals and provide a wealth of evolutionary, ecological and 
biogeographical information (Erman 1996). 

While there are many potential methods for evaluating biotic condition 
from community data, most approaches in the United States use a 
combination of multi-metric and multivariate techniques. In multi-metric 
techniques, a set of biological measurements ("metrics"), each 
representing a different aspect of the community data, is calculated for 
each site. An overall site score is calculated as the sum of individual 
metric scores. Sites are then ranked according to their scores and 
classified into groups with "good", "fair", and "poor" water quality. This 
syster:n of scoring and ranking sites is referred to as an Index of Biotic 
Integrity (IBI) and is the end point of a multi-metric analytical approach 
recommended by the EPA for development of biocriteria (Davis and Simon 
1995). The original IBI was created for assessment of fish communities 
(Karr 1981), but was subsequently adapted for BMI communities (Kerans 
and Karr 1994). 

The first demonstration of a California regional IBI was applied to the 
Russian River watershed in 1999 (Harrington 1999). As the Russian River 
IBI was being developed, the California Department of Fish and Game 
(CDFG) began a much larger project for the San Diego Regional Board. 
After a pilot project conducted on the San Diego River in 1995 and 1996, 
the San Diego Regional Boar<;! contracted CDFG to help them incorporate 
bioassessment into their ambient water quality monitoring program. 
During 1997 through 2000, data were collected from 93 locations 
distributed throughout the San Diego region. In 2001, a new set of sites 
were chosen and sampled to further establish reference conditions in the 
San Diego region. The results of this sampling event were combined with 
the results of earlier sampling events to establish a preliminary Index of 
Biological Integrity (IBI) for the San Diego re'gion. In July 2002, a final 
report was presented as a working IBI for the San Diego region. 

Since the distribution of the San Diego IBI, work has been completed on 
an IBI that can be used for the entire Southern California coastal area 
(Ode et al. 2004). Although the new IBI is complete and will eventually 
replace the San Diego version, the methodology is not yet included in 
permits or part of the Surface Water Ambient Monitoring Program 
(SWAMP). At the time of this report, the San Diego IBI is currently the 
best tool to analyze macroinvertebrate data from Southern California in 
general and Ventura County in this particular instance. T~e San Diego 
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region is much more similar in terms of climate, precipitations, geology, 
and general ecosystem characteristics than is the Russian River area. 

9.2.2 Introduction 
f 

NPDES permit CAS004002 required the Ventura County Watershed 
Protection District (VCWPD) to implement a countywide monitoring plan 
which inclu.ded the development of an in-stream bioassessment 

. monitoring program (this work plan), and the implementation ·of the 
monitoring program. 

In spring 2001, VCWPD staff, with the assistance of the Sustainable Land 
Stewardship Institute (SLSI), developed a biological and physical/habitat 
assessment program within Ventura River watershed. On September 24-
26, 2003, VCWPD and SLSI conducted the second year sampling event . 

. The goal of the program was to: 

1. Provide baseline information on the macroinvertebrate assemblages 
within Ventura River watershed; 

2. Evaluate the biological and physical/habitat condition of various 
sampling sites within the Ventura River watershed using the 
preliminary Index of Biological Integrity (IBI) for the San Diego region; 

3. Examine the effects of various land-use activities, including urban 
runoff, on the macroinvetebrate community structure throughout the 
'Jentura River vvatershed; an.d 

4. Provide recommendations and strategies for continued monitoring. 

·9.2.3 Materials and Methods 

Sampling Site Descriptions 
The 15 established sampling sites in the Ventura River watershed are 
listed in Table 1 (shown on page 9-9) and shown in Figure 9-1 (shown on 
page 9-10). Ten sites had flowing water in 2003 and were sampled on 
September 24 .:... 26. Photographs of these 10 sites are displayed in Figure 
9-2 (shown on pages 9-11 and 9-12). 
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Table 9-1: BMI sampling location information for 15 reaches selected for 
the biological monitoring plan and the 10 sites sampled (5 sites were dry) 

5 t b · 24 26 2003 · th V t R"v r Watershed on ep1em er - , , 1n e en ura I e 
· Sta.ID 

0 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

l3 

14 

15 

Name 
v;ntura River-
Main Street Bridge 
canada Larga 
Creek 
Cimada Larga 
Creek 
Ventura River -
Foster Park 

San Antonio Creek 
- near Ventura 
River 
Ventura River -
Santa Ana Rd. 
Lion Canyon 
Creek- u/s conf. 
San Antonio Creek 

Stewart Canyon 
Creek- u/s conf. 
San Antonio Creek 

San Antonio Creek 
near Stewart 
Canyon Creek 
North Fork 
Matilija Creek- u/s 
Ventura River 
con f. 
North Fork 
Matilija Creek- at 
gauging station 
Ventura River-
below Matilija 
Dam -
Matilija Creek-
below _community 

Mati1ija Creek - @ 
gate at end of road 

San Antonio Creek 
above Lion Creek 

t,•i"Jt ~··r.- ~-n ( ~c.·H~t·;J y·:.~ ·Cd, .. 

~~··;: tJ'~f~'!l; ~~~ "J"J' '·--~ j/ •''=~ ll~! ~ ~ 

·~·rt,i'!d:;~~~-.,Hrld ~"~t;;~e~·,aJJ 

Description and Comments Latitude 
Mainstem Ventura River, first site above estuary with 34 16 54.23 
fresh water. 
Canada Larga Creek, dls of grazing ·kDry - not 

34 20 31.7 
sampled 
Canada Larga Creek, above main area of grazing 34 22 23.3 
impact *Dry - not sampled 
Mainstem Ventura River. 
Closest downstream site to confluence with San 

34 21 07.9 
Antonio Creek. Station is also mass emission station. 
Bioassessment d/s from Foster Park Bridge. 
San Antonio Creek, fi.rst upstream site from 
confluence with Ventura River. *Dry- not sampled 34 22 50.9 

Mainstem Ventura River 
*Dry- not sampled 
Lion Canyon Creek (tributary to San Antonio Creek) 
First u/s location from confluence. Site with heavy 

34 25 19.3 
sediment load and influenced by nearby stables and 
grazing. *Dry - not sampled 
Stuart Creek (tributary to San Antonio Creek) 
First u/s location from confluence. Within close 

34 26 07.1 
proximity to the city of Ojai and less densely 
developed residential lots. 
San Antonio Creek. 
Within close proximity to the City of Ojai and less 34 26 1.8 
densely developed residential lots. 
North Fork Matilija Creek. 
No dam influence. Below quarry. 34 29.06.0 

. North Fork Matilija Creek. 
No dam influence. Above quarry 342935.1 

Matilija Creek 
First station below Matilija dam and first existing 34 29 2.4 
station above urban influence. 
Matilija Creek. 
Above dam and below community. Site has 34 30 04.5 
excessive amount of algae. 
Matilija Creek. Above dam. 
Monitoring station to evaluate effects of dam and as 34 30 16.9 
possible reference conditions. 
San Antonio Creek above Lion Creek 

34 25 19.3 

A010430 

Longitude 

119 18 24.09 

119 17 08.2 

119 14 8.8 

1191823.7 

1191823.9 

119 15 46.8 

1191449.3 

119 14 52.7 

1191759.4 

119 18 18.6 

119181.7 

119 20 51.7 

119 22 26.3 

119 15 46.8 
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Elev. 

19 

293 

334 

571 

347 

623 

685 

650 

978 

1,360 

1020 

1,355 

1,553 

623 
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Site 15 San Antonio Creek above 

~ .. ' 

Biological sampling techniques Biological sampling techniques 

Figure 9-2 (Continued): BMI sampling location photos of the 10 
reaches sampled in 2003 for the Ventura River Watershed Biological 
Monitoring Program 

9.2.4 BMI Sampling 

Based on the work plan developed· in spring 2001, the fall season was 
determined to be the most appropriate sampling index for the Ventura 
River watershed .. The fall represents the most critical time for water 
quality and the highest stress on biotic communities. The problem with 
sampling in the fall is that some sites can be dry, especially in years 
experiencing drought conditions. 

The California Stream Bioassessment Procedure (CSBP) was used to 
describe the BMI.community and the biotic condition of 10 stream reaches 
sampled in 2003. The CDFG (Harrington 1996) developed the CSBP as 
standardized and cost-effective sampling, laboratory, and quality 
assurance procedures for the State's bioassessment programs (see 
Appendix 3 for additional information). The CSBP is a regional adaptation 
of the U.S. Environmental Protection Agency (EPA) Rapid Bioassessment 
Protocols (Barbour et al. 1999) and has been used in various parts of the 
world to measure biological integrity of aquatic systems (Davis et al. 
1996). 

Riffle length was measured for each of the three riffles, and a random 
number table was used to randomly establish a point along the upstream 
third of each riffle at which a transect was established perpendicular to 
stream flow. Starting with the riffle transect furthest downstream, the 
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:benthos Within a 2 ft2 area was sampled upstream of a 1 ft wide, 0.5 mm 
.'mesh D-frame kick-net. Sampling of the benthos was performed 
manually by rubbing cobble and boulder substrates in front of the net, 

, .;. followed by "kicking" the upper layers of substrate to dislodge any 
.. · .. · remaining invertebrates. The duration of sampling ranged from 60-120 

.:· ·. seconds, depending on the amount of boulder and cobble-sized $Ubstrate 
• .. · , " '

1 that required rubbing by hand; more and larger substrates required more 

rl' 

time to process. Three locations representing· any habitat diversity along 
each transect were sampled and combined into a composite sample, 
representing a 6 ft2 area for each transect and 18 ft2 for the entire reach. 
Each composite sample was transferred into a 500 ml wide-mouth plastic 
jar containing approximately 200 ml of 95% ethanol. This technique was 
repeated for each of three riffles in each reach. 

9.2.5 BMI Laboratory Analysis 
> 

Laboratory analysis was performed by Aquatic Bioassay and Consulting 
Laboratories, Inc. in Ventura. At the laboratory, each sample was rinsed 
through a No. 35 standard testing sieve (0.5 mm brass mesh) and 
transferred into a tray marked with twenty, 25 cm2 grids. All sample 
material was removed from one randomly selected grid at a time and 
placed in a petri dish for inspection under a stereomicroscope. All 
invertebrates from the grid were separated from the surrounding detritus 
and transferred to vials containing 70% ethanol and 5% glycerol. This 
process was continued until 300 organisms were removed from each 
sample. The material left from the processed grids was transferred into a 
jar with 70°io ethanol and .labeled as "remnant" material. Any remaining 
unprocessed sample from the tray was transferred back to the original 
sample container with 70% ethanol and archived. BMis collected on 
September 24 - 26, 2003, were then identified to a standard taxonomic 
level, typically genus level for insects and order or class for non-insects. 
All samples were QA/QC'd by CDFG and the Sustainable Land Stewardship 
Institute Laboratories using standard taxonomic keys (Brown 1972, 
Edmunds et al. 1976, Kathman and Brinkhurst 1998, Klemm 1985, Merritt 
and Cummins 1995, Pennak 1989, Stewart and Stark 1993, Surdick 1985, 
Thorp and Covich 1991, Usinger 1963, Wiederholm 1983, 1986, Wiggins 
1996, Wold 1974). 

9.2.6 Data Analysis 

A taxonomic list of all aquatic macroinvertebrates identified from the 
samples was entered into a Microsoft Excel 7 spreadsheet program. Excel 
7 was used to generate a stand alone taxonomic list, and to calculate and 
summarize the aquatic macroinvertebrate community based metric 
values. The bioiQgical metrics are listed in Table 9-2 (shown on page 
9-15) and have been categorized into the following types: 

Richness Measures - These metrics reflect the diversity of the aquatic 
assemblage where increasing diversity correlates with increasing health of 
the assemblage and suggests that niche space, habitat, and food sources 
are adequate to support survival and propagation of a variety of species. 
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Composition Measures - These metrics reflect the relative contribution 
of the population of individual taxa to the total fauna. Choice of a relevant 
taxon is oased on knowledge of the individual taxa and their associated 
ecological patterns and environmental requirements such as those that 
are environmentally sensitive or a nuisance species . 

. Tolerance/intolerance Measures - These metrics reflect the relative 
sensitivity of the community to aquatic perturbations. The taxa used are 
usually pollution tolerant and intolerant, but are generally nonspeCifiC to 
the type of stressors. The metric values usually increase as the effects of 
pollution in the form of organics and sedimentation increases. 

Functional Feeding Groups - These metrics provide information on the 
balance of feeding strategies in the aquatic assemblage. The functional 
feeding group composition is a surrogate for comple)( processes of trophic 
interaction, production, .and food source availability. An imbalance of the 
functional feeding groups reflects unstable food dynamics and indicates a 
stressed condition. 
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Table 9-2: Bioassessment metrics used to describe characteristics of the 
BMI community at the 10 selected reaches sampled September 24 - 26, 
2003, in the Ventura River Watershed 

Petcent Intolera~t 
· (Jrganisms ::: : · 

Percent Tolerant 
O_rg~nisms .: . •·. ·. ' 

. .. ,_ .. · ... 
· · .Pefbent Doi;ninant ':rro;:a. , ... 

'pbrce~t · .. 
. 1-iydropsybbictae ··;•· ... ,,_ ........ ·.·,· · .. ,.;, "',.,; .· 

': .. \)'" ·'·"·' . .,/t,.•,.r. _:.)-,\ .. ~. _, .. 

·,:PH6ci~t'Gra?er$> · 

''. ., ,, . . 

Percent Shredders 
' -,_ ' - .·' ~~ : 

Abundance: 

Esiiinated · .· · 
Abundance 

-· . ,. . ' .. . . . ~ . ' . . . 

; ' ' P.er'ceht o:forgar}isms in ~a~ple that ~~e h.Ighly·i~t6ier~t to, ; ' 
1mpairi:nent as~indicated"by a tolerance value of o; Iii(~: 

.. :Per~ent ofo~ganism~ ~ sampre ili~t ar~ highly tol~rai-lto 
••-ifupairment as indicated by a tolerance vai'ueofS, 9 orlO 

: . . . ·- '. ' ' . . . . . '. ; ~ . 

,·;_.. :•,.,". 

~i:~~~flt of~~~tobenthos that filter ~ne particillate mattef •. · .. ·· .. 
,> ' '• 'I •• ' ' • • C I • ; ~ ' , ' ,, .•• ·~, " • _'; I ' ' • •• ,' •' •, • • _., • 

;,.''.!. ·-·'=''': ·- ........ •;,--·· 

Pei:(;ent otma¢~~beht~os that @:a~~ up'qif pedP.hyt9n. ;," 

• ·Percent ofma~r~ber1thosthat sh~eds coarse parti~ulatematter ·. 

Estimated number ofBMisin sampte- calcirhited bydttrapo!ating 
from the proportion of organisms counted in the subsampJe 
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9.2.7 Index of Biological Integrity {IBI) 

The IBI used to evaluate the monitoring sites in this report was deyeloped 
for the San Diego region. The scoring values derived from Ode et al. 
(2002) are listed in Table ~-3 (shown below). 

Table 9-3: Scoring ranges for the seven metrics included in the San Diego 
IBI and the IBI values 

9.2.8 Physical Habitat Quality 

Physical habitat quality was assessed for the monitoring reaches using 
U.S. Environmental Protection Agency (EPA) Rapid Bioassessment 
Protocols (RBPs) (Barbour et al. 1999). Habitat ql,lality assessments were 
recorded for each monitoring reach · during each macroinvertebrate 
sampling event within riffle/ run habitats. A description of reach scale 
habitat parameters used to document local habitat conditions along 
stream corridors is provided in Appendix 4. 

9.2.9 Results 

The BMis identified from the samples collected on September 24 - 26, 
2003, from the 10 sites are listed in the Species Sheet included in 
Appendix 5. The means and coefficients of variation (CV) for biological 
metrics calculated from BMI samples are listed in the Detailed Metrics 
Sheet included in Appendix 5. Forms containing chemical and 
physical/habitat characteristic scores and field notes are on file at the 
VCWPD office in Ventura, and copies are on file at the SLSI office in 
Sacramento. 

In September 2004, three (10% of total) BMI samples were submitted to 
the CDFG Aquatic Bioassessment Laboratory in Sacramento for Taxonomic 
Quality Assurance Testing. Only small taxonomic and numeric 

,.;...,!rf ~" ra r·· r :;; ... ~:}'.::f-:.1'!-: · 
.-~'!' '1.''~_r:"":1-'::? :.:--.- < •. )~dL: :·· 
:~- -;:i!·::;i?p::-;;7 ;rr;- _f -.t=~:i~:;rJ!-:t-.l-~ 

9-16 

··~ 

f 
l 

. ·. ~:· 



'' ·~ .. , ,· 

~ '' 
' ~ ~ ., .I 

·'' . 
\· ' 

•'' I 

'·. 
t ·'•·.:··. 
•.·, '. 

; / " 
·:· •: 

"r' 

•'·· 

·,. ' 

CHAPTER 9 
ANNUAL MONITORING REPORT 

discrepancies were found, none of Which would affect the biological metric 
values cited in this report. 

;. . . ~ . , . .,; ..... -~. 
",.~, 9t2.~10 BMI Community Structure 

'.) 

,. :' 

One Kundred and thirty-three taxa of BMis were identified in the 30 
samples collected at the 10 sampling sites in the Ventura River watershed. 
Appendix 5 contains a list of the five most common taxa found at the 10 
sites. Although all the biological metrics listed in Table 9-2 (shown on 
page 9-15) were calculated for the Ventura River watershed sites, only 
seven (Cumulative Taxa,- % Dominant Taxon, Sensitive EPT Index, 
Cumulative EPT Taxa, Shannon Diversity, % Intolerant Taxa, and % 
Grazers) were used in the IBI and described in graphic form in this report. 
These biological metrics seemed to give the best overall sensitivity ahd 
discriminatory power to describe biological condition (Ode et al. 2002). 

Richness Measures: There were two biological metrics used to evaluate 
the biological condition of the Ventura River watershed sites that measure 
the richness of the BMI community. Cumulative Taxa values ranged from 
26 to 50 for the 10 monitoring sites and are displayed in Figure 9-3: 
Cumulative Taxonomic Richness BMis collected on September 24 - 26, 
2003, in the Ventura River Watershed, California. Cumulative EPT Taxa 
ranged from 5 to 18 for the 10 monitoring sites and are displayed in 
Figure 9-4 (shown on page 9-18) . 

. cumulative Taxon~mi~Richriess 
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FJgure 9-3: Cumulative Taxonomic Richness BMis collected on September 
21 - 26, 2003, in the Ventura River Watershed, California 
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· .. GumulativeEPT Taxa 

Figure 9-4: Cumulative EPT Taxa for BMis collected on September 24 ...., 26, 
2003, in the Ventura River Watershed, California 

Composition Measures: There were three biological metrics used to 
evaluate the biological condition of the Ventura River watershed sites that 
measure the composition of the BMI community. Mean Sensitive EPT 
Index values ranged from 0% to 22.8% for the 10 monitoring sites arid 
are displayed in Figure 9-5 (shown below). Mean Shannon Diversity 
values ranged from 1.8 to 2. 7 for the 10 monitoring sites and are 
displayed in Figure 9-6 (shown on page 19). Mean Percent Dominant 
Taxon values ranged from 20 to 44 for the 10 monitoring sites and are 
displayed in Figure 9-7 (shown on page 19). 

Figure QSS: Mean Sensitive EPT Index for BMis collected on September 24-
26, 2003, in the Ventura River Watershed, California 
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Mean Shannon Diver?ity 

Figure 9-6: Mean Shannon Diversity for BMis collected on September 24- 26, 
2003, in the Ventura River Watershed, California 
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Figure 9-7: Mean Percent Dominant Taxon for BMis collected on September 
24 - 26, 2003, in the Ventura River Watershed, California 

Tolerance Measures: There was one biological metric used to evaluate 
the biological condition of the Ventura River watershed sites that measure 
the tolerance of the BMI community. Mean Intolerant Taxa values ranged 
from 0.1 to 22 for the 10 .monitoring sites and are displayed in Figure 9-8 
(shown on page 9-20). 
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Mean Percent Intolerant Taxa 

0 4 8 .9 10 . 11 12 13 14 1.5 

Figure 9-8: Mean Percent Intolerant Taxa for BMis collected on September 
24 - 26, 2003, in the Ventura River Watershed, California 

Functional Feeding Groups: There was one biological metric used to 
evaluate the biological condition of the Ventura River watershed sites that 
measure partial feeding guild composition of the BMI community. Mean 
Percent Grazers values ranged from 1% to 26% for the 10 monitoring 
sites and are displayed in Figure 9-9 (shown below). 

Mean Percent Grazers 

Figure 9-9: Mean Percent Grazers collected on September 24- 26, 2003, in 
the Ventura River Watershed, California 

9.2.11 IBI Scores 

The IBI scores calculated for the 10 Ventura River watershed sites and 
their corresponding condition rating are listed in Table 9-4 (shown on 
page 9-21). 
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Ta-ble· 9-4: IBI scores and rating for sites sampled in the Ventura River 
hed, fall 2003 

Taxa 
Dbminant Taxon 
Sensitive EPT 
Index 

_ Cummulative 
_ EPTTaxa 

Shannon 
Diversity 
Intolerant Taxa 
Percent Grazers 
Total 

Rating 

9.2.12 Physical/Habitat Scores 

10 

3 

10 

10 

Physical/Habitat scores for the 10 sites ranged from 102 to 176 as shown 
in Table 9-5 (shown on page 9-22) 1 which relates to marginal to -optimal 
conditions. The best sites tended to be in the upper reaches of the 
watershed and the worst in the lower reaches. 
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Table 9-5: Habitat parameters for 10 selected reaches sampled September 
24 - 26, 2003, in the Ventura River Watershed, California 

1. Instream 
Cover 

2. 
Emb"eddeti'ness 

3. 
Velocity/Depth 
Regime 

4. Sediment 
Deposition 

5. Channel 
Flow 

6. Channel 
Alteration 

7. Riffle 
Frequency 

8. Bank 
stability 

9. Vegetative 
Protection 

10. Riparian 
Vegetative 
Zone Width 

Reach Total 

Condition 
Category 

Other Reach 
Descriptions 

Vegetative 
Canopy Cover 
Estimate(%) 

pH 

D.O (mg/L) 

Water 
Temperature 

(B C) 

Specific 
Conductance 

(<I>S/cm at 
25EC) 

Comments 

14 

15 

18 

8 

6 

8 

10 

11 

6 

.6 

102 

Sub-

optimal 

40 

8.0 

7.8 

19.0 

1480 

15 

10 

16 

10 

10 

11 

13 

16 

12 

14 

127 

Sub

optimal 

0 

7.7 

7.5 

18.2 

970 

15 

12 

11 

9 

7 

11 

11 

10 

11 

10 

107 

Sub

optimal 

85 

7.9 

9.4 

18.9 

1563 

16 

12 

10 

10 

10 

16 

10 

16 

18 

18 

136 

Sub

optimal 

50 

7.7 

8.0 

20.4 

1350 

I 
18 

16 

17 

17 

12 

13 

16 

16 

18 

11 

138 

Sub-

optimal 

15 

. 8.1 

8.6 

20.1 

1004 

18 17 

16 17 

17 18 

13 18 

13 . 16 

14 18 

18 17 

14 17 

16 19 

14 19 

139 176 

Sub-

optimal 
optimal 

75 ]5 

7.9 8.2 

7.6 8.7 

18.1 20.4 

963 

}f .. ·.;·. _15',' .. 

16 12 12 

16 17 15 

17 12 14 

16 16 4 

10 11 9 

15 20 13 

17 17 13 

13 13 6 

16 18 10 

12 16 10 

148 152 106 

Sub- Sub-

optimal 
optimal 

optimal 

5 5 10 

8.0 7.9 8.1 

8.7 9.1 8.5 

18.5 15.6 18.3 

893 836 1320 

9.2.13 Discussion of Bioassessment Results 

The assessment of the sites sampled from the Ventura River watershed in 
2003 indicates an overall healthy aquatic system. Four of the 10 sites 
(Site numbers 8, 9, 11 and12) were rated as very good using the San 
Diego IBI. All 10 Ventura River watershed sites had physical/habitat 
quality ratings of optimal or suboptimal. 
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The sites that had the overall lowest San Diego IBI scores were the 
Ventura River Sites 0 and 4. Site 0 is the lower most site in the 
watershed sampled in 2003. This site was low in diversity and dominated 
by a few taxa (Baetis sp., Simulium sp. and Hydropsyche sp.) of filtering 
and gathering collectors. Lower diversity is typical of lower elevation sites 
and sites in the lowermost portion of larger watersheds. Although the 
dominant taxa at this site were moderately tolerant species, the 
assemblage was not indicative of an unhealthy site. The mayfly, Baetis 
sp. is tolerant of marginal habitat and sedimentation, but would be absent 
under toxic conditions. 

There were two sites (#13 and #10) that had IBI scores of 50 and 49, 
respectively in 2003 and 51 and 49, respectively in 2002. These scores 
were remarkably similar ov.er the two years and equated to a biotic 
condition rating of "good". Site #13 was above the dam on the main stem 
of Matilija Creek just below a small community. In 2001, this site was the 
worst of the 14 sites tested that year having an IBI score of 37. In 2001, 
there was also a large bloom of filamentous algae just below the 
community in site #13 and four taxa, (Baetis and Microcy/loepus, and the 
filter feeders Hydropsyche and Simulium) represented 84% of the total 
abundance. In 2002 and again in 2003, the taxa composition changed 
and although dominated by moderately tolerant taxa, they only 
represented 57% and 54%, respectively of the total abundance: Site #10 
was scored as "very good" in 2001 with a score of 59. The 2002 and 2003 
San Diego IBI scores were approximately 10 points lower and primarily a 
result of fewer pollution intolerant species and grazer taxa being part of 
the invertebrate community that year. · 

The San Diego IBI scores for the 10 sites sampled in 2003 had minimal, 
but predominantly lower scores compared with those determined in 2001 
and 2002 as shown in Figure 9-10 (shown on page 9-24). Three sites 
(site # 8, 9, and 11) had a "very-good" rating all three years and three 
other sites (site # 10, 13 and 15) fluctuated slightly between the three 
years, but with no discernable pattern. Site #0 was lowered from a "fair" 
rating in 2002 to a "poor" rating in 2003. This might be related to lower 
habitat quality since the physical/habitat scores were lower in 2003. Site 
# 4 showed the largest decrease in the San Diego IBI scores changing 
from a "good" rating in 2001 and "very-good" in 2002 to a "fair" rating in 
2003. The physical/habitat scores for this site did not change much for 
the three years, but there was a much higher percentage (33%) of 
Simulium sp. collected in 2003 that were not dominant in the other two 
years. Simulium sp., a tolerant, filtering aquatic fly, also played a role in 
the· unusual increase in the San Diego IBI scores for site #12. This 
organism and the tolerant mayfly, Baetis sp. dominated at site #12 in 
2001 and 2002, but not in 2003. Site #14 which was not sampled in 
2002 because the channel was dry, changed from a rating of "very good" 
in 2001 to "good" in 2003. This change was probably related to the dry 
conditions experienced at the site. 

Differences in physical/habitat condition at most sites were slight enough 
to be a product of subjective error in assessing the sites. However/ there 
was a consistent decrease in physical/habitat scores in 2003 compared 
with the other two years as shown in Figure 9-11 (shown on page 9-24). 
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San Diego IBI Scores 
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Figure 9-10: San Diego IBI Scores for sites that were sampled in Fall 2001, 
2002, and 2003 in the Ventura River Watershed, California 

. . . 

. ··Physical/Habitat Quality Scores 

100 

50 

Figure 9-11: Physical/Habitat Quality Scores for sites that were sampled in 
Fall 2001,2002, and 2003 in the Ventura River Watershed, California 

9.2.14 Recommendations 

1. The observation of biological condition for the monitoring sites in the 
Ventura River watershed was based on general knowledge of the BMI 
community and the IBI that was developed for the San Diego region. 
An IBI developed from test and reference sites from Monterey Bay to 
the Mexico border was completed in 2004 and is currently in press 
(Ode et al. 2004). This new SoCaL IBI will be more appropriate for use 
with Ventura River watershed sites and may or may not produce 
changes in biotic condition ratings. We recommend converting to the 
SoCal IBI as soon as practicable and to have all past data converted. 
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2. This monitoring program is establishing baseline conditions for the 
Ventura River watershed and will allow for trend monitoring of biologic 
and physical/habitat condition. We recommend continued sampling of 
biological and physical/habitat condition in the Ventura River 
watershed so that a significant database can be generated to help in 
identifying regional biotic trends. 

3. Collecting benthic invertebrate samples in the fall is optimal for 
detecting lowest water quality conditions. Sampling in the spring is 
also an option in the Southern California region since some streams 
may stand a better chance of having flowing water. We recommend 
evaluating spring conditions to determine if spring would be a better 
index period for sampling in the Ventura River watershed. 
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9.3 Ventura River Watershed 2004 Bioassessment Monitoring Report 

9.3.1 Executive Summary 
The 2004 bioassessment survey of the Ventura River watershed was conducted by staff 
members from the Ventura County Watershed Protection District, the Ojai Valley Sanitation 
District and Aquatic f3ioassay and Consulting Laboratories on September 151

h, 16tl' and 17h, 
2004. Staff members from the California Department ofFish and Game (CDFG) and/or the 
Sustainable Land Stewardship Institute (SLSI) have been present during each of the four 
survey years to audit all sample collection activities and to provide data analysis and reporting 
services (CDFG =Jim Harrington, SLSI = Monique Born). 

Fifteen benthic macroinvertebrate (BMI) sampling locations were visited durirtg the su;ey, 
with.nine sites having sufficient flow for sample collection. Physical/habitat observations, 
flow and water quality samples were also collected at each site. The taxonomic identification 
ofBMI organisms, data analysis and report generation was conducted by Aquatic Bioassay 
and Consulting Laboratories in Ventura, CA. All ofthe QC guidelines for collection, sorting 
and identification ofBMI organisms specified in the California Stream Bioassessment 
Protocol (2003) were met. 

The physical habitat quality of the survey stations ranged from suboptimal to optimal. 
Stations located on the main stern of the Ventura River (Stations 0, 4 and 12) the upper 
portion cifSan Antonio Creek (Station 9) and on the Matilija Creek system (10, 11, and 13) 
scored at or just below the optimal range. These sites were characterized by relatively high 
substrate complexity, were composed of high percentages of cobble and boulders, had good 
bank stability, had little evidence of sedimentation due to upstream erosion and had good 
vegetative protection. The lowest physical habitat scores were measured at Station 15 on San 
Antonio Creek and Station 8 on Stewart Canyon Creek. These sites were characterized by 
having less instream cover and, especially in the case of Station 15, increased amounts of 
sedimentation and embeddedness (a measure ofthe amount of space surrounding cobble and 
gravel in the streambed). The increased sedimentation is most likely the result of erosion due 
to upstream grazing, poor bank stability, poor vegetative cover and stable operations. Water 
quality (pH, dissolved oxygen, temperature, specific conductance) was similar at all sites 
during the survey. · 

The aquatic health of the Ventura River watershed was assessed using the Southern California 
Index of Biological Integrity (So CA IBI). Based on this index, BMI communities that are 
ranked as poor can be considered to be impaired .. The IBI rankings for the nine stations 
sampled for BMis in 2004 ranged from good (1 station) to fair (6 stations) to poor (2 stations). 
The two stations that were rated as poor were located at the Main St. bridge near where the 
Ventura River discharges into the Pacific Ocean (Station 0) and Station 13 located 
downstream of a small residential community on Matilij a Creek in the upper watershed. 
Station 11 in the North Fork ofMatilija Creek received an IBI score of good, indicating that 
the BMI community found there is comparable to other reference site locations in southern 
California. Stations located on San Antonio Creek, at Foster Park on the Ventura River and 
below the Matilija Dam all scored in the fair range. 

An historical analysis was conducted which inclu.ded all the BMI data collected from 2001 
through 2004. This analysis showed that the BMI communities were delineated more by their 
location in the watershed, than by survey year. The composition of the BMI community was 
mostly similar throughout the watershed both spatially and temporally. Most of the 
community changes during the four year period included only subtle shifts in the relative 
abundances of species. These results indicated that water quality in the watershed remained 
relatively stable during this four year period. 
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9.3.2 Introduction 
9.3.2.1 Ventura River Watershed 

The 228 square mile Ventura River watershed includes rugged mountains, a coastal chaparral 
ecosystem and valleys that lead to the Pacific Ocean. Almost half of the watershed is in the 
Los Padres National Forest. The Ventura River is the main watercourse within the watershed, 
with several major tributaries that includes Matilija Creek, San Antonio Creek and Canada 
Larga Creek (Figure 9-1). Matilija Creek drains the mountainous northern most portion of the 
watershed and can be divided into the main stem of the Creek above Matilij a Dam and the 
North Fork ofMatilija Creek which discharges into the main stem below the dam. San 
Antonio Creek drains the northeastern portion of the watershed and has two main tributaries, 
Lions Canyon Creek and Stewart Canyon Creek. Caii.ada Larga Creek drains the eastern 
portion of the watershed. 

The land use patterns within the watershed vary, but for the most part is undeveloped land and 
open space (89%). There are urbanized areas (1.5%) that include the cities ofOjai and San 
Buenaventura (southeast side), and unincorporated communities including Oak View, Matilija 
Canyon, Live Oak Acres, Meiners Oaks and Casitas Springs. The approximate human 

·population of these communities is 20,000. The land use designations in the developed areas 
vary widely from rural to residential to industrial. Human impacted areas include activities 
related to grazing and livestock, agriculture, oil production and recreation. 

9.3.2.2 Bioassessment Monitoring 

Major issues facing streams and rivers in California include modification of in-stream and 
riparian structure, contaminated water and increases in impervious surfaces, which has led to 
the increased frequency of flooding. There have been many studies and reports showing the 
deleterious effects ofland-use activities to macroinvertebrate and fish communities (Jones and 
Clark 1987; Lenat and Crawford 1994; Weaver and Garman 1994; and Karr 1998). A major 
focus of freshwater scientists has been the prevention of further degradation and restoration of 
streams to their more pristine conditions (Karr et al. 2000). 

During the past 150 years direct measurements of biological communities including plants, 
invertebrates, fish, and microbial life have been used as indicators of degraded water quality. 
In addition, biological assessments (bioassessments) can be used as a watershed management 
tool for surveillance and compliance ofland-use best management practices. Combined with 
measurements of watershed characteristics, land-use practices, in-stream habitat, and water 
chemistry, bioassessment can be a cost-effective tool for long-term trend monitoring of 
watershed conditions (Davis and Simons 1995). 

Biological communities act to integrate the effects of water quality conditions in a stream by 
responding with changes in their population abundances and species composition over time. 
These populations are sensitive to multiple aspects of water and habitat quality and provide 
the public with more familiar expressions of ecological health than the results of chemical and 
toxicity tests (Gibson 1996). Furthermore, biological assessments when integrated with 
physical and chemical assessments, better define the effects of point-source discharges of 
contaminates and provide a more appropriate means for evaluating discharges of non
chemical substances (e.g. nutrients and sediment). 

Water resource monitoring using benthic macroinvertebrates (BMI) is by far the most popular 
method used throughout the world. BMis are ubiquitous, relatively stationary and their large 
species diversity provides a spectrum of responses to environmental stresses (Rosenberg and 
Resh 1993). Individual species of BMis reside in the aquatic environment for a period of 
months to several years and are sensitive, in varying degrees, to temperature, dissolved 
oxygen, sedimentation, scouring, nutrient enrichment and chemical and organic pollution 
(Resh and Jackson 1993). Finally, BMis represent a significant food source for aquatic and 
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terrestrial animals and provide a wealth of ecological and bio-geographical information 
(Erman 1996). 

In the United States the evaluation of biotic conditions from community data uses a multi
metric technique. In multi-metric techniques, a set ofbiological measurements ("metrics"), 
each representing a d!fferentlaspect of the community data, is calculated for each site. An 
overall site score is calculated as the sum of individual metric scores. Sites are then ranked 
according to their scores and classified into groups with "good", "fair" and "poor" water 
quality. This system of scoring and ranking sites is referred to as an Index of Biotic Integrity 
(IBI) and is the end point of a multi-metric analytical approach recommended by the EPA for 
development ofbiocriteria (Davis and Simon 1995). The original IBI was created for 

· assessment offish communities (Karr 1981) but was subsequently adapted for BMI 
communities (Kerans and.Karr 1994). 

The first demonstration of a California regional IBI was applied to the Russian River 
watershed in 1999 (DFG 1998). As the Russian River IBI was being developed, the 
Department ofFish and Game (DFG) began a much larger project for the San Diego Regional 
Board. After a pilot project conducted on the San Diego River .in 199 5 and 1996, the San 
Diego Regional Board contracted DFG to help them incorporate bioassessment into their 
ambient water quality monitoring program. During 1997 through 2000, data was collected 
from 93 locations distributed throughout the San Diego region. Finally, between 2000 and 
2003, bioassessment data were collected from the Mexican border to the south, Monterey 
County to the north and to the eastern extent of the coastal mountain range. These data were 
used to create an IBI that is applicable to southern California and is applied to the data in this 
report (Ode 2005). 

In fulfillment of the District's NPDES storm water perrnit requirement, the goal of this report 
was to assess the aquatic health of the Ventura River and its main tributaries based on the 
results of the physical habitat and BMI community data collected at nine sites in September 
2004. In addition, these data were compared and contrasted to the previous three years of 
data to look for any spatial or temporal water quality trends. 

9.3.3 Materials and Methods 
9.3.3.1 Sampling Site Descriptions 

Fifteen BMI sampling locations were visited in the Ventura River watershed from September 
15th to 17th, 2004 (Figure 9-1, Table 9-1). Photographs of each site are displayed in Figure 
9-2. The 15 sites can be grouped into four geographic areas: Stations 0, 4, 6 and 12 located in 
the main stem of the Ventura River; Stations 2 and 3 located in Canada Larga Creek; the 
upper watershed which includes Stations 10, 11, 13 and 14 in Matilija Creek and the North 
Fork ofMatilija Creek; and Stations 5, 7, 8, 9 and 15 located in San Antonio Creek and its 
tributaries, Lions Canyon Creek and Stewart Canyon Creek. 

Ventura River Watershed (Stations 0, 4, 6 and 12) 

The stations located on the main stem of the Ventura River range in elevation from 19 ft. at 
Station 0 near the ocean to 1020 ft. at Station 12 below the Matilija Dam. The Ventura River 
is the main drainage for the entire watershed and receives runoff from three main tributary 
systems: the Matilija Creek system above the dam; the San Antonio Creek system; and the 
Canada Larga Creek system. 

Station 0 is located upstream of the Main St. bridge just above where the Ventura River 
discharges into the Pacific Ocean. It is the first sits: in the Ventura River that is not influenced 
by salinity changes caused by tidal flushing. The river bed at Station 0 is heavily influenced 
by a large transient human population which lives there. The banks on each side of the river 
are stabilized by rock levees designed to protect the City of San Buena ventura from flooding. 
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SECTION9.0 WATER QUALITY MONITORING 

The Ojai Valley Sanitation Plant is located 2.5 miles upstream of Station 0 and discharges 2.0 
million gallons per day (MOD) of tertiary treated effluent, a process that includes nitrogen 
and phosphorus removal. 

Station 4 is located at Foster Park, 1.85 miles downstream of the confluence of the San 
Antonio Creek with the Ventura River. This reach is located downstream of a traffic bridge, 

I has small levees stabilizing both banks. The river bottom is composed of boulders and 
cobble. During the dry season filamentous algae is prevalent. 

Station 6 is located upstream of the traffic bridge at Santa Ana Road. The channel at this site 
is concrete reinforced and covered with cobble on the sides and bottom. The river has 
historically flowed underground from a point upstream of Station 6 and then reverted to 
surface flow at a point downstream of the station. This site has been dry during September 
for the last four years. The site was selected in the event that sufficient precipitation would 
fall in the subwatershed to produce flow at this site. 

Station 12 is located at the base of the Matilija Dam. The dam, which is fed by Matilija 
Creek, is filled with sediment and no longer serves as a flood control structure and is 
scheduled for future removal. The habitat at Station 12 is composed ofboulders and natural 
vegetation. 

Canada Larga Creek (Stations 2 and 3) 

Stations 2 and 3 are located on Canada Larga Creek, the first major tributary to the Ventura 
River upstream of the ocean. The Canada Larga drains a rural area composed of ranch land 
and open space. Station 3 is located near its headwaters and above areas of heavy grazing. 
Station 2 is located just upstream of the Canada Larga' s confluence with the Ventura River 
and downstream of the heavily grazed portion of the watershed. Both of these sites were dry 
during the September 2004 sampling event. Additionally, Station 2 lost its hydrological 
connection to Canada Larga Creek during the high flows of January and February, 2005, 
when the creek's channel was redirected, thus bypassing Station 2. 

Matilija Creek, Upper Watershed (Stations 10, 11, 13 and 14) 

Each of the stations in the upper watershed is located above the influence of the Matilija Dam, 
at elevations near or above 1,000 ft. The Matilija Creek system drains a small portion of the 
Los Padres National Forest and is composed of mostly rural and recreational lands. Each of 
the monitoring sites is located in relatively pristine areas and is composed of high gradient, 
bolder and cobble habitats. Stations 10 and 11 are located on the North Fork ofMatilija 
Creek, above (Station 11) and below (Station 1 0) an active rock quarry. Stations 13 and 14 
are located on the main stem ofMatilija Creek, above (Station 14) and below (Station 13) a 
small residential community that uses septic tanks as its means of sanitation. In previous 
years excessive algal growth had been present at Station 13, leading to concerns that the 
community could be contributing nutrients to the Creek.· Station 14 was dry during the 
September 2004 sampling event. 

San Antonio Creek (Stations 5, 7, 8, 9 and 15) 

Stations 5, 7, 8, 9 and 15 are located in the San Antonio Creek system and include sites on 
San Antonio Creek (Stations 5, 9 and 15), as well as its main tributaries, Lions Canyon Creek 
(Station 7) and Stewart Canyon Creek (Station 8). Station 5 is located upstream of the bike 
path on San Antonio Creek just above its confluence with the Ventura River. The streambed 
is predominantly cobble with dense bank vegetation. Station 7 is located in Lions Canyon 
Creek above its confluence with San Antonio Creek in an area with stables, heavy grazing and 
sedimentation. Station 15 is located in San Antonio Creek upstream ofLions Canyon Creek 
and is composed of boulders, cobble and sand. Station 8 is located in Stewart Canyon Creek 
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above the confluence with the San Antonio Creek and has a streambed composed of cobble, 
gravel and sand. Station 9 is located in San Antonio Creek upstream of Stewart Canyon 
Creek and is composed of cobble, gravel and sand with heavy vegetation on both banks. Both 
Stewart Canyon and San Antonio Creek at Stations 8 and 9 drain the City ofOjai's downtown 
and residential areas. Of these sites, Stations 5 and 7 were dry during the September 2004 
sampling event 
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SECTION 9.0 WATER QUALITY MONITORING 

Table 9-1: Sampling location descriptions for IS locations in the Ventura River Watershed 
(key: u/s = upstream; d/s = downstream) 

Name Description and Comments Latitude Longitude 

Ventura River- Main Mainstem Ventura River, first site above estuary 34 16 54.23 119 1~24.09 
Street Bridge with fresh water. 

Ventura River - Foster Mainstem Ventura River. 34 21 07.9 119 18 23.7 
Park Closest downstream site to confluence with San 

Antonio Creek. Station is also mass emission 
station. Bioassessment d/s from Foster Park 
Bridge. 

Ventura River -Santa Mainstem Ventura River 34 23 59.1 119 18 29.7 
Ana Rd. Dry - not sampled 

Ventura River - below Matilija Creek. First station below Matilija dam 34 29 2.4 119 18 1.7 
Matilija Dam and first existing station above urban influence. 

Canada Larga Creek Canada Larga Creek, d/s of grazing 34 20 31.7 119 17 08.2 
Dry - not sampled 

Canada Larga Creek Canada Larga Creek, above main area of grazing 34 22 23.3 119 14 8.8 
impact. 
Dry - not sampled 

San Antonio Creek - San Antonio Creek, first upstream site from 34 22 50.9 119 18 23.9 
near Ventura River confluence with Ventura River. 

Dry - not sampled 

Lion Canyon Creek - Lion Canyon Creek (tributary to San Antonio 34 25 19.3 119 15 46.8 
u/s conf. San Antonio Creek) First u/s location from confluence. Site 
Creek with heavy sediment load and influenced by 

nearby stables and grazing. 
Dry - not sampled 

San Antonio Creek San Antonio Creek above Lion Creek 34 25 19.3 119 15 46.8 
above Lion Creek 

Stewart Canyon Creek Stewart Creek (tributary to San Antonio Creek) 34 26 07.1 119 14 49.3 
- u/s conf. San Antonio First u/s location from confluence. Within close 
Creek proximity to the City of Ojai and less densely 

developed residential lots. 

San Antonio Creek San Antonio Creek. Within close proximity to the 34 26 1.8 119 14 52.7 
near Stewart Canyon City of Ojai and less densely developed 
Creek residential lots. 

North Fork Matilija North Fork Matilija Creek above influence of 34 29 06.0 119 17 59.4 
Creek- ujs Ventura Matilija Dam and below rock quarry. 
River conf. 

North Fork Matilija North Fork Matilija Creek above influence of 34 29 35.1 119 18 18.6 
Creek- at gauging Matilija Dam and above rock quarry. 
station 

Matilija Creek- below Matilija Creek. Above dam and below community. 34 30 04.5 119 20 51.7 
community Site has excessive amount of algae. 

Matilija Creek - at gate Matilija Creek. Above dam and above community. 34 30 16.9 119 22 26.3 
at end of road Dry - Not Sampled 
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SECTION 9.0 WATER QUALITY MONITORING 

9.3.3.2 Collection of Benthic Macroinvertebrates 

September was chosen for sampling the BMI communities in the Ventura watershed since fall 
represents the time when the water quality conditions are the most stressful for biotic 
communities. However, th~ Ven~ra River and its tributaries can be dry during the late 
summer and fall months as IS typical of most southern California river systems. In addition, 
a:erage rainfall. during the 20?3 - 2004 rainy season was below normal. As a result, only 
mne of the 15 sites had sufficient water for BMI sampling during September 2004. 

Sampling and laboratory procedures for this survey followed the California Stream 
Bioassessment Procedure (CSBP 2003). The CSBP is a regional adaptation of the U.S. 
Environmental Protection Agency (EPA) Rapid Bioassessment Protocols (Barbour et al. 
1999) and has been used in various parts of the world to measure biological integrity of 
aquatic systems (Davis et al. 1996). Sampling procedures were audited by Jim Harrington of 
the California Department ofFish and Game. 

Benthic macroinvertebrate (BMI) samples were collected in strict adherence to the CSBP in 
terms of both sampling methodology and QC procedures. At each station, a 100 m reach was 
measured and 3 riffles were randomly selected from all the possible riffles that were present 
within the reach. When access to the full100 m reach was not possible due to obstacles (i.e. 
heavy vegetation), riffles were chosen from the portion of the reach where access was · 
possible. Riffles were defined as areas in the reach where the velocity of flow was greatest 
due to shallow water coupled with a high relief bottom. At each site the California 
Bioassessment Worksheet (CBW) \Vas used to collect all of the necessary station information. 

Once three riffles were randomly identified, the most downstream riffle was occupied and the 
length ofthe riffle was measured. A random number table was used to randomly establish 
three points along the riffle where transects were established perpendicular to stream flow. 
Starting with the downstream riffle, the benthos within a 2 if area was sampled upstream of a 
1 ft wide, 0.5 rom mesh D-frame kick-net. Sampling of the benthos was performed manually 
by rubbing cobble and boulder substrates in front of the net, followed by "kicking" the upper 
layers of substrate to dislodge any remaining invertebrates. The duration of sampling ranged 
from 60-120 seconds, depending on the amount ofboulder and cobble-sized substrate tha~ 
required rubbing by hand; more and larger substrates required more time to process. 

Three locations along each transect that were representative of habitat diversity were sampled 
and combined into a composite sample. ·Each composite sample was transferred into a 1 
gallon wide-mouth plastic jar containing approximately 300 rnl of 95% ethanoL This 
techrlique was repeated for each of three riffles in each reach, thus, three composite samples 
were collected for each site. Chain of Custody (COC) sheets were completed for samples as 
each station was completed. 

9.3.3.3 Physical/Habitat Quality Assessment and Chemical Measurements 

Physical habitat quality was assessed for the monitoring reaches using U.S. Environmental 
Protection Agency (EPA) Rapid Bioassessment Protocols (RBPs) (Barbour et al. 1999). The 
team collected the physical/habitat measurements at each station and recorded the information 
on the CBW. These measurements are summarized as follows: 

1. Water temperature, specific conductance, and dissolved oxygen were measured using a 
hand held YSI 85 water quality meter that was pre-calibrated in the field. Similarly, a 
field-calibrated Beckman Model 225 meter was used to measure pH. 

2. Riffle length, width and depth in meters vvere recorded. Width measures were averages 
taken at each transect and depth measures were averages taken along each transect. 
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SECTION 9.0 WATER QUALITY MONITORING 

3. A hand held Marsh McBimey Flo-Mate 2000 velocity meter was used to measure current 
velocity. Three measures were collected along each transect and then averaged together. 
Flow was calculated using the cross sectional flow measurement method. 

4. A densitometer was used to measure % canopy cover. 

· 5. Substrate complexity, embeddedness, consolidation and categories (fines, gravel, cobble, 
boulder, and bedrock) were estimated using the CSBP Physical/Habitat Quality Form. 

6. Stream gradient was estimated using an inclinometer. 

7. Nutrient samples for nitrate and nitrite nitrogen, and phosphate phosphorus were 
collected and analyzed by the Ojai Valley Sanitation District laboratory. 

8. Aquatic bioassay and Consulting Laboratories analyzed all bacterial samples. Samples 
were collected in sterile 250 mL plastic containers and analyzed according to Standard 
Methods for the Examination ofWater and Wastewater, APHA, 19th Edition, methods 
9222 (total and fecal coliforms) and 9230 (enterococcus bacteria). 

9.3.3.4 Sample Analysis/Taxonomic Identification of Benthic Macroinvertebrate 
(BMis) 

Sample sorting and taxonomy were conducted by Aquatic Bioassay and Consulting 
Laboratories. Sorting was conducted in the Aquatic Bioassay laboratory in Ventura, CA and 
taxonomic identifications were conducted by Dr. Kim Kratz in Lake Oswego, OR. 
Identifications were made using standard taxonomic keys (Literature Cited, Taxonomic 
References). In most cases taxa for this study were identified to the species level. In 
adherence with Taxonomic Effort Level 1 specified in the CSBP, identifications were rolled 
up to the appropriate taxonomic levelfor the calculation of biological metrics and the 
Southern California IBI. Samples entering the lab were processed as follows: 

A maximum number of 300 organisms were sub-sampled from the composite sample using a 
divided tray, and then sorted into major taxonomic groups. All remnants were stored for 
future reference. The 300 organisms were identified to the genus level for most insects and 
order or class for non-insects. As new species to the survey area were identified, examples of 
each were added to the voucher collection. The voucher collection includes at least one 
individual of each species collected and ensures that naming conventions can be maintained 
and changed as necessary into the future. 

The taxonomic quality control (QC) procedures followed for this survey included: 

• Sorting efficiencies were checked on all samples. The leftover material 
from each sample was inspected by the laboratory supervisor. Minimum 
required sorting efficiency was 95%, i.e. no more than 5% of the total 
number of organisms sorted from the grids could be left in the remnants. 
Sorting efficiency results were documented on each station's sample 
tracking sheet. . 

• Once identification work was completed, 10% of all samples were sent to 
the Department ofFish and Game (DF&G) offices in Rancho Cordova for a 
QC check. Samples were sorted by species into individual vials that 
included an internal label. Any discrepancie~ in counts or identification 
found by the DF&G taxonomists were discussed, and then resolved. All 
data sheets were corrected and, when necessary, bioassessment metrics 
were updated. 
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9.3.3.5 Data Development and Analysis 

Multi-metric Ana(vsis 

As species were identified, they were included in an Excel data sheet that, once complete, 
automatically calculated the bioassessiiflent metrics used to assess the spatial and temporal 
BMI community changes in the watershed or necessary to calculate the southern California 
IBI (Ode 2004). The following metrics were calculated and their responses to impaired 
conditions are listed in Table 9-2: 

1. Richness measures: taxa richness, cumulative taxa, EPT taxa, cumulative EPT taxa, 
Coleopteran taxa. 

2. Composition measures: EPT index, sensitive EPT index, Shannon diversity. 

3. Tolerance/intolerance measures: mean tolerance value, intolerant organisms(%), tolerant 
organisms(%), dominant taxa(%), Chironornidae (%),non-insect taxa(%). 

4. Functional feeding groups: collectors (%), filterers (%), grazers (%),predators(%), 
shredders (%). 
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SECTION .9.0 WATER QUALITY MONITORING 

Southern Califomia IBI 

The seven biological metric values used to compute the Southern California Index of 
Biological Integrity (So CA IBI) are presented in Table 9-3 (Ode et al. 2005). The So CA IBI 
is based on the calculation of biological metrics from a group of 500 organisms from a 
com$osite sample collected at each stream reach. The sampling design for the Ventura 
Watershed for each of the last four sampling events (2001 through 2004) included a total of 
900 organisms per reach (three replicate Sf!mples, 300 organisms each). As a result, before 
the So CA IBI could be computed for each station, 500 individual organisms were randomly 
selected from the list of900 organisms at each station. These 500 organisms were used to 
compute the seven biological metrics used in the IBI computation. Ode et al. (2005) showed 
that this adjustment does not affect the outcome of the IBI. This adjustment was also applied 
to the data for the prior three years, so that historical trends could be elucidated. 

San Diego fBI 

The seven biological metric values used to compute the San Diego Index of Biological 
Integrity (SD IBI) are presented in Table 9-4 (Ode et. al. 2002). The SD IBI was developed 
solely for the San Diego region, but has been applied to the BMI data collected from the 
Ventura watershed during the past three years for lack of a more appropriate assessment tool. 

Table 9-3: Scoring ranges for the seven metrics included in the Southern California IBI and the 
cumulative IBI score ranks 

Metric Scoring Ranges for the Southern California IBI 

Metric Coleoptera EPT Predator Ofo Collector Ofo Intolerant Ofo Non-Insect 0/o Tolerant 

Score 
Taxa Taxa Taxa Individuals Individuals Taxa Taxa 

All Sites 6 8 All Sites 6 8 6 8 All Sites All Sites 
10 >5 >17 >18 >12 0·59 0·39 25·100 42·100 0·8 0·4 
9 16·17 17·18 12 60·63 40·46 23·24 37·41 9·12 5·8 
8 5 15 16 11 64·67 47·52 21·22 32·36 13·17 9·12 
7 4 13·14 14·15 10 68·71 53· 58 19·20 27·31 18·21 13·16 
6 11·12 13 9 72·75 59·64 16·18 23·26 22·25 17·19 
5 3 9·10 11·12 8 76·80 65·70 13·15 19·22 26·29 20·22 
4 2 7·8 10 7 81·84 71·76 10·12 14·18 30·34 23·25 
3 5·6 8·9 6 85·88 77·82 7·9 10·13 35·38 26·29 
2 1 4 7 5 89·92 83·88 4·6 6·9 39·42 30·33 
1 2·3 5·6 4 93·96 89·94 1·3 2·5 43·46 34·37 
0 0 0·1 0·4 0·3 97·100 95·100 0 0·1 47·100 38·100 

Cumulative IBI Scores 

Very Poor Poor Fair Good Very Good 
0-19 20-39 40-59 60-79 80-100 
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Table 9-4: Scoring ranges for the seven metrics included in the San Diego IBI and the cumulative 
IBI score ranks 

Metric Scoring Ranges for the San Diego IBI 

Score Cumulative Dominant Sensitive Cumulative Shannon Intolerant Percent 
Taxa Taxon EPT Index EPT Taxa Diversity Taxa Grazers 

0 0-16 >56 0-0.6 0-1 0-1.31 0-.5 0-0.6 
1 17-19 54-56 0.7-1.3 2 1.31-1.4 0.6-1.0 0.7-1.3 
2 20-21 51-53 1.4-2.0 3 1.41-1.49 1.1-1.6 1.4-2.0 
3 22-23 49-50 2.1-2.7 4 1.5-1.58 1.7-2.1 2 .. 1-2.7 
4 24-25 47-48 2.8-3.3 5 1.59-1.67 2.2-2.7 2.8-3.4 
5 26-27 45-46 3.4-4 6 1.68-1.76 2.8-3.2 3.5-4.1 
6 28-29 42-44 4.1-4.6 7 1.77-1.84 3.3-3.8 4.2-4.8 
7 30-31 40-41 4.7-5.3 8 1.85-1.93 3.9-4.3 4.9-5.5 
8 32.-33 37-39 5.4-6 9 1.94-2.02 4.4-4.9 5.6-6.2 
9 34-35 34-36 6.1-6.9 10 2.03-2.11 5.0-5.4 6.3-7 

10 >35 0-33 >6.9 11 >2.11 >5.4 >7 

Very Poor Poor Fair Good Very Good 
0-12 13-25 26-37 38-54 55-70 
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Historical Analysis ~ 
An historical data analysis was performed using all oftheBMI, physical habitat and water 
quality data collected during the past four sampling surveys (2001 through 2004). The goal of 
this analysis was to determine if any spatial or temporal trends in the BMI community could 
be detected and, if changes had occurred, what their cause(s) might be. 

Historical IBI Scores 

Data fi·om 2001 through 2004 were used to compute the So CA IBI. For the So CA IBI, data 
from each year were converted from 900 count species abundances to 500 using the 
randomization process described above. The historic San Diego IBI data presented in 
previous reports (SLSI 2001, 2002, 2003) were used and for 2004 were computed using the 
900 species count as specified in the protocol (Ode et. al. 2002). 

Cluster Analysis 

The spatialand temporal patterns of the BMI communities in the Ventura River watershed 
were defined using cluster analyses that were based on Bray-Curtis dissimilarities for pairs of 
stations. Species with relatively high abundances within a station group characterize the 
unique species composition of the group. Symbols on the two-way coincidence tables 
indicate relative abundance by the size of the symbol. Cluster analysis considers relative 
abundance of each tested taxa across the stations it occupies and is not weighted towards 
dominant species and therefore provides a more complete assessment of community structure. 
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SECTION9.0 WATER QUALITY MONITORING 

9.3.4 Results 
Results for the 2004 BMI are presented in the section below, followed by a historical analysis 
ofthe combined data from 2001 through 2004. 

9.3.4.1 

9.3.4.1.1 Rainfall 

Rainfall measured at the Stewart Creek gauging station during the 2003 to 2004 rain year 
(12.6 inches) was 8.5 inches below normal (21.2 inches) (Figure 9-3). Only the 2001 to 2002 
rain year had less rain (7.2 inches) during the four years that the Ventura River watershed 
BMI survey has been conducted. The greatest amount ofrain fell during eh 2000 to 2001 rain 
year (27 .I inches), followed by the 2002 to 2003 rain year (21.7 inches). Typical of southern 
California, the rain season started in the fall (October or November) and ended in either May 
or June. Peak months for rain were November through March. In 2004, the last measurable 
rain fell in April. Therefore, BMI sampling in September followed five months of dry 
weather and lead to the absence of water at six of the fifteen sampling locations. 

9.3.4.1.2 Physical Habitat Characteristics 

9.3.4.1.2.1 Velocity and Flow 

The physical characteristics of the rjffles sampled in the Ventura River watershed during 
September 2004 are presented in Table 9-5. Riffle velocities ranged from 0.4 ftlsec at 
Stations 8 (Stewart Canyon Creek) and 10 (North Fork Matilija Creek) to 1.85 ftlsec at 
Station 13 on Matilija Creek. Flow in the watershed was greatest at Station 0 (2.29 cfs). This 
flow measurement was taken in one of several channels found in this reach and is therefore an 
·underestimate of the flow that was present across the entire reach. The next greatest flow was 
measured at Station 13 (1.81 cfs), below the residential community in Matilija Creek. Lowest 
flows were measured at Station 8 in Ste·wart Canyon (0.08 cfs) and Station 9 in San Antonio 
Creek (0.05 cfs). 

9.3.4.1.2.2 Canopy Cover and Substrate 

Vegetative canopy cover ranged from 4% at Station 10 on the North Fork ofMatilija Creek to 
68% at Station 11 which is located just upstream of Station 10. Substrate complexity was 
relatively good at most sites and ranged from 13 at Station 15 (Lions Canyon Creek} to 18 at 
Station 0 (Main St. bridge). The exceptions to this were low scores (7) at both Stations 8 and 
9 located in San Antonio Creek and Stewart Canyon Creeks, respectively. Streambed 
substrates in the lower watershed (Stations 0, 4, 12, 15, 8, and 9) were, for the most part, 
composed of similar percentages of. fines, gravel, cobble, and boulders. The exceptions to this 
were Station 12 located under the Matilija Dam where boulders predominated and Station 8 in 
Stewart's Canyon where cobble predominated. Each of the highest elevation, upper 
watershed Stations (10, 11 and 14) were composed predominately ofboulders. All of the sites 
were high gradient streams ( ;;::2%), except Station 8 in Stewart Canyon where the gradient 
was 1%: 

9.3.4.1.3 Water Quality, Nutrients and Bacteria J 

The range for pH measurements was narrow among all sites and ranged from 7.4 at Station 8 
to 8.2 at Stations 15 and 12 (Table 9-5). Dissolved oxygen concentrations ranged from 5.03 
mg/L at Station 13 to 9.28 mg/L at Station 4 on the main stem of the Ventura River. 
Dissolved oxygen concentrations can vary widely at the same site throughout the day due to 
changes in water temperature and, based on the amount of available sunlight, the 
photosynthetic rate of oxygen producing algae. Water temperatures were typical of summer 
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conditions and ranged from 18.1 octo 22.5 oc. Specific conductance ranged from 575 S/cm 
at Station 9 in Stewart Canyon to 1621 S/cm at Station 0. 

Nitrate nitrogen was greatest at Stations 8 (1.1 mg/L) and 9 (2.5 mg!L), was just above the 
detection limit at Station 0 (0.2 mg/L), and was below detection at all other sites. Nitrite 
nitrogen was below detection at all sites. Phosphate phosphorus was greatest at Station 0 (0.9 
:m:g/L), above detection at Station 8 (0.2 mg/L) and below detection at all other sites. 

Total coliform bacteria concentrations were elevated throughout the watershed and were 
greatest at Station 8 (3500 MPN/1 00 mL) and lowest at Station 13 below the community on 
Matilija Creek (900 MPN/100 rnL). Fecal coliform concentrations were greatest at Stations 
15 (3000 MPN/100 mL), 8 (1100 MPN/100 mL) and 9 (2400 MPN/100 mL) all in the San 
Antonio Creek system. When the ratio between total and fecal coliform bacteria approaches 
one, the likelihood that the source of contamination is of either human or animal origin 
increases. Fecal coliform concentrations at all other sites were much lower. Enterococcus 
bacteria concentrations were also greatest at stations in San Antonio Creek (Station 8 = II 00, 
Station 9 = 500). 

9.3.4.1.4 Physical/Habitat Scores 

Assessment of the physical/habitat conditions of a stream reach is necessary for two reasons: 
one is to assess the overall quality of a stream reach and another is to assess the 
physical/habitat of the bioassessment site. In many cases organisms may not be exposed to 
chemical contaminants, yet their populations indicate that impairment has· occurred. These 
population shifts can be due to degradation of the streambed and bank habitats. Excess 
sediment, caused by bank erosion due to human activities, is the leading pollutant in streams 
and rivers of the United States (Harrington and Born 2000). Sediments fill pools and 
interstitial areas of the stream substrate where fish spawn and invertebrates live, causing their 
populations to decline or to be altered. Physical/habitat characterization of the site is also 
important to help ensure that habitats are uniform between riffles so that population 
differences can be accurately assessed. 

Out of a total possible score of 200, physical/habitat scores ranged from 108 at Station 15 at 
Lions Canyon Creek to 169 at Station 12 below the Matilija Dam (Table 9-5, Figure 9-4). Of 
the nine sites where samples were collected in 2004, six scored in the optimal range (Stations 
0, 12, 9, 10, 11 and 13) and the other three sites (Stations 4, 15, and 8) scored in the 
suboptimal range. Of note were the following findings: 

Instream cover is a measure of the amount of suitable BMI habitat in a reach and includes 
cobble, tree fall, undercut banks, etc. It was best at Station 0 (18) near the Main St. Bridge 
and worst at Station 8 (12) in Stewart Canyon. 

Embeddedness is a measure of the amount of empty space (interstitial space) surrounding the 
rocks and cobble in a streambed. The higher the embeddedness score, the more interstitial 
space there is surrounding the streambed~ cobble, and the more available habitat there is for 
BMI's. Excessive upstream erosion and sedimentation can lead to low embeddedness at a 
site. The embeddedness score ( 11) was lowest at Station 15 in Lions Canyon, which is 
downstream of stables and grazing. Additionally, Station 15 had the most sediment 
deposition (score of3) of all sites in the watershed. Sediment deposition at all other sites 
ranged from 12 (Station 8, Stewart Canyon) to 19 (Station 9, San Antonio Creek). 

Channel flows were low at most stations due to the low rainfall conditions that preceded this 
sampling event. Exceptions to this were below the Matilija Dam (Station 12) and on the 
North Fork of the Matilija (Stations 10 and 11) where stream flow was close to normal. Bank 
stability scores ranged from 12 at Station 15 to 20 at Station 4. Vegetative protection was 
hiahest at Stations 0 and 4 on the main stem of the Ventura River and Station 11 on the North "' . 
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Fork of the Matilija. The lowest score for vegetative protection was at Station 15 in L1ons 
County. 

9.3.4.1.5 BMI Community Structure 

The complete taxa list including raw abundances by site and replicate are presented in 
Appendix .t:' Table A-1. The ~anke~ abunda?ce ofthe }PP 75% _of the BMis identified i~ 
illustrated m Table 9-6. The b10logical metncs calculated for th1s survey were grouped mto 
the four categories described in Table 9-3 and presented in Figure 9-5 through Figure 9-8: 
richness measures, composition measures, tolerance/intolerance measures and functional 
feeding groups. The So CA IBI scores for each station are shown in Table 9-7 and illustrated 
in Figure 9-9. The biological metrics are presented for each replicate and then averaged by 
site in Appendix A (Tables A-2 and A-3, respectively). 

9.3 .4.1.5 .1 Species Composition 

A combined total of 8,425 BMis, represented by 102 taxa, were identified from the 27 
samples collected at the nine sampling sites during the September 2004 survey (Appendix A, 
Table A-1). Based on this figure, the projected total abundance for all sites combined would 
be 87,523 indiv~duals (Figure 9-5 and Appendix A, Table.A-1). Stations 0, 4 and 12, located 
on the main stem of the Ventura River, shared two relatively abundant species in common, 
Baetid mayflies (Baetis sp.) and chrionomids (Orthocladiinae) (Table 9-6). Baetid mayflies 
were either first or second most abundant at these sites and dominated the total abundance at 
Station 0, contributing 31% of the total population. At Station 4 the trichopteran, 
Hydrophyche sp., was most abundant while the black fly (Simulium sp.) was most abundant at 
Station 12, below the Matilija Dam. 

Stations located in the San Antonio Creek system (Stations 15, 8 and 9) shared three relatively 
abundant species in common: flies of the Euparyphus/Caloparyphus complex, which were 
dominant at Station 15, Hydropsyche sp., which was dominant at Station 9 and Orthocladiinid 
flies. The gastropod, Physa!Physella sp. was most abundant at Station 8. The trichopteran, 
Micrasema sp., was second in abundance at both Stations 8 and 9. This. species has a 
tolerance value of 1, indicating that it is very sensitive to disturbances. 

The three Stations in the upper watershed on the Matilija Creek system (Stations 10, 11 and 
13), shared four species in common: the beetle, Microcylloepus sp., which was most abundant 
at Stations 10 and 13; both Simulium sp. and Orthocladiinid flies, and Baetid mayflies (Baetis 
sp.). Station 13, on Matilija Creek below the human residential community, was almost 
exclusively comprised of these four species. The trichopteran, Micrasema sp., was most 
abundant at Station 11, located on the North Fork ofMatilija Creek. 

9.3.4.1.5.2 Biological Metrics 

The biological metrics listed in Table 9-3, above, were calculated for this survey and are 
presented by group in Figure 9-5 through Figure 9-8 and Appendix A, Table A-3. 

Richness Measures: Taxa richness is a measure ofthe total number of species found at a site. 
This relatively simple index can provide much information about the integrity of the 
community. Few taxa at a site indicate that some species are being excluded, while a large 
number of species indicate a more healthy community. Cumulative taxa is a simultaneous 
count of all of the taxa from each of the three replicate samples taken at a station. Cumulative 
EPT taxa is the simultaneous count of all of the mayflies (Ephemeroptera), caddisflies 
(Trichoptera), and stoneflies (Plecoptera) present at a location. These families are generally 
sensitive to impairment and, when present, are usually indicative of a healthy community. 
Both Coleopteran and Predator taxa are included since they are used to calculate the So CA 
IBI. 
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Figure 9-3: Monthly average rainfall (inches) at Stewart Canyon Creek for the 2001-2002 through 2003-2004 rain years 
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Figure 9-4: Physical habitat scores for reaches in the Ventura River Watershed 
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Table 9-5: Physical habitat scores and characteristics for reaches in theVentura River Watershed (CDFG 2004) 

Station 

Physical Habitat Parameter 
l. Instream Cover 

2. Embeddedness 

3, Vel~;~dty/Depth Regime 

4, Sediment Deposition 

s. Channel Flow 

6, Channel Alteration 

Molin Street 
Bridge 

18 

16 

10 

16 

u 
7. Riffle Frequency I 19 

8, Bank Stabltlty 18 

9. Vegetative Protection 18 

10. Riparian Vegetative zone 16 

Reach Total' 150 

Condition Category Optimal 

Physical Habitat Characteristics 

Average Riffle length (ft) 

Average Riffle Width (ft) 

Average Riffle Depth (in) 

Average Riffle Velocity (ft/sec) 

Flow (~;fJsec) 

Vegetative Canopy cover(%) 

Average Substrate Complexity 

Average Embeddedness 

Substrate Composition ( 0/o) 

fines (<O.tln.) 
Gravel ((0,1 ~2 In,) 

Cobble (2·10 in) 
Boulder (>10 ln.) 

Bedrock (solid) 

Substrate Consolidation 

Percent Gradient ( ~'/o) 

Chemical Characteristics 

15 

1.2 

2.19 

50 

18 

16 

10 
57 
18 
0 

High 

pH I 7.82 

o,o (mg/l) 6,95 

Water Temperature (C13 ) 20.3 

Specific Conductan<:e (S/cm at 
2SECl 1621 

Nitrate Nitrogen {mg/L) 0.2 

Nitrite Nitrogen {mg/L) No 

Phosphate-Phosphor~s (mg/1-) 0.9 

Indicator Bacteria 

Total Collforms (MPN/100 mi 3000 

fecal Collforms·(MPN/100 m 50 

Enterococcus (MPN/100 mL) 70 

NO= non·detected, <0.1 mg/L 

Ventura River 

Fosler Park 

14 

14 

10 

18 

4 

16 

18 

10 

18 

16 

148 
sub

ootimal 

11 

0,63 

0,1 

10 

14 

14 

5 

25 
40 
30 

Mod 

7.6 

9.28 

20.0 

1046 

NO 

NO 

NO 

2400 

80 

50 

Below @Santa Ana 
MatilijaDam Rd. 

12 

16 

19 

17 

18 

15 

l8 

17 

18 

l4 

17 

169 

Optimal 

14 

11 

1.6 

0,52 

33 

16 

18 

10 
10 
13 
70 

High 

8.2 

8.6 

22.5 

778 

NO 

NO 

NO 

1600 

<2 

D'Y 

I 

Canada larga 

Below 
Gra,.ing 

D'Y 

Above 
Grazing 

"'' 

San Anto11io Creek North Fork Matillja Creek 

u/s VQnt~,Jra Lion Cilnyon 
fl.ive.r u/s San 

Antonio 

""' "'' 
1:-, 

I 

uls lion 
Canyon 

l5 

13 

11 

14 

13 

13 

n 
10 

10 

108 
Sub

ootimal 

37 

0.73 

o.ss 

37 

13 

11 

23 
23 
n 
25 

Nod 

8,16 

1.a6 

20,3 

1425 

NO 

NO 

NO 

3000 

3000 

50 

Stewart ufs Stewart I ufs. Ventura 
Canyon ufs Canyon Rhrer 
San Antonio Creek Confluence 

u 

16 

12 

19 

15 

13 

10 

U3 
sub-

ootimal 

.. 
0.4 

0,08 

60 

16 

10 
80 
5 

High 

7.4 

5,83 

18.1 

1135 

1.1 

NO 

0.1 

3500 

1100 

1100 

16 

17 

10 

19 

18 

19 

18 

16 

19 

161 

Optimal 

11 

0.57 

0.05 

60 

17 

25 
l5 
35 
15 
0 

tJigh 

7.5 

6.67 

18,3 

575 

2.5 

NO 

NO 

2400 

2400 

soo 

10 

17 

17 

18 

16 

13 

13 

16 

17 

17 

10 

154 

Optimal 

25 

12 

0.4 

0.21 

17 

17 

28 
70 
0 

High 

7,9 

20.3 

950 

NO 

NO 
NO. 

3000 

50 

59 

At QiiUging 
!'tatloll 

11 

17 

16 

17 

14 

14 

15 

17 

16 

l8 

11 

155 

Optimal 

.. 
0.85 

0.65 

68 

17 

16 

5 .. 
53 

High 

7.7 

6.59 

18.2 

·1014 

NO 

NO 

NO 

3000 

17 

Malllija Creek 

Below 
community 

13 

15 

17 

15 

16 

10 

16 

18 

14 

15 

14 

150 

Optimal 

10 

12 

1.85 

1.81 

18 

15 

17 

42 
53 
0 

High 

7,6 

5,03 

18,3 

8U 

NO 

NO 

NO 

900 

8 

110 

Commuoity 

14 

"'' 

9-37 



SECTION9.0 WATER QUALITY MONITORING 

Taxa richness, both cumulative and individual EPT taxa and Predator taxa each followed a 
similar trend across sites, with the largest number of taxa found at Station 4 in the lower 
watershed, Stations 15, 8 and 9 in San Antonio Creek, and Stations 10 and 11 on the North 
Fork ofMatilija Creek (Figure 9-5). Lower numbers were found at Station 0 near the ocean, 
Station 12 below the Matilija Dam and Station 13 below the small hum~ residential 
community on the upper Matilij a Creek. The numbers of Coleopteran taxa were similar 
across sites and were greatest at Stations 11 and 15, and least at Station 8 on Stewart Creek. 

Composition Measures: The percent EPT taxa, sensitive EPT, percent non-insects and the 
Shannon Diversity index are all measures of community composition. Species diversity 
indices are similar to numbers of species; however they contain an evenness component as 
well. For example, two samples may have the same numbers of species and the same 
numbers of individuals. However, one station may have most of its numbers concentrated 
into only a few species while a second station may have its numbers evenly distributed among 
its species. The diversity index would be higher for the latter station. Percent EPT taxa are 
the proportion of the abundance at a site that is comprised of mayflies, stonef1ies and 
caddisflies. Percent Sensitive EPT taxa is similar except it includes only those EPT taxa 
whose tolerance values range from 0 to 3. These taxa are very sensitive to impairment and, 
when present, can be indicative of more natural conditions. Percent non-insect taxa are used 
in the calculation of the So CA IBI. 

The percentage ofEPT ranged from 40 to 60% at Stations 0, 4 and 12 on the main stem of the 
Ventura River and from 20 to 40% at Stations 15, 8, 10, 11 and 13 on both San Antonio Creek 
and Matilija Creek (Figure 9-6). Station 9, on San Antonio Creek, exceeded 60% EPT taxa 
and was an exception to this trend. The percentage of Sensitive EPT taxa was lowest in the 
lower watershed and highest in San Antonio Creek (Stations 8 and 9) and the North Fork of 
Matilija Creek (Station 11). Therefore, although large numbers ofEPT taxa were present at 
Stations 0, 4 and 12, most were not sensitive species. The same was true for Stations 15, 10 
and 13. Shannon Diversity was similar across all stations. Non-insect species composition 
was elevated at Stations 15 and 8 in San Antonio Creek. 

Tolerance Measures: The Southern California IBI uses both the percent intolerant and 
tolerant organisms to evaluate the overall sensitivity of organisms to pollution and habitat 
impairment. Each species is assigned a tolerance value from 0 (highly intolerant) to 10 
(highly tolerant). The percent Intolerance Value for a site is calculated by multiplying the 
tolerance value of each species with a tolerance value ranging from 0 to 2, by its abundance, 
then dividing by the total abundance for the site. The percent Tolerant Value is similar except 
that only species with tolerance values ranging from 8 to 10 are included. A site with many 
tolerant organisms present is considered to be less pristine or more impacted by human 
disturbance than one that has few tolerant species. The tolerance values for each species were 
developed in different parts of the United States and can therefore be region specific. Also, 
different organisms can be tolerant to one type of disturbance, but highly sensitive to another. 
For example, an organism that is highly sensitive to sediment deposition may be very 
insensitive to organic pollution. With these drawbacks in mind, the Tolerance measures 
generally depict disturbances in a stream that, when coupled with other metrics, can provide 
good information regarding a stream reach. 

Percent dominance reflects the proportion of the total abundance at a site represented by the 
most abundant species. For example, if 100 organisms are collected at a site and species A is 
the most abundant with 30 individuals, the percent dominance index score for the site is 30%. 
The benthic environment tends to be healthier when the dominance index is low, which 
indicates that more than just a few taxa make up the majority of the community. 

The percent Hydropsychidae ( caddisflies) and Baetidae (mayflies) present in a stream reach 
can indicate stressed habitat conditions when they are found in high abundance. They ·will not 
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be present in highly polluted streams, but can be found in moderately polluted streams, 
especially when nutrients are high or there is a large amount of sedimentation. 

WATER QUALITY MONITORING 

Mean Tolerance Values were similar across sites and ranged .from 4.1 at Station 11 to 5.5 at 
Station 15 (Figure 9-7). There were low percentages of intolerant organisms present at most 
sites, except at Stations 8 (23.2%), 9 (18.3%) and 11 (26.1 %). The highest percentages of 
tolerant organisms were found at Stations 15 (24%) and 8 (24%). Percent Dominance 
exceeded 25% at Stations 0, 12, 9, 11 and 13. Hydropsychid caddisflies were present in large 
numbers at Station 9 (34%). Baetid mayflies were present in large numbers at Station 0 
(37%) and 12 (33%). 

Functional Feeding Groups: These indices provide information regarding the balance of 
feeding strategies represented ill an aquatic assemblage. The combined feeding strategies of 
the organisms in a reach provide information regarding the form and transfer of energy in the 
habitat. When the feeding strategy of a stream system is out of balance it can be inferred that 
the habitat is stressed. For the purposes of this study, species were grouped by feeding 
strategy as percent collector-gatherers, collector-filterers, grazers, predators and shredders. 
The Southern California IBI uses the numbers of predators and percent collectors (gatherers + 
filterers) at a site to calculate the index. 

Collecting was the predominant feeding strategy used by organisms in the watershed (Figure 
9-8). Collectors exceeded 75% of the population at Stations 0, 4, 8, 10, 11 and 13. The 
percentage of fliterers ranged from 10.7% at Station 11 to 3 7.3% at Station 9. Grazers were 
highest at San Antonio and Matilija Creek Stations 8 (27.3%), 9 (18.6%) and 11 (31.8%). 
Predators ranged from 4.1% at Station 12 below the Matilija Dam to 18.6% at Station 8 at 
Stewart Canyon Creek. Shredders were absent or present in low numbers at all sites. 

9.3.4.1.5.3 IBI Scores 

Work conducted in the 1990's by tl:1e San Diego Regional Board and the California 
Department ofFish and Game, established an Index of Biotic Integrity (IBI) for the San 
Diego region and its watersheds (Ode and }!arrington 2002). The index has recently been 
expanded to include all of southern California (Ode et. al. 2005) and is used in this section. In 
previous reports (2001 to 2003), the San Diego IBI was applied to the BMI data collected for 
the Ventura watershed. A comparison of the So CA IBI and SD IBI scores for each of the 
four years of survey data is presented in the historical analysis section below. 

The IBI is a multi-metric technique that employs seven biological metrics that were each 
found to respond to a habitat and/or water quality impairment. Each ofthe seven biological 
metrics measured at a site are converted to an IBI score then summed. These cumulative 
scores can then be ranked according to very good (80-100), good (60-79), fair (40-59), poor 
(20-39) and very poor (0-19) habitat conditions. The threshold limit for this scoring index is 
39. Despite the fact that rankings can be identified as "fair", sites with scores above 39 are 
within two standard deviations of the mean reference site conditions in southern California 
and are not considered to be Unpaired. Sites with scores below 39 are considered to have 
impaired conditions. The metric scoring ranges established for the Southern California IBI 
survey are listed in Table 9-3 and were used to classify the Ventura watershed sites for the 
2004 survey. 

The IBI scores for six of the nine sites were in the fair range and included Stations 4 and 12 in 
the Ventura River, 15, 8 and 9 in the San Antonio Creek system, and Station 10 in the North 
Fork ofMatilija Creek (Table 9-7, Figure 9-9). Two stations scored at or below the 
impairment threshold of 39 in the poor range: Station 0 at the Main St. Bridge and Station 13 
on Matilija Creek below the community. Station 11, on the North Fork ofMatilija Creek, 
scored in the good range. 
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9.3.4.2 Historical Results (2001 to 2004) 

Physical habitat and IBI scores for the first four years of the Ventura watershed BMI 
monitoring program were combined and are presented graphically by site in Figure 9-10 and 
Figure 9-11. Since the San Diego IBI was applied to the BMI data in past reports (2001 to 
2003), it was computed for the 2004 survey data, and then combined with the previous three 
years so that the SD IBI scores could be compared to the So CA IBI (Figure 9-12). 

9.3.4.2.1 Physical Habitat Scores 

Most sites varied from optimal to sub-optimal between years, with the majority of the scores 
for all sites and years in the sub-optimal range (Figure 9-10). Marginal scores were only 
reported at Station 1 on the Ventura River below the waste treatment facility in 2001 and 
Station 2 on Canada Larga Creek. Station 1 improved to sub-optimal in 2002, while Station 2 
was dry during the next three years. Station 12 was the only site to score in the optimal range 
for each of the four years. Differences in physical habitat scores between years for each site 
were not large, except at Station 15 where the score dropped from the high end of the sub
optimal range in 2001 and 2002, to the low end in 2003 and 2004. This change was not the 
result of a large decrease in one or two physical habitat parameters in these latter years, but 
rather an incremental decrease across each of the 10 parameters. 

9.3.4.2.2 IBI Scores 

So CA IBI: There was an upward trend in IBI scores for Stations 0, 12, 15, 8, 9, and 13 
during the four year period (Figure 9-11). There were not large changes between years for 
any of these sites, but the scores for St\f.tions 15, 8 and 9 on the San Antonio Creek system 
increased from Poor to Fair ratings during this period. The 2001 IBI score for Station 5, 
located on San Antonio Creek above its confluence with the Ventura River, was greater than 
all other upstream sites on the San Antonio during the same year. This indicates that the 
water quality and/or habitat conditions lowering the IBI scores at the upstream sites were not 
fully influencing the downstream portions of this Creek system. 

Stations 0 and 1, located on the main stem of the Ventura River, had the lowest IBI scores 
during the four year period. Station 0 is heavily used by a large transient human population. 
Both sites are also located downstream of a waste treatment facility. Station 12, located 
below the Matilija Darn, scored in the Poor range for each of the four years. The physical 
habitat scores for this site were the highest measured in the watershed during the four year 
period, indicating that the lower IBI scores measured here were probably due to water quality 
conditions. 

Station 11, located above the rock quarry on the North Fork ofMatilija Creek, was the only 
station that scored in the Good range and did so during three of the four years. Station 10 
located downstream of Station 11, scored in the poor to fair range during the same time period 
indicating the possible effects from the quarry. Additionally, Station 10 is heavily used as a 
swimming hole by Valley residence. Stations 13 and 14 are located downstream and 
upstream, respectively, of a small human residential community located on the banks of 
Matilija Creek. Since both sites scored in the Poor range during the years when samples we~e 
taken at each, it appears that the water quality impairment found at these sites was due to 
more widespread sources than just the influence of the residential community. 

So CA IBI Compared to the SD IBI: The So CA IBI scores for each site across the four 
sampling years were uniformly lower than the scores computed using the SD IBI (Figure 
9-12). The SD IBI ranked most stations as either Good or Very Good, while the So CA IBI 
ranked most in the Poor to Fair range. Only Station 0 during 2003 ranked in the Poor range 
when using the SD IBI. The general trends between sites were similar between the So CA IBI 

9-40 

i 
j 

I 
I 
I 

.~· '· ~ .. ·'· ·~ '. 

~~ 



I 
. .., 

. 

' 

SECTION9.0 WATER QUALITY MONITORING 

and the SD IBI with lowest scores measured at Station 0 and highest scores. in San Antonio 
Creek system and Matilija Creek. 

9.3.4.2.3 Cluster Analysis 

The spatial and temporal patterns of the BMI communities in the Ventura River watershed 
were defined using cluster analyses that were based on Bray-Curtis dissimilarities for pairs of 
stations. The station and specie;;!§ dendograms summarizing the cluster analyses are presented 
in Appendix A, Figures A-1 and A-2. A two-way coincidence table that summarizes species 
abundances in each station and species cluster group is presented in Figure 9-13. Species · 
with relatively high abundances within a station group characterize the unique species 
composition of the group. Symbols on the two-way coincidence table indicate relative 
abundance by the size of the symbol. Cluster analysis considers relative abundance of each 
tested taxa across the stations it occupies and is not weighted towards dominant species and 
therefore provides a more complete assessment of community structure. Table 9-8 presents 
the ten most common species averaged for each station over time, for each cluster group. A 
detailed description of the methods used for these analyses are presented in Appendix B. 

Seven Station (1 thru 7) and five Species (A thru E) Groups were identified by cluster 
analysis (Figure 9-13), The seven Station Groups were delineated more by their location in 
the watershed, than by survey year. For the five Species Groups, there were no clearly 
defined distribution patterns across stations and years. Most of the changes were subtle shifts 
in the relative abundances of a group of species that were common throughout the watershed. 
These results indicate that water quality in the watershed remained relatively stable during 
this four year period. 

Station Group 1 was comprised of stations on the Ventura River located either at the base of 
the Matilija Dam (Station 12) or by stations in the lower watershed (Stations 0 and 4). The 
top ten species common to t.'lis group included two Baetid mayflies (Baetis sp. and Fallceon 
quilleri), four genera of true flies, two caddisflys (including Hydropsyche sp.), a beetle 
(Microcylloepus sp.) and a gastropod mollusk (Table 9-8). 

Station Group 2 was comprised of Stations 0 and 1 in 2002. The most abundant species at 
these sites included Microcylloepus sp., as well as large numbers of non-insects (Planariidae, 
Hyalella sp. and Cyprididae). Station Group 3 included Station 3 in the Upper Canada Larga 
Creek during 2001 and 2002, the only years when it was flowing. The most common species 
to this group included Malenka sp. (a pollution intolerant stonefly), Hydropsyche sp. and the 
dragonfly, A rgia sp. Station Group 4 was composed of sites on Matilija Creek (Stations 13 
and 14) and the North Fork of the Matilija Creek (Station 10). Among all taxa, 
Microcylloepus sp., Hydropsyche sp., five genera of true flies, and three mayflies were most 
abundant. 

Station Groups 5 was comprised of sites on San Antonio Creek (Stations 15 and 7) and the 
lower Ventura River (Station 4). This group was dominated by the true fly, 
Eupmyphus!Caloparyphus sp. Station Group 6 included sites from the 2001 survey in the 
San Antonio Creek and the lower Ventura River. Species composition for this group was 
dominated by Hydropsyche sp., Eupmyphus/Calopmyphus sp. and the mayfly, Tricorythodes 
sp. Station Group 7 was composed of Station 11 located on the North Fork ofMatilija Creek, 
Station 8 on Stewart Canyon Creek and Station 9 on San Antonio Creek. The composition of 
species for this group was similar to other sites except that an extremely intolerant species of 
caddisfly (Micrasema sp.) was relatively abundant through the four year period. 

9.3.5 Discussion 
The 2004 So CA IBI results indicated that the aquatic health of the Ventura watershed ranged 
from poor to good. Stations 0 and 13 each scored in the poor range, indicating that these 
habitats were impaired. Station 0 is located just upstream of where the Ventura River 
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discharges into the Pacific Ocean. During the previous two years the IBI score for this site 
has been very poor and poor (based on the So CA IBI). Conversely, the physical habitat score 
at this site has been either suboptimal or optimal as a result of the good instream cover, 
vegetative protection, bank stability, and the low amounts sedimentation. The explanation for 

f the low IBI scores could be related to several factors including the reinforced levees present 
on each bank which protect the City of Ventura from flooding, the large transient human 
population that t1se the streambed for shelter and possibly the sites location 2.5 miles 
downstream of the Ojai Valley Sanitation Plant. This site supported few sensitive BMI 
species and the greatest number ofBaetid mayflies found at any site in the watershed. Baetid 
mayflies are indicative of moderately disturbed conditions that could be the result of either 
elevated nutrient loading or sedimentation. 

Station 13 is located downstream of a small human residential community on Matilija Creek, 
which is located in the upper watershed in what appears to be good stream habitat. The 
physical habitat scores during the past four years were either at the top end of the suboptimal 
range or optimal and have varied little during that time. The So CA IBI scores for this site 
during the same four years have been in the poor range. In 2004 the low IBI score was due to 
the absence of sensitive species and elevated numbers of collector species that included 
mostly Baetid mayflies and caddisflies, (Hydropsyche sp.). During 2004, Station 14located 
upstream of Station 13 was dry. However, during 2001 and 2003 when the Creek was 
flowing at Station 14, its So CA IBI score was in the poor range. This indicates that the low 
score at Station 13 in 2004 may not have been due to some influence from the residential 
community. 

Station 12 is located below the Matilija Dam at a site that had the highest physical habitat 
scores (optimal) in the entire watershed during each of the last four years. The So CA IBI 
.scores at this site have been in the poor range during the same time period, except in 2004 
when the score improved to fair. From 2001 to 2002 the lower IBI scores were the result of 
the near absence of sensitive species, large numbers of collector species (Simulium sp. and 
Baetis sp.), and few predator species. In 2003 and 2004 the IBI rank increased to fair due to 
an increase in the numbers of predator taxa which included caddisflies, Ochrotrichia sp., 
dragonflies (Argia sp.), gastropods (Spe1·chon sp.), and flatworms (Planariidae). 

Station 11 is located on the North Fork of the Matilija at an elevation of just over 1,300 ft and 
was the only site to score in the good range for the So CA IBI during 2001,2002 and 2004. 
In 2003 the score dropped into the fair range. High IBI scores at Station 11 indicate that it is 
comparable in species composition to reference site locations throughout southern California. 
The physical habitat score at this site was in the optimal (2001, 2002 and 2004) to suboptimal 
(2003) range. 

Station 10 is located below Station 11 and an active rock quarry. During .the past four years 
the IBI scores for this site have been lower than at Station 11 in the poor to fair range. Two 
factors that could be influencing the aquatic health at Station 10 are the upstream rock quarry ·.·· 
or its use as a swimming hole by local residents. In past years the BMI population at this site 
has been dominated by black flies (Simulium sp.). 

IBI scores for each of the three San Antonio Creek system stations (15, 8 and 9) steadily 
increased from fair to poor since 2001. One would expect these sites to receive low IBI . 
scores since the upper San Antonio drains downtown Ojai and the east end of the Ojai Valley, 
which is agricultural. Also, the physical habitat scores for these sites were mostly suboptimal 
during the four years. The reason for the improved BMI communities at these sites is unclear. 

!he SD IBI scores consistently ranked the aquatic health of the Ventura watershed sites as 
very good or good at nearly all sites during the 2001 to 2004 survey period. In contrast, the 
computed So CA IBI scores for the same data sets ranked them as poor to fair, with only one 
site receiving a rank of good. These results show that the use of IBI scores outside of the 
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region where they were developed can be misleading. Since the development of the So CA 
IBI included reference sites from throughout the entire southern California area (coastal 
Monterey to the Mexican boarder), it is a more comparative index for use in the Ventura 
watershed. 

Based on the results of the 2004 bioassessment survey, the sites chosen for BMI analysis in 
the Ventura watershed can be characterized as providing optimal to suboptimal habitat 
conditions. The best habitat conditions occurred at sites in the upper watershed and also on 
the main stem of the Ventura River, where there is high instream cover and complexity, low 
sedimentation, high bank stability and good vegetative protection. Less optimal habitat 
conditions exist in San Antonio Creek above its confluence with Lion's Canyon Creek and 
Stewart Canyon Creek where there was increased evidence of sedimentation. 

The data collection technique for physical habitat assessment relies on the subjective opinion 
of the field crew regarding the habitat conditions found at each site. As a result, the scores for 
a given site can vary between years as a result of sampling bias. Therefore, minor changes 
between years at a site do not necessarily imply that a habitat change has occurred. The 
sampling team strove to eliminate bias by ensuring that staff members were well trained, 
collaborated on the scoring of each site, and by ensuring that experienced field people were 
always involved in the collection of these data. 

An example of the subjectivity of this sampling technique is provided by the decrease in 
physical habitat scores at Station 15 in San Antonio Creek between 2002 and 2003. This site 
is located on private land and is visited by appointment. In the first two years of the program 
the entire sampling team (four people) participated in the collection of the physical habitat 
data. Due to the land owner's sensitivity to ·access, in 2002 and 2003 it was decided that is 
was more appropriate for only two team members to participate in sampling at this site. Since 
the habitat at this site did not change dramatically during this time period, it is probable that 
the decreased physical habitat score was the result of a personnel change. 

Results of the historical cluster analysis, which included all the BMI data collected from 2001 
through 2004, delineated seven Station and five Species Groups. The station groups were 
delineated more by their location in the watershed, than by survey year. For the five Species 
Groups, there were few distribution patterns across stations and years. Most of the changes 
were subtle shifts in the relative abundances of groups of species that were common 
throughout the watershed. These results indicated that water quality in the watershed 
remained relatively stable during this four year period. 

9.3.6 Recommendations 
1. It is recommended that the new Southern California Index of Biological Integrity (So CA 

IBI) developed by the California Department ofFish and Gai:ne be used to assess the 
aquatic health conditions of the Ventura River watershed, since it appears to be more 
sensitive to benthic macroinvertebrate (BMI) community disturbances than the San Diego 
Index of Biological Integrity (SD IBI). 

2. It is recommended that the BMI sampling and taxonomic procedures for this program be 
modified to follow the new methods developed by the California Department ofFish and 
Game. This new protocol specifies that the BMI samples collected at a reach be taken 
along three transects then composited into a single sample, from which 500 organisms are 

identified for analysis. 

3. It is recommended that the Ventura Watershed Protection District continue to work with 
the Southern California Coastal Water Research Project (SCCWRP) to assist in the 
development of improved BMI sampling design, sampling protocols, taxonomic 
identification and analysis techniques. 
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Table 9-6: Ranked % abundance for species comprising the top 75% of organisms at each site in the Ventura Watershed 2004 
Hierarchical taxa codes (Grp): E = Emphemeroptera, T = Trichoptera, D = Diptera, NI =non-insects, C =Coleoptera, 0 = Odonata 

Station 0 Station 4 Station 12 
Ventura River Ventura River Ventura River 

Main Street Bridge !ill! Tal FFG % Foster Park !ill! Tal FFG ~ below Matilija Dam !ill! Tal FFG 

Baetis sp. E 5 cg 31 Hydropsyche sp. T 4 cf 13 Simulium sp. D 6 cf 
Hydropsyche sp. T 4 cf 14 Baetis sp. E 5 cg 10 Baetls sp. E 5 cg 
Chironominae D 6 cg 13 Trlcorythodes sp. E 5 cg 10 Fallceon quilleri E 4 cg 
Sln1ullum sp. D 6 cf 10 Chironominae D 6 cg 10 Mlcrocylloepus sp. c 4 cg 
Orthocladiinae D 5 cg 2 Ochrotrichia sp. T 4 cg 8 Orthocladiinae D 5 cg 

Tlnodes sp, T 2 cg 6 
Euparyphus/Caloparyphus D 8 cg 6 
Oligochaeta NI 5 cg 5 
Orthocladiinae D 5 cg 5 
Fallceon quilleri E 4 cg l 

%of Total 77 %oF Total 75 %of Total 

Station 15 Station 8 Station 9 
San Antonio Creek Stewart Canyon Creek San Antonio Creek 
above Lion Canyon !ill! I2l FFG % u/s conf. San Antonio Creek !kl! Tal FFG % near Stewart Canyon Creek !kl! Tal FFG 

Eu paryphus/Caloparyphus D 8 cg 10 Physa/Physella sp. NI 8 sc 14 Hydropsyche sp. T 4 cf 
Hydropsyche sp. T 4 cf 9 Micrasema sp. T 1 sc 12 Micrasema sp. T 1 sc 
Fallceon quilleri E 4 cg B Hydropsyche sp. T 4 cf 12 Orthocladlinae D 5 cg 
Mlcrocylloepus sp. c 4 cg 8 Tlnodes sp. T 2 cg 10 Tricorythodes sp. E 5 cg 
Cyprididae · NI 8 cg 6 Argla sp. 0 7 p 8 Euparyphus/Caloparyphus D 8 cg 
Orthocladiinae D 5 cg 5 Simulium sp. D 6 cf 7 Tlnodes sp. T 2 cg 
Simulium sp. D 6 cf 5 Orthocladiinae D 5 cg 6 Argia sp. 0 7 p 
Oilgochaeta NI 5 cg 5 Sperchon sp. NI 8 p 5 
Hyalella sp, NI 8 cg 5 Euparyphus/Caloparyphus D 8 cg l 
Argla sp. 0 7 p 5 
Baetis sp. E 5 cg 4 
Oxyethira sp. T 3 cg 1 

%of Total 73 %of Total 78 %of Total 

Station 10 Station 11 Station 13 
North Fork Matilija Creek North Fork Matilija Creek Matilija Creek 
u/s conf. Ventura River !kl! Tal FFG 0/o at gauging station Grp To I FFG % below community !kl! Tal FFG 

Mlcrocylioepus sp. c 4 cg 17 Mlcrasema sp. T 1 sc 22 Mlcrocylloepus sp. c 4 cg 
Hydropsyche sp. T 4 cf 13 Orthocladllnae D 5 cg 21 Simulium sp. D 6 cf 
Dasyhelea sp. D 6 cg 9 Microcylloepus sp. c 4 cg 9 Orthocladiinae D 5 cg 
Simulium sp. D 6 cf 8 Hydropsyche sp. T 4 cf 7 Baetls sp. E 5 cg 
Chironorninae D 6 cg 7 Chironomlnae D 6 cg 5 Fallceon quilleri E 4 cg 
Orthocladiinae D 5 cg 7 Simulium sp. D 6 cf 4 
Baetis sp. E 5 cg 5 Baetis sp, E 5 cg 4 
Ochrotrichia sp. T 4 cg 5 Euparyphus/Caloparyphus D 8 cg 4 

"""' Tlnodes sp. T 2 cg 1 Maruina \anceolata D 2 sc l 

%of Total 76 %of Total 77 %of Total 
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Table 9-7: Southern California IBI scores and ratings for sites sampled in the 

Rh·er/Stream System \'entpra River Canada Larga San Antonio Creek 

1\Jaln Streel Below 1\l~Uiija @Santa Ana Below 
u/sYI!ntun\ 
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u/s Ventura Rh·er 
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Figure 9-9: Southern California IBI scores for sites in the Ventura Watershed, 2004 
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Figure 9-10: Physical habitat scores for sites in the Ventura Watershed, 2001 to 2004 
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Figure 9-11: So CA IBI scores for sites in the Ventura Watershed, 2001 to 2004 
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Figure 9-12: SD IBI scores for sites in the Ventura Watershed, 2001 to 2004 
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Table 9-8: Top 10 species averaged across each station by species cluster group (2001-2004) 
Grp = taxa groups: E = Ephemeroptera; D =Dipterans; T = Trichopterans; C = Coleopterans; M =Mollusks; NI = non-insects; P = Plecopterans; 
0 = Odonata. Tol =tolerance groups. FFG =functional feeding groups: cg =collector gatherers; cf =collector filterers; p =predators; sc =scrapers. 

Cluster Grp 1 Cluster Grp 2 Cluster Grp 3 
Ventura River/Matilija Dam Lower Watershed 2002 Canada Larga Creek 

§m IQ! FFG AY9. Qm To I FFG AY9. Qm To! FFG AY9. 

Baetis sp E 5 cg 280 Microcylloepus sp c 4 cg 174 Malenka sp p 2 sh 246 
Simulium sp D 6 cf 153 Planariidae NI 4 p 137 Hydropsyche sp T 4 cf 217 
Hydropsyche sp T 4 cf 89 Hyalella sp Nl 8 cg 114 Argia sp 0 7 p 107 
Microcylloepus sp c 4 cg 59 Cyprididae NI 8 cg 103 Physa/Physella sp M 8 sc 76 
Orthocladiinae D 5 cg 51 Fallceon quilleri E 4 cg 94 Baetis sp E 5 cg 41 
Fallceon quilleri E 4 cg 49 Baetis sp E 5 cg 75 Orthocladiinae D 5 cg 40 
Ochrotrichia sp T 4 cg 40 Orthocladiinae D 5 cg 58 Tanypodinae D 7 p 37 
Fossaria sp M 8 sc 25 Physa/Physella sp M 8 sc 26 Cyprididae NI 8 cg 31 
Tanytarsini D 6 cg 23 Tanypodinae D 7 p 15 Oligochaeta Nl 5 cg 24 
Euparyphus/Caloparyphus sp D 8 cg 19 Simulium sp D 6 cf 12 Tanytarsini D 6 cg 19 

Cluster Grp 4 Cluster Grp 5 Cluster Grp 6 
Matilija Creek San Antonio Creek San Antonio Creek/Ventura River 

§m To I FFG AY9. §m. To I FFG AY9. §m. To I FFG AY9. 

Microcylloepus sp c 4 cg 169 Euparyphus/Caloparyphus sp D 8 cg 105 Hydropsyche sp T 4 cf 195 
Hydropsyche sp T 4 cf 96 Fallceon quilleri E 4 cg 82 Euparyphus!Caloparyphus sp D 8 cg 150 
Orthocladilnae D 5 cg 81 Microcylloepus sp c 4 cg 75 Tricorythodes sp E 5 cg 106 
Baetis sp E 5 cg 75 Hydropsyche sp T 4 cf 67 Fallceon quilleri E 4 cg 85 
Simulium sp D 6 cf 62 Orthocladilnae D 5 cg 52 Orthocladiinae D 5 cg 45 
Dasyhelea sp D 6 cg 59 Chironomini D 6 cg 46 Chlronomini D 6 cg 45 
Fallceon quilleri E 4 cg 56 Simulium sp D 6 cf 42 Baetis sp E 5 cg 44 
Euparyphus!Caloparyphus sp D 8 cg 54 Planariidae NI 4 p 39 Tanypodinae D 7 p 23 
Tricorythodes sp E 5 cg 32 Tricorythodes sp E 5 cg 35 Cheumatopsyche sp T 5 cf 19 
Tanytarsini D 6 cg 29 Tinodes sp T 2 cg 29 Microcylloepus sp c 4 cg 18 

Cluster Grp 7 
North Fork Matilija Creek/Upper San Antonio Creek 

Grp To I FFG AY9. 

Hydropsyche sp T 4 cf 140 
Orthocladiinae D 5 cg 96 
Micrasema sp T 1 sc 84 
Physa/Physella sp M 8 sc 52 
Euparyphus/Caloparyphus sp D 8 cg 46 
Simulium sp . D 6 cf 44 
Tinodes sp T 2 CQ' 42 
Microcylloepus sp c 4 cg 34 
Argia sp 0 7 p 33 
Ochrotrichia sp T 4 cg 30 
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2. Ventura River Watershed 2005 Bioassessment 
Monitoring 

BMI Survey 

The Ventura County Stormwater Monitoring Program also includesfthe Bioassessment Monitoring 
Program. Biological assessments (b:loassessments) of water resources integrate th~ effects of water 
quality over time and are capable of simultaneously evaluating multiple aspects of water and habitat 
quality. When integrated with physical and chemical assessments, bioassessmen:ts helpm :further define . 
the effects of point and non-point source discharges ofpollutants and P~J?Vide ,a mor;e appropriate means 
for evaluating impacts of non-chemical substances, such as sedimentation and habitat alteration. A work 
plan for in-streamhoassessmentmonitoring in :the Ventura River Watershed was devel<?.fled and 
s-qbmitted in January 200fto theRegiqnal.WaterQualitjControl Board (RWQCB) as part of the revised 
Stormwater Managemerid>lan .. For five years, starting in 2001, bioassessment monito:O:ng has been 
conducted. once a year in the fallto compile a baseline data set. 

Fifteen benthic macroinvertebrate (BMI) sampling locations were visited, during the 2005 bioassessment 
survey. The survey was conducted by staffmembers·from the Ventura County Watershed Protection 
District, the Ojai Valley Sanitation District, and Aquatic Bioassay andCqnsulting L~boratories. Samples 
were collected on September 13th, 14th, and 15th of 2005 for BMI orgaillsms, physical.and habitat 
observations, flow, and water quality at each location. All of the quality control gllidelii:J.es for collection, 
sorting, and identification of BMI organisms specified in the California Bioassessment Protocol (2003) 
were met. Staff members from the California Department ofFish and Game (CDFG) ~d lor the 
Sustainable Land Stewardship Institute (SLSI) audited sample collection activities duri:rig each ofthe 
four survey years and provided data analysis .and reporting services. · 

The September 2005 BMI su...rvey •Nas preceded by ;.vinter storms in December, c~anua.L-f .and February 
that dropped a combined total of 44.5 inches ofrain (23.3 inches above normal) and represented the 
greatest amount 6frain measured during the last five years since BMI sampling began. These $torms 
produced widespread flooding, erosion, and sedimentation throughout the watershed. As a result of the 
unusually large amount ofrain, 14 ofthe 15 BMI sampling locations had sufficient flow for sample 
collection (as compared to nine sites during the 2004 BMI survey possessing sufficient flow to allow 
sample collection). The 15 locations are described in Table 1. Station 6 was not sampled in 2005 due to 
lack of flow. 

Table 1: BMI Monitoring Stations and Locations 
\}:l/~.'·; station ·-,G~:;; .. i'i'~::);;~>i: "'''"1•"'~:;.-;.;;t,f-lifv, '."·' i·';;:;,:u. : ;,:c;'t':.c-:<. :i(::{ ')'\ ,_,,' ;{,\) ~~:~\'; 

0 Ventura River . 1St abOVe estuary :. ' . 

4 Ventura River Main stem, closest to San Antonio Greek 
6 Ventura River Main stem ,. 

12 ·' Ventura River 1st above urban influence · 
2 Canada Larga Creek Downstream ofgrazing : : -~ 

f•. 

3 CanadaLarga Creek Above grazing impact . - .. 
;. 

5 San Antonio Creek· 1s.t above VenturaRiverconfltience 
7 Lion Canyon Creek 15 above San Antbn'io Creek confLuence 
15 San _Antonio Creek· Above Lion Canyorr·Creek ·,.,.."·:: 

8 Stewart Canyon Creek 1st above San -Antonio Creekconfluerice 
9 San Antonio Creek .. ·:' Close to City ofOjai 
10 North Fork Matilija Creek Above influence of Matilija Dam, below quar-ry 
11 North Fork Matilija Creek Above influence of Matilija Dam, above quarry 
13 Matilija Creek Above dam, below community 
14 Matilija Creek Above dam, above community . 
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2005 Results 
r 

Physical habitat conditions at the 14 sampling sites ranged from marginal to optimal, as shown in Figure 
1. The best (highest) habitat scores were at locations on the upper main stem of the Ventura IQver, upper 
San Antonio Creek and Matilija Creek. The worst (lowest) scores were at locations on the lower Ventura 
IQver and Canada Larga Creek. Habtfat conditions were scored out of a total possible score of 200. 

Physical Habitat Scores 

J 

0 4 12 6 2 3 5 7 15 8 9 10 11 
Stations 

Figure 1: Physical Habitat Scores for Reaches in the Ventura River Watershed, 2005 

Based on the Southern California Index ofBiological Integrity (So CA IBI), the aquatic health of the 
Ventura Watershed during 2005 ranged from poor to fair, as shown in Figure 2 (histogram bars are 
divided by the proportion that each biological metric contributed to the total score). One site each on the 
Ventura IQver and San Antonio Creek ranked in the poor range and the other twelve sites in the 
watershed ranked in the fair range. The sites that ranked in the poor range were located in areas of the 
watershed that were impacted by either a large transient human population on the Ventura IQver or was 
located downstream of an erosion control project in the vicinity of grazing ·and stables. 
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Figure 2: Southern California IBI Scores for sites in the Ventura River Watershed, 2005 
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The highly invas~ve New Zealand Mud ·Snail (Potamopyrgus antipodarnm) that has infested a number of 
California waterl:iodies in recent years .was not found in the Ventura River Watershed dUring the 2005 
BMI survey. VCWPD staff takes great precaution to avoid the introduction of the snail into the 
waterbodies monitored by the Stormwater Monitoring Program. 

Figure 3: Benthic iviacroinvertebrate Sam piing at the,North Fork ~fr~iatliija Cree·k 
(BM I Station 1 0) . 

Historical Results (2001-2005) 

The best habitat conditions during the five year period from 2001 to 2005 were measured at Station 12 
below the Matilija Dam and the worst occurred on Canada Larga Creek above its confluence with the 
main stem of the Ventura River. Physical habitat .scores increased as elevation in the watershed 
increased, becoming progressively greater on the Ventura River main stem from Station 0 near the ocean 
to Station 12 below Matilija Dam, and from Canada Larga Creek (Stations 2 and 3) to the North Fork of 
Matilija Creek (Stations 10 to 14). The greatest variation in physical/habitat scores during the five year 
period were found at Stations 0 and 2. Station 0 is located just above the confluence of the Ventura River 
with the ocean and Station 2 is located just above the confluence of Canada Larga Creek with the 
Ventura River in the lower watershed .. The habitats at each .of these sites are strongly influenced by the 
severity of the storin sea~ on preceding sampling. During large storms the stream beds _are scour~d of .. 
vegetation and upstream ·sediments are deposited, which decreases the amount of instrea!Il-cover present 
for BMis. During relatively mild storm seasons, the vegetative and instream. cover at these sites remain 
unchanged. In contrast, the upper watershed (Stations 10, 11, 12 and 13) is characterized as much n1ote 
stable, owing to a streambed composed mostly of boulder, cobble and gravel, with banks mostly covered 
with dense stands of vegetation. . - · 

During the five yearperiod from 2001 to 2005, the average IBI scores for all sites, except Stations 0 and 
1, were in the fair to very good range. The average scores for Stations 0 and 1, each located above the 
Main Street Bridge, were below the impairment threshold of 39. IBI scores increased with elevation on 
the Ventura River, Canada Larga Creek (Stations 2 and 3), and San Antonio Creek (Stations 5, 7, 15, 8 
and 9). The greatest average IBI score during the five year period was at Station 11 on the North Fork of 
Matilija Creek. Based on the findings of the 2005 BMI monitoring, it is recommended that the Ventura 
County Watershed Protection District continue to work with the Southern California Coastal Water 
Research Project (SCCWRP) to assist in the development of improved BMI sampling design, sampling 
protocols, taxonomic identification, and analysis techniques. 
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The complete Ventura County Stormwater Monitoring Program Ventura River Watershed 2005 
Bioassessinent Monitoring Report prepared by Aquatic Bioassay & Consulting Laboratories is presented 
in Appendix 0. 
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