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A P PEN 0 I X A
Bay Protection and Toxic Cleanup Program
Water Code Sections
Chapter 5.6 of the Water Code
Sections 13390 et seq.

CIlAYfER 5.5. Compliance with the lProvisions or the Federal Water NlIutiollU COIIUtJroD Act ms
by the defendant personally, cannot be attributed to the
defendant.

'';

(e) Any person who knowingly makes any false statement,
representation, or certification in any record, report, plan, or
other document filed with a regional board or the state board,
or who knowingly falsifies, tampers with, or renders
inaccurate any monitoring device or method required under
this division shall be punished by a fme of not more than
twenty-five thousand dollars ($ 25,000), or by imprisonment
for not more than two years, or by both. If a conviction of a
person is for a violation committed after a first conviction of
the person under this subdivision, punishment shall be by a
fine of not mOre than twenty-five thousand dollars ($ 25,000)
per day of violation, or by imprisonment of not more than
four years, or by both.
(f) For purposes of this section, a single operational upset
which leads to simultaneous violations of more than one
pollutant parameter shall be treated as a single violation.

(g) For purposes of this section, "organization," "serious
bodily injury," "person," and " hazardous substance" shall
have the same meaning as in Section 309(c)
of the Federal
Water Pollution Control Act, as amended.

(h) Funds collected pursuant to this section shall be paid to
the State Water Pollution Cleanup and Abatement Account.
HISTORY: Added S,ats 1987 cit 1189 § 14.
[Former Section: Former § 13387. similar 10 /he presenl section.
Added Slats 1972 ch 1256 § I, effective December 19. 1972;
Amended S,ats 1978 ch 746 § 11; Slats 1984 cit 1541 § 8;
Repealed Slats 1987 cit 1189 § 13.J

§ 13388.

Board member eligibility

Notwithstanding any other provision of this division or Section
175, no person shall be a member of the state board or a
regional board if he receives or has received during the
previous two years a significant portion of his income directly
or indirectly from any person subject to waste discharge
requirements or applicants for waste discharge requirements
pursuant to this chapter. This section shall become operative
on March 1, 1973.
HISTORY: Added Slats 1972 ch 1256 § 1. effective December 12. 1972.

..

§ 13389. Exemption of bo~;ds from certain provisions of
the California Environmental Quality Act
Neither the state board nor the regional boards shall be
required to comply with the provisions of Chapter 3
(commencing with Section 21100) of Division 13 of the Public
Resources Code prior to the adoption of any waste discharge

Amm~

Bill

llm

requirement, except requirements for new sources as defined
in the Federal Watsr Pollution Control Act or acts amendatory
thereof or supplementary thereto.
HIsTORY: Added SIDu 1972 ell 1256 § 1. effecdwD«em~r 12. 1972.

CHAPTER 5.'. 18&y Protection and Toxic Cleanup
§ 13390.

Intent

It is the intent of the Legislature that the state board and the
regional boards establish programs that provide maximum
protection for existing and future beneficial uses of bay and
estuarine waters, and that these programs include a plan for
remedial action at toxic hot spots. It is also the intent of the
Legislature that these programs further compliance with
federal law pertaining to the identification of waters where the
protection and propagation of shellfish, fish, and wildlife are
threatened by toxic pollutants and contribute to the
development of effective strategies to control these pollutants.
It is also the intent of the Legislature that these programs be
structured and maintained in a manner which allows the state
board and the regional boards to make maximum use of any
federal funds which may be available for any of the purposes
specified in this chapter.
HISTORY: Added Sl.alS 1989. ch 269. § 50, effecriw August 3. 1989.

§ 13391.
Formulation, adoption and implementation of
California Enclosed Bays and Estuaries Plan
(a) The state board sbaU formulate and adopt a water quality
control plan for enclosed bays nd estuaries, which sbaIl be
known as the California Enclosed Bays and Estuaries Plan, in
accordance with the procedures established by this division for
adopting water quality control plans.
(b) As part of its formulation and adoption of the California
Enclosed Bays and Estuaries Plan, the state board shall review
and update the Water Quality Control Policy for Enclosed
Bays and Estuaries of California, as adopted in 1974 pursuant
to Article 3 (commencing with Section 13140) of Chapter 3;
and incorporate the results of that review and update in the
California Enclosed Bays and Estuaries Plan.

(c) State and regional offices, departments, boards and
agencies shall fully implement the California Enclosed Bays
and Estuaries Plan. Pending adoption of the California
Enclosed Bays and Estuaries Plan by the state board, state and
regional offices, departments, boards and agencies shall fully
implement the Water Quality Contro(Policy- for Enclosed
Bays and Estuaries of California.
-(d) Each regional board shall review and, if necessary, revise
Porur-Cologne WlIUT QrudUy Control Act tutti IUl4Ied Coda - 1992· PAGE 43
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waste discharge requirements that are inconsistent with those
policies and principles.
HISTORY: Added Stats 1989 ch 269 ~ 50. effective August J. 1989; Amended
Stats 1989 cJr 10J2, § 30. effective Septembe,. 29. J989.

§ 13391.5. Definitions
The definitions in this section govern the construction of this
chapter.
(a) "Enclosed bays" means indentations along the coast which
enclose an, area of oceanic water within distinct headlands or
harbor works. "Enclosed bays" include all bays where the
narrowest distance between the headlands or outermost harbor
works is less than 7S percent of the greatest dimension of the
enclosed portion of the bay. "Enclosed bays" include, but are
not limited to, Humboldt Bay, Bodega Harbor, Tomales Bay, .
Drake's Estero, San Francisco Bay, Morro Bay, Los AngelesLong Beach Harbor, Upper and Lower Newport Bay, Mission
Bay, and San Diego Bay. For the purposes of identifying,
characterizing, and ranking toxic hot spots pursuant to this
chapter, Monterey Bay and Santa Monica Bay shall also be
considered to be enclosed bays.

(b) "Estuaries" means waters, including coastal lagoons,
located at the mouths of streams which serve as mixing zones
for fresh and' ocean waters. Coastal lagoons and mouths of
streams which are temporarily separated from the ocean by
sandbars shall be considered as estuaries. Estuarine waters
shall be considered to extend from a bay or 'the open ocean to
a point upstream where there is no significant mixing of fresh
water and sea water. Estuarine waters include, but are not
limited to, the Sacramento-San Joaquin Delta, as defmed in
Section 12220, Suisun 'Bay, Carquinez Strait downstream to
the Carquinez Bridge, and appropriate areas of the Smith,
Mad, Eel, Noyo, Russian, Klamath, San Diego, and Otay
Rivers.
(c) "Health risk assessment" means an ,analysis which
evaluates and quantifies the potential human exposure to a
pollutant that bioaccumulates or may bioaccumulate in edible
fish, shellfish, or wildlife. "Health risk assessment" includes
an analysis of both individual and population wide health risks '
associated with anticipated levels of human ·exposure,
including potential synergistic effects of toxic pollutants and
impacts on sensitive populations.
(d) "Sediment <.quality objective" means that level of 08
constituent in· seaiment which is established with an adequate
margin of safe.ty, for the, reasonable protection of the
beneficial uses
water or the prevention of nuisances.

of

, (e) "Toxic; hot ·spots" means locations in enclosed bays,
Pone~Cologne Waur
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estuaries, or any adjacent waters in the "contiguous Zl:lne~ or
the "ocean," as defined in Section S02 of the Clean Water Act
(33 U.S.C. Sec. 1362), the pollution or con~ion of
which affects the interests of the state, and wh~ hazardous'
substances have accumulated in the water or sediment to levela
which (1) may poSe a substantial present or potential hazard
to aquatic life, wildlife, fisheries, or human health, or (2) may.
adversely affect the beneficial uses of the bay, estuary, or'
ocean waters as defined in water quality control plans, or (3)
exceeds adopted water quality or sediment quality objectives.

(f) "Hazardous substances" has the!illlDC meaning !IS defined
in subdivision (f) of Section 25281 of the Health and Safety
Code.
HlSTORY: Added Stau 1989 cit 269 t 50, ~eetive Aug. 3, 1989: Amended
Stau 1989 cit 1032. ~ JO. ~Jfecdv~ Sept. 29.1989: SIaU 1991 cit 1091 ~ 162.

§ 13392.

Toxic hot spots program

i,

.'
"

The state board and the regional boards, in cpD$Ultation with
the Office of Environmental Health Hazard Assessment and
the Department of Fish and Game, shall develop and maintain
a compre-hensive program to (1) identify and characterize
toxic hot spots, as defined in Section 13391.5, (2) plan for the
cleanup or other appropriate remedial or mitigating actions at
the sites, and (3) amend water quality control plans and
policies to incorporate strategies to prevent the creation lof
new toxic hot spots and .the further pollution of existing hot
spots. As part of this program. the state board and regional
boards shall, to the extent feasible, identify specific discharges
or waste management practices ·Which contn'b\1te .to the
creation of ,toxic hot spots, !Uld shallde:velop appropriate
prevention strategies, including, but ,notliqIited ,to, adoption
of more stringent waste .discharge requirem~ts, ,onshore
remedial actions, adoption .of regulations ·to control S()urce
pollutants, and.develop~t.of.new.programs,toreduce:\.U'ban
and agricultural runoff.
HISTORY: Added StaU .1989, cJr 269·0 50, eJfe~#~
Gowmor', ReO'7JtJ7fluuion nan,!Na.'l. 1991.;§,197.

~ugust

J,
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Database i~tifyin8,and descn'bing:toxic hot
spots; Monitoring and ~rvei1lan~ task·force

§ 13392.5.

(a) Each regionll1: hQard·.which:'AAs >re~latoO':au~ority for
one or more ~c1osed bays ()r estuaries shall'" ~y January 1,
1992, develop .for each enclQ.~ ,bay ,or ,estuary, .J
consolidated data base \,,!,~ich id~tifies'i,!U1d describes all
known and suspected toxic hot spots. I;!ach regional board
shall, in consultation with'the, $te bOard.-aIso develop an
o[lgoing monitoring and Sl,IN.~i1Iapce\PTC?&ram that inclu~es,
but is not limited to. the following components:

(jIJ\rTER 5.6. &y Protection and Toxic Cleanup
(l) Establishment of a monitoring and surveillance task force
that includes representation from agencies, including, but
not limited to, the Office of Environmental Health Hazard
AssesSment and the Department of Fish and Game, that
routinely monitor water quality, sediment, and aquatic
life.
(2) Suggested guidelines to promote standardized analytical

methodologies and consistency in data reporting.
(3) Identification of additional monitoring and analyses that

are needed to develop a complete toxic hot spot
assessment for each enclosed bay and estuary.
(b) Each regional board shall make available to state and
local agencies and the public all information contained in the
consolidated data base, as well as the results of new
monitoring and surveillance data.
HlSTORY: Added Slats 1989 ch 269 § 50, effective Augusl 2, 1989: Amended
SUZts 1989 ch 1032 § 32, effective Seplemb~r 29, 1989: Governor's
ReorgQflizario" Pia", No.1, 1991, § 198.

§ 13392.6.
Workplan for adoption of sediment quality
thresholds for toxic pollutants
(a) On or before July 1, 1991, the state board shall adopt and
submit to the Legislature a workplan for the adoption of
sediment quality objectives for toxic pollutants that have been
identified in known or suspected toxic hot spots and for toxic
pollutants that have been identified by the state board or a
regional board as a pollutant of concern. The workplan shall
include priorities and a schedule for development and adoption
of sediment quality objectives, identification of additional
resource needs, and identification of staff or funding needs.
The state board is not prohibited from adopting sediment
quality objectives in the workplan for a constituent for which
the workplan identifies additional research needs.

(b) In preparing the workplan pursuant to subdivision (a), the
state board shall conduct public hearings and workshops and
shall consult with persons associated with municipal
discharges, industrial discharges, other public agencies,
research scientists, commercial and sport fishing interests,
marine interests, organizations for the protection of natural
resources and the environment, and the general public.
RISTORY: Added SUZts 1989cll 269 § 50, efft:ctivt: Augusl2, 1989: Amended
Suus 1989 eh 1032 § JJ, efft!Ctive Seplt:mber 29. 1989.

§ 13393.

Sediment quality objectives

The state board shall adopt sediment quality objectives
pursuant to the workplan submitted pursuant to Section

13392.6. The state board shall adopt the sedimalt quality
objectives pursuant to the procedures established by this
division for adopting or amending water quality control plans.
The sediment quality objectives shall be based on scientific
information, including, but not limited to, chemical
monitoring, bioassays or established modeling procedures, and
shall provide adequate protection for the most sensitive aquatic
organisms. The state board shall base the sediment quality
objectives on a health risl.t assessment if there is a potential for
exposure of humans to pollutants through the food chain to
edible fish, shellfish, or wildlife.
HISTORY: Added SUZts 1989 en 1032 § J5. eJfrctive &ptnnber 29. 1989.
[Former Section: Fonur § lJ39J, similar ro die presml seetio".
was added SUZts 1989 en 269 § 50. effective Augusl 2. 1989. and
nJNoled Suza 1989dr IOn t 34. effective &pl. 29.1989].

§ 13393.5. Assessment and priority ranking of toxic hot spots
On or before July 1, 1992, the state board, in consultation
with the Office of Environmental Health Hazard Assessment
and the Department of Fish and Game, shall adopt general
criteria for the assessment and priority ranking of toxic hot
spots. The criteria shall take into account the pertinent factors
relating to public health and environmental quality, including,
but not limited to, potential hazards to public health, toxic
haurds to fish, shellfish, and wildlife, and the extent to which
the deferral of a remedial action will result or is likely to
result in a significant increase in environmental damage,
health risks, or cleanup costs.
HISTORY: Added SUJts 1989 en 269. § 50. effective Aug. 3. 1989; Ammded
Governor's Rcorgtmizaa- Ptmt. No.1. 1991. § 199.

§ 13394.

Toxic hot spot cleanup plans

On or before July I, 1993, each regional board shall complete
and submit to the state board a toxic hot spots cleanup plan.
On or before January I, 1994, the state board shall submit to
the Legislature a consolidated statewide toxic bot spots
cleanup plan. The cleanup plan submitted by each regional
board and the state board shall include, but not be limited to,
the following information:
'
(a) A priority ranking of all hot spots, including the state
board's recommendations for remedial action at each toxic hot
spot site.

(b) A description of each hot spot site including a
characterization of the pollutants present
at the site.
-~

.....

(c) An estimate of the total costs to impleme~t the plan.
(d) An assessment of the most likely source or sources of
Ponno-Cologne Willa QruUity CoaIrol Act and Rmucd Codes - 1992 - PAGE 45
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to revise a waste discharge requirement only if. it finds that the
toxic bot spot resulted from practices no longer being
conducted by the discharger or permitted under the existing
waste discharge requirement, or that the discharger's
contribution to the creation or maintenance o( the toxic hot
spot'is not significant.

pollutants.
(e) An estimate of the costs that may be recoverable from
parties responsible for the discharge of pollutants that have
accumulated in sediment.

(f) A preliminary assessment of the actions required to
remedy or restore a toxic hot spot.

~.,

HISTORY:

(g) A two-year expenditure schedule identifying state funds
needed to implement the plan.

Add~d

Suus 1989 c1I 269 § SO, effecdw August 2, 1989.

• 13395.5. Contracts and Other Agreements
The state board may enter into contracts and other agreements
for the purpose of evaluating or demonstrating methods for the
removal, treatment, or stabilization of contaminated bottom
sediment. For the purpose ofpreparing health risk assessments'
pursuant to Section 13393, the state board shall enter into
contracts or agreements with the Office of Environmental
, Health Hazard Assessment, or with other state or local
agencies, subject to the approval of the office. The costs
incurred for work conducted by other state agencies,
including, but not limited to, the office and the Department of
Fish and Game, pursuant to this chapter shall be reimbursed
according to the terms of an interagency agreement between
the state board and the agency.

(h) A summary of actions that have been initiated by the
regional board to reduce the accumulation of pollutants at
existing hot spots and to prevent the creation of new hot spots.
(i) The plan submitted by the state board shall include
findings and recommendations concenting the need for
establishment of a toxic hot spots cleanup program.
HISTORY: Added Slats 1989 ch 269. § SO, effective Aug. 3, 1989.

§ 13394.5. Annual Expenditure Plan

The state board, as part of the annual budget process, shall
prepare and submit to the Legislature a recommended annual
expenditure plan for the implementation of this chapter.

HISTORY: AdlUd SIOlS 1989, cit 269, § SO, ~ffecdve iWgust 3, 1989.Governor's Reorganization Plan, No.1, 1991, § 200.

§ 13396. Certification or approval to dredge or disturb toxic
hot spots

HISTORY: Added Slats 1989 ch 269, § SO, effective Aug. J. 1989.

§ 13395. Reevaluation of waste discharge requirements for
discharge into toxic hot spots

No person shall dredge or otherwise disturb a toxic hot spot
site that has been identified and ranked by a regional board
without first obtaining certification pursuant to Section 401 of
the Clean Water Act (33 U.S.C. Sec. 1341) or waste
discharge requirements. The state board and any regional
board to which the state board has delegated authority to issue
c~rtification shall not waive certification for any discharge
resulting from the dredging or disturbance unless waste
discharge requireme",ts have been issued. If the state board or
a regional board does not issue waste discharge requirements
or a certification within the period provided (or certification
under Section 401 of the Clean Water Act. The certification
shall be deemed denied without prejudice. On or after January
1, 1993, the state and regional boards shall not grant approval
for a dredging project that involves the removal or disturbance
of sediment which contains pollutants at or above the sediment
quality objectives established pursuant to Section 13393 Unless
the board determines all of the fol!?~g:

Each regional board shall, within 120 days from the ranking
of a toxic hot spot, initiate a reevaluation of waste discharge
requirements for dischargers who, based on the determination
of the regional board, have discharged all or part of the
pollutants which have caused the toxic hot spot. The~
reevaluations shall be for the purpose of ensuring compliance
with water quality control plans and water quality control plan
amendments. These reevaluations shall be initiated according
to the priority ranking established pursuant to subdivision (a)
of Section 13394 and shall be scheduled so that, for each
region, the first reevaluation shall be initiated within 120 days
from, and the last shall be initiated within one year from, the
ranking of the toxic hot !lpots. The regional board shall,
consistent with the polici~ and' principles set forth in Section
13391, revise waste discharge requirements to ensure
compliance with water quality control plans and water quality
control plan amendments adopted pursuant to Article 3
(commencing with Section 13240) of Chapter 4, including
requirements to prevent the creation of new toxic hot spots
and the maintenance or further pollution of existing toxic hot
spots. The regional board may determine it is not necessary

-.

(n) The polluted sediment will be removed in a "lnanner that
prevents or minimizes water quality degradation.

(b) Polluted dredge spoils will not be deposited in a locatiOll,
j
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CHAPTER 5.6. Bay Protection and Toxic Cleanup
that may cause significant adverse effects to aquatic life, fish,
shellfish, or wildlife or may harm the beneficial uses of the
receiving waters, or does not create maximum benefit to the
people of the state.

,

(e) The project or activity will not cause significant adverse
impacts upon a federal sanctuary, recreational area, or other
waters of significant national importance.
HISTORY: Add~d Stau 1989 ell 269 § SO.
by SlaU 1989 ell J032 § 36.

~.I!~ctive

~.I!ecdv~ S~prember

August 2, 1989; A~nd~d
29,1989.

levels established in subdivisions (b) and (d).
(g) This section shall remain in effect only until January I,
1994, and as of that date is repealed, unless a later enacted
statute, which is enacted before January 1, 1994, deletes or
extends that date.
HISTORY; AJJN SIIJIS 1990, cit 1294, 11.

CHAPTER 6. State Fmancial Assistance
ARTICLE 1. State Water Quality Control Fund

§ 13396.5. Fees

§ 13400.

(a) The state board shall establish fees applicable to all point
and nonpoint dischargers who discharge into enclosed bays,
estuaries, or any adjacent waters in the contiguous zone or the
ocean as defined in Section 502 of the federal Clean Water
Act (33 U.S.c. Sec. 1362), which shall be collected annually.

As used in this chapter, unless otherwise apparent from the
context:

(b) The fees shall create incentives to reduce discharges to
the ocean, bays, and estuaries and shall be based on the
relative threat to water quality from point and nonpoint
dischargers. The schedule of fees shall be set at an amount
sufficient to fund the responsibilities and duties of the state
board, the State Department of Health Services, and the
Department of Fish and Game established by this chapter. The
total amount of fees collected pursuant to this section shall not
exceed four million dollars ($ 4,000,000) per year. Nothing
in this section limits or restricts the funding of activities
required by this chapter from sources in addition to the fees
established by this section.

Definitions

(a) "Fund" means the State Water Quality Control Fund.
(b) "Public ageucy" means any city, county, city and county,
district, or other political subdivision of the state.

(c) "Facilities" means:
(I) facilities for the collection, treatment, or export of waste

when necessary to prevent water pollution,
(2) facilities to reclaim waste waters and to convey reclaimed
water,
(3) facilities or devices to conserve water, or
(4) any combination of the foregoing.

(c) Fees collected pursuant to this section shall be deposited
in the Bay Protection and Toxic Cleanup Fund which is
hereby created, and shall be available for expenditure by the
state board, upon appropriation by the Legislature, for the
purposes of carrying out this chapter.
(d) Fees collected pursuant to this section shall be in addition
to fees established pursuant to Section 13260 and shall not be
subject to the maximum fee established in subdivision (d) of
Section 13260, provided that the annual fee under this section
shall not exceed the amount of thirty thousand dollars
($ 30,000) per discharger..
(e) Any person failing to pay'~ fee established under this
section when so requested by the state board is guilty of a
misdemeanor and may be liable civilly in accordance with
subdivision (d) of Section 13261.
(f) On or before January I, 1993, the State Board shall
report to the Legislature on the progress made toward meeting
the requirements of this chapter and the adequacy of the fee

HISTORY; Adlkd SIIJIS 1969 cit 482 § 18, operative
Amended S/QU 1978 cit 436 § 1.

JQrIU4ty

1, 1970;

§ 13401. State Water Quality Control Fund; Appropriation of
moneys
The Slate Water Quality Control Fund is continued in
existence. The following moneys in the fund are appropriated,
without regard to fiscal years, for expenditure by the slate
board in making loans to public agencies in accordance with
the provisions of this chapter.
(a) The balance of the original moneys deposited therein.
(b) Any money repaid thereto.

(c) Any remaining balance of the money ~ -in- the- fund
deposited therein after the specific appropriations for loans to
the South Tahoe Public Utility District, the North Tahoe
Public Utility District, the Tahoe City Public Utility District,
POrter-CologM Wain' QwJlJry Cotstrol Ad aNI RelGud Codn - 1992 - PAGE 47
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list of Reports Prepared Fully or in Part
by the BPTCP (including Contractor Reports)

List of Reports Prepared Fully or in Part
by the BPTCP (including Contractor Reports)

Becker, D.S., R.C. Barrick, and L.B. Read. 1990. Evaluation of the AET
Approach for Assessing Contamination of Marine Sediments in California. State
Water Board Report No. 90-3WQ.
Brodberg, R.K., K. Kan, and G.A. Pollock. 1993. Strategy for Establishing
Sediment Quality Objectives Based on Human Health Risk Assessment. Office of
Environmental Health Hazard Assessment, California Environmental Protection
Agency.
Division of Water Quality, State Water Resources Control Board. 1990. Staff
Report: Proposed Authorization to Negotiate and Execute Contracts and Advise
of Staff Action for the Bay Protection and Toxic Cleanup Program.
Division of Water Quality, State Water Resources Control Board. 1991. Staff
Report: Bay Protection and Toxic Cleanup Annual Fees Responses to Comments
Received.
Division of Water Quality, State Water Resources Control Board. 1992a.
Feasibility Study for Establishing the Water Resources Control Board's Bay
Protection and Toxic Cleanup Program Data Management System. (Prepared with
the Teale Data Center).
Division of Water Quality, State Water Resources Control Board. 1992b. Staff
Report: Technical Services Interagency Agreement with Teale Data Center to
support the Bay Protection and Toxic Cleanup Program Consolidated Database.
Division of Water Quality, State Water Resources Control Board. 1993. Draft
Staff Report: Criteria to Rank Toxic Hot Spots in Enclosed Bays and Estuaries
of California.
Flegal, A.R., R.W. Risebrough, B. Anderson, J. Hunt, S. Anderson, J. Oliver,
M. Stephenson, and R. Packard. 1992. Second Draft Final, Pilot Regional
Monitoring Program San Francisco Estuary Sediment Study.
Gunther, A., S.G. Lorenzato, and J.M. OIConnor. 1991. Summary of a Workshop
Concerning Sediment Quality Assessment and Development of Sediment Quality
Objectives.
Lorenzato, S.G. and C.J. Wilson. 1991. Workplan for the Development of
Sediment Quality Objectives for Enclosed Bays and Estuaries of California.
State Water Board Report No. 91-14WQ.
Montoya, B.L. 1991. An Analysis of the Toxic Water Quality Impairments in
the Sacramento-San Joaquin Delta/Estuary.
Regional Water Quality Control Board, Central Coast Region.
Regional Monitoring Plan.
Regional Water Quality Control Board, Los Angeles Region.
Regional Monitoring Plan.

1992. BPTCP
1992. BPTCP

Regional Water Quality Control Board, Central Valley Region.
Regional Monitoring Plan.
Regional Water Quality Control Board, North Coast Region.
Regional Monitoring Plan.
Regional Water Quality Control Board, San Diego Region.
Monitoring Plan.

1992. BPTCP

1992. BPTCP
1992. BPTCP Regional

Regional Water Quality Control Board, San Francisco Bay Region.
Regional Monitoring Plan.
Regional Water Quality Control Board, Santa Ana Region.
Monitoring Plan.

1992. BPTCP

1992. BPTCP Regional

State Water Resources Control Board. 1991a. Final Statement of Reasons Title
23, Division 3, Chapter 9, Article 6, Section 2236, California Code of
Regulations: ' Bay Protection and Toxic Cleanup Annual Fees.
State Water Resources Control Board. 1991b. Final Functional Equivalent
Document for Amendment of the Water Quality Control Plan for Enclosed Bays and
Estuaries of California. State Water Board Resolution No. 91-33. (Prepared
with the Freshwater Standards Unit).
State Water Resources Control Board. 1992a. Draft Functional Equivalent
Document, Amendments of the Water Quality Control Plan for Enclosed Bays and
Estuaries of California.
.
State Water Resources Control Board. 1992b. Final Functional Equivalent
Document for Amendment of the Water Quality Control Plan for Enclosed Bays and
Estuaries of California. State Water Board Resolution No. 92-100.
State Water Reso~rces Control Board. 1992c. R~gulati~nsto Implement the Bay
Protection and Toxic Cleanup Program Annual Fees. Section 2236, Article 6,
Chapter 9, Division 3, Title 23 of the California Code of Regulations. State
Water Board Resolution No. 92-102.
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PROGRESS REPORT

This report summarizes the data collected in the San Francisco Bay 1991-1992 Regional
Monitoring Program. This is a progress report describing the work that has been
completed to date. There were five different contracts written for the San Francisco Bay
Regional Monitoring Program that were funded by the Bay Protection and Toxic Cleanup
Program. Each deal with different components of the monitoring program or wasteload
allocation studies: 1) sediment analysis, 2) bioaccumulation, 3) water column toxicity, 4)
water column chemistry (organics) and 5) wasteload allocation. The Sediment Report and
Water Column Toxicity Report are submitted with this summary as draft finals. All of the
chemical analysis for the sediment study is not yet completed. The Bioaccumulation
Report is submitted in final form. Analysis of the water column samples for organic
chemistry is not yet complete. The wasteload allocation studies are on a four year time
schedule. Progress on these studies is included in this report.
In addition, since the Regional Monitoring Program had many contracts and many
subcontractors in each contract (the sediment contract had six contractors) the final
reports do not analyze the data in a fully integrated fashion. We are currently trying to
hire statisticians to thoroughly analyze all of the data collected in the program so that we
can extract the most information from the enormous amount of data we have. An
integrated approach to data analysis is necessary in order to use this information to guide
our decisions in the future. Once all of the monitoring reports are final and an integrated
statistical analysis of the data is completed, a final version of this summary report will be
issued.

EXECUTIVE SUMMARY
This report i~ a summary of the progress to date on the San Francisco Bay Regional Water
Quality Control Board's Pilot Regional Monitoring Program (RMP). The RMP was
funded by the Bay Protection and Toxic Oeanup Program. The main goal of this
program was to develop a regional monitoring and surveillance program that could' be
used as a prototype in other bays and estuaries in the state. This was accomplished by
setting up monitoring programs and special studies to evaluate various techniques and
protocols used to sample water, sediment and tissue and to measure chemical
contamination and toxicity. A second purpose of the program was to identify toxic hot
spots in the Bay and in critical habitats (marshes, creeks and mudflats) arou~d the Bay.
This was a multi-media program in which chemical contamination and toxicity was
measured in water and sediments and bioaccumulation of contaminants was measured
in tissues. The program was divided into two major monitoring programs two special
study programs and a data management component. The two monitoring components
were the Bay Monitoring Surveys and the Critical Habitat Investigations.
In the Bay Monitoring Surveys, chemistry and toxicity was measured in the water and
sediments at stations ranging from the South Bay to the Sacramento and San Joaquin
Rivers. The purposes of the Bay Monitoring Surveys were to: 1) monitor stations that in
a longterm monitoring program would indicate spatial and temporal trends in toxicity
and chemistry throughout the Estuary, 2) determine background for different basins in
the Estuary and 3) determine if there was toxicity or high levels of contaminants at Bay
stations.
Critical Habitat Investigations were conducted primarily to determine if there were high
levels of contaminants or toxicity" hot spots" in the marshes, mudflats or creeks
surrounding the Estuary. Toxicity was measured in the sediments. Chemical analyses
was performed on sediment samples for a suite of metals and organics. Investigations of
toxicity in the water column of critical habitats focused on stormwater runoff in two
systems: 1) The Crandall Creek and Demonstration Urban Stormwater Treatment (DUSn
marsh (DUST system) which retains stormwater in a freshwater marsh and 2) Arrowhead
Marsh where stormwater is discharged into San Leandro Bay.
A special study was performed on a sediment gradient to: 1) determine which toxicity
tests or type of toxicity tests (solid phase, elutriate, or pore water) could best distinguish
between highly contaminated, moderately contaminated, and relatively uncontaminated
sites, 2) evaluate the degree to which field replication increases the ability to distinguish
between sites, 3) de.termine the effect of sample depth, 4) determine the relationship
between toxicity and factors that may effect toxicity including the levels of chemical
contaminants, total organic carbon, grain size, ammonia and sulfides and 5) determine the
relationship between toxicity test results and benthic community analysis. Snallowaod
deep samples were collected at stations in Castro Cove, which has been historically
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contaminated with' effluent from an oil refinery. Five field replicates were collected at
each station. Toxicity tests were performed on whole sediment, elutriates and porewater.
Chemical analyses were performed on whole sediment and porewater. Samples for
benthic community analysis were collected from these stations. In addition, for another
program, biomarkers were measured in fish exposed to the sediment in the laboratory.
A bioaccumulation study was performed in order to: 1) describe the distribution of trace
metals and organics in organisms in the San Francisco Estuary, 2) determine the
differences in contaminants in organisms collected in wet and dry seasons, 3) determine
the differences between mussels transplanted to shallow and deep water column depths
at the same station, 4) determine the effect of depurating sediment from the guts of
organisms on the contaminant levels in the whole bodies, 5) determine the optimum
length of exposure for transplant organisms and 6) determine the differences in uptake
in three species, each with their own salinity tc:>lerances.
To manage the data for the entire RMP a common format was developed for all
laboratories participating in the program. This allowed data to b~ more easily interpreted,
analyzed and thoroughly checked for quality assurance. All laboratories in the program
were provided with consistent formats with QA programs integrated into the data input
system to insure accurate data entry. Data were generated at each of the laboratories and
sent to EcoAnalysis for review.
For the sediment portion of the Bay Monitoring Surveys and Critical Habitat
.Investigations, stations were identified where sediment was toxic or showed elevated
levels of metals or organics (see results). Sediment was monitored at 15 stations baywide
during wet and dry seasons. For the Critical Habitat Investigations 32 sediment stations
were monitored. Preliminary studies and data from the monitoring programs indicated
that: 1) for the amphipod test Eohaustaurius estuadus seemed more sensitive than
Hyale1Ja azteca and Rhepoxinius abronius. even when a 28 day growth test was
conducted with Hyale1Ja. 2) the Menidia growth and survival test, using an elutriate, is
not sensitive and should not be used in a monitoring program, 3) diver cores seemed to
be the best way to collect undisturbed sediment samples, next best was the box core and
4} chemical analysis indicated that the technique used for homogenizing samples was .
adequate. Eohaustaurius seems to be an excellent organism for estuarine monitoring
because it is tested in solid phase, is sensitive and can be tested at ambient salinity.
Only preliminary analyses have been completed on data from the gradient study but
these analyses seem to indicate that: 1) toxicity was greater in deep samples, 2) this
toxicity was not caused by high levels of ammonia or hydrogen sulfide, 3) toxicity tests
were able to distinguish between stations, 4) field replicates were more variable than
laboratory replicates, 5) three laboratory replicates may be sufficient to distinguish
between stations, 6) in the bivalve larvae test, porewater samples were much more toxic
than elutriate samples from the same sediment, 7) abnormality in the bivalve larvae test
was highly correlated with abnormality in the sea urchin test, 8) abnormality in neither
3

the urchin or bivaJve test were correlated with the sea urchin fertilization test, and 9)
sampling cores may be suitable containers for conducting amphipod tests.
For the water column por~on of the Bay Monitoring surveys, monitoring of organic
contaminants and toxicity was conducted at 15 and 12 stations, respectively, within the
Estuary in June 1991 and April 1992. The results of the organic contaminant monitoring
will be available in January 1993. Toxicity testing indicated statistically significant toxicity
during the first sampling event at two stations. E~ch station had significant toxicity in one
toxicity test. There was no significant toxicity in the second sampling event.

it'

Investigations of toxicity in the water column of critical habitats detected toxicity in both
the DUST system and Arrowhead Marsh following storm events. The DUST system was
further investigated to study the fate of toxicity in the receiving waters following storm
events of different intensity.
Bioaccumulation results indicated that: 1) bivalves at most of the stations within San
Francisco Bay accumulated contaminant levels that were significantly higher than the
controls collected at sites in more pristine locations outside of the Bay, 2) stations in the
South Bay, especiaJly Coyote Creek, were significantly higher than the CentraJ or
Northern Bay stations for DDT, PCBs, chlordane and PAHs, 3) Stations in the South and
CentraJ Bays were significantly higher than the North Bay for silver, 4) there were no
significant differences in contaminant levels between wet and dry seasons, 5) there were
no significant differences between mussels deployed near the surface and those deployed
, near the bottom, 6) a smaJl number of metals at each station were significantly different
; between depurated and undepurated mussels, 7) an equilibrium appeared to be reached
in mussels during the three and four month transplants for copper, mercury, lead,
selenium, and chlordane, but no equilibrium was reached for silver, PCBs and possibly
DDT after 120 days, 8) the patterns exhibited for DOTs, PCBs, and chlordanes for
deploment time experiments were similar indicating a similar source of these compounds
and 9) oysters and mussels exhibited similar concentrations of chlordane, DDT and PCBs
but PAHs ctiffered and aJl metals differed greatly between the two species.
Although all of the data from the program has not been thoroughly analyzed, there are
already several major accomplishments of the RMP: 1) a Baseline Monitoring Program has
been established which will start in 1993, using the techniques and protocols evaJuated
during the RMP, to measure temporal and spatial trends in chemistry, toxicity and
bioaccumulation throughout the San Francisco Estuary on an ongoing basis, 2) toxic hot
spots were identified throughout the Bay and in critical habitat areas, 3) most of the
marshes and mudfl~ts in the Estuary were surveyed for chemical contamination and
toxicity, 4) as the first step in setting up a statewide database, a format was generated for
data and laboratories in the Bay Protection Program were trained to use these formats so
that data could be easily checked for quality assurance, and integrated for statistical
analysis, 5) data generated in this program can be-combined with other data to generate
Apparent Effects Threshold (AEl) values for San Francisco Bay and 6) problems in
4
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identifying toxic hot spots and generating sediment quality criteria were identified and
future studies were recommended to make the program more scientifically rigorous and
provide more certainty in the final results (see Recommendations for Future Studies).
Besides the Regional Monitoring Program, studies are also underway supporting the
development of a wasteload allocation for South San Francisco Bay. In the first phase,
a predictive water quality model was developed based on available water quality and
hydrodynamic data, using the EPA model WASP4. The second phase includes collection
of time series of suspended sediment data to improve the ability to model transport of
pollutants associated with sediments.
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INTRODUCTION
The State Water Resources Control Board established the Bay Protection and Toxic
Cleanup Program in April 1990 in order to implement Sections ]3390-]3396 of the
California Water Cod~ (Chapter 5, Division 7). One of the requirements under the Water
Code is to develop an ongoing monitoring and surveillance program in bays and estuaries
of the state. The primary goal of the Pilot Regional Monitoring Program (RMP) was to
develop a monitoring and surveillance program for the San Francisco Estuary that could
be used as a prototype for the rest of the state. In addition, this program was designed
to identify toxic hot spots in the Bay and in marshes surrounding the Bay and to coUect
data that can be used to develop sediment quality objectives. In a second part of this
report, the progress of wasteload allocation studies is described.

-w'

The RMP was primarily a monitoring program bl,1t special studies were also undertaken
to determine the best methods and stations to use to monitor the Estuary. A multi-media
approach was used in order to evaluate the ultimate fate and effects of contaminants in
this complex estuarine system. Measurements of chemical contaminants, exposure of
organisms to these contaminants and toxic effects of contaminants on organisms were all
measured. In the water column, chemistry, toxicity and bioaccumulation were measured.
In the sediments, chemistry, and toxicity in both whole sediment and in pore water were
measured. In addition, biomarkers were measured in fish exposed.in the laboratory to
sediment samples synoptically collected for chemistry and toxicity.
Chemical measurements included a suite of metals and organics. At least three different
toxicity tests were used to evaluate the effects of contaminants in both water and
sediment. Bioaccumulation was measured in three different species of shenfish deployed
in the water column. These data will not only be used for the immediate needs of the
Bay Protection and Toxic Cleanup Program but also ,to determine background
concentrations in the Estuary and to evaluate spatial and temporal trends in chemistry,
bioaccumulation and toxicity.
Included in the program was a data management component. Under this part of the
program, a common format was developed so that data could be more easily interpreted,
analyzed and thoroughly checked for quality assurance. Although analysis is included .
in this report for each component of the program, a thorough statistical analysis
integrating all portions of the program is currently being planned. All of the data
previously mentioned are included in this report except for water column metals analysis
and biomarker measurements, which were funded under another program and are on a
different time sche~.\.1le. For a more thorough description of methods and results consult
the original reports.
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PART I. REGIONAL MONITORING PROGRAM

The RMP included two major monitoring components: Bay Monitoring Surveys and
Critical Habitat Investigations. The purposes of the Bay Monitoring Surveys were to: 1)
monitor stations that in a longterm monitoring program would indicate spatial and
temporal trends in toxicity and chemistry throughout the Estuary, 2) determine
background for different basins in the Estuary and 3) determine if there was toxicity or
high levels of contaminants at Bay stations. The Bay Monitoring Surveys included
chemical and toxicity measurements in the water column and in the sediment. In the
water column, metals were analyzed at 27 stations, organics at 14 stations and toxicity at
]2 stations.
Sediment chemistry and toxicity were measured at 15 stations.
Bioaccumulation in shellfish was measured at 8 stations. Each group of stations was a
subset of the 27 water column stations. However some sediment stations, although
located in the same general vicinity as the water column stations, were changed due to
the composition of the sediment. The stations ranged geographically from the South Bay
to the Sacramento and San Joaquin Rivers.
Critical Habitat Investigations were conducted primarily to determine if there were high
levels of contaminants or toxicity" hot spots" in the marshes and mudflats surrounding
the Estuary. Sediment chemistry and toxicity were measured in most critical habitats
around the Estuary, except for the South Bay which has been extensively monitored in
the recent past. Water column toxicity was measured in several of these marshes,
although most of the work relating to water column toxicity concentrated on the effect
of runoff on the Demonstration Urban Stormwater Treatment (DUST) marsh in the South
Bay and Arrowhead Marsh in San Leandro Bay.
Special studies on sediment toxicity and bioaccumulation were also conducted and are
described in those sections below. In addition, a data management component was
included so that all of the data would be consistent and could be integrated for quality
assurance and statistical analysis.
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SEDIMENT
Study Design
Several preliminary studies were conducted for the sediment monitoring programs to
determine: 1) the most appropriate amphipod species and endpoints to use in an estuary
with a wide range of salinities and 2) a fine grain reference site. These studies are
discussed in more detail in the Sediment Report. Tests exposed the amphipod HyaJeJla
azteca to two freshwater reference sediments (Del Valle Reservoir and Lake Mendocino)
and two 'contaminated sediments (Coyote Creek and Mayfield Slough). The duration of
the tests were 14 and 28 days. Endpoints were 14 day survival and for the 28 day test
three growth measurements. Eohaustautius estuadus was exposed to two estuarine
reference (Brazil Beach in Tomales Bay, and Drakes Estero) and two estuarine
contaminated sediments (Oakland Inner Harbor and Castro Cove). The duration of the
test was 10 days and the endpoint was survival. In addition, both HyaJeJla and
Eohaustaurius were exposed to low salinity sediments (3-4 ppt) from Lake Mendocino,
Blanco Drain, Mayfield Slough and Stockton Harbo.r to determine if Eohaustaurius could
.be used at low salinities. The results of these studies indicated that. 1) the most
appropriate amphipod test to use for the sediment :monitoring programs was the 10 day
amphipod test, using Eohaustaudus and measuring survival, 2) Eohaustaudus could be
run in estuarine sediment down to 4 ppt but it had low survival in freshwater sediment
that was salted up and 3) the best fine grain reference site out of those tested was Brazil
Beach in Tomales Bay. However, after testing with Brazil Beach sediment showed
toxicity in consecutive studies, including the first Critical Habitat survey, the site was
.changed to Marconi Cove in Tomales Bay. Still, ~roughout the study Marconi Cove
sediments exhibited sporadic toxicity.
Adclitional samples were collected at Drakes Estero,:Tomales Bay, Oakland Inner Harbor,
Del Valle Reservoir, Mayfield Slough, Lake Mendocino and Coyote Creek for pore
water analysis. Samples were taken with a sampling core. Pore water was extracted with
syringes inserted at different depths. Pore water was analyzed for ammonia, nitrite plus
nitrate, phosphate, dissolved oxygen,silicate, manganese, silver, iron and lead.
Bay Monitoring Surveys
Composite samples of the depositional layer were collected at 15 stations during
the dry season (August 1991) and 14 during the wet season (April 1992) (Figure 1
and 2; Table 1 and 2). A fine grain sample could not be collected at Davis Point
during the \\,'~t season. The depositional layer was defined by being brown in
color, loosely compacted and lacking the smell of hydrogen sulfide. Because of the
highly dynamic nature of the San Francisco Estuary, due to wind, tides and
currents, sediment is constantly resuspended and redeposited. In this progra~ we
decided not to sample the top 2 em, as is done in most sediment surveys, because
we felt that in most areas that ·dept~ was constantly in a state of flux. To truly
8

characterize a site we dedded to sample a deeper layer. We sampled down to the
interface where the existence of hydrogen sulfide was evident. The sulfide layer
was not sampled because of possible confounding effects in tmddty test results.
Sediment was homogenized and analyzed for concentrations of metals and
organics and for toxicity. Three toxidty tests were used in the dry weather run.
These were the solid phase 10 day amphipod test using Eohaustaurius and two
elutriate tests, the bivalve larvae test measuring development, and the Menidia
beryllina test measuring growth and survival. The Menidia test was deleted from
the wet weather run because after much testing it proved to be less sensitive than
the other tests.
Critical Habitat Investigations
Composite samples of the depositional layer were collected at 32 stations located
in marshes or mudflats around the Estuary (Figure 3; Table 3). Four separate
surveys were conducted, each in a separate part of the Estuary. The sediment was
analyzed for metals and organics and tested for toxidty using the same three
toxidty tests used for the Bay Monitoring samples. However, several tests from
freshwater stations were conducted using the 7 day test for Daphnia magna. which
measures reproduction.
Gradient Study
The main purposes of the gradient study were to: 1) determine which toxidty tests
or type of toxidty tests (solid phase, elutriate, or pore water) could best distinguish
between highly contaminated, moderately contaminated, and relatively
uncontaminated sites, 2) evaluate the degree to which field replication increases
the ability to distinguish between sites, 3) determine the effect of sample depth, 4)
determine the relationship between toxicity and factors that may effect toxidty
including the levels of chemical contaminants, total organic carbon, grain size,
ammonia and sulfides and 5) determine the relationship between toxicity test
results and benthic community analysis.
Castro Cove was chosen as the study site. There were four station locations on a
distance gradient away from ·an historic outfall from a petroleum refinery (Figure
4). Station locations were chosen based on historic data and a reconnaissance
survey. At three of the four stations, including the most contaminated and the
least contami.Dated, samples were taken at two depths (the depositional layer,
referred to as shallow, and one foot, referred to as deep). The depositional layer
at station GD23, the third station from the source, could not be sampled because
of an intense infestation of tube worms at the station that was not there during
the reconnaissance survey five weeks before. In addition, sediment from Carr-rn1et
in Puget Sound, Washington was also sampled at two depths and used as an

· additional clean control for all of the toxicity tests, including pore water tests, in
the study. A full chemical analysis was conducted on the sediment and pore water
from Carr Inlet. At all seven stations (each depth was considered a separate
station) five field replicates were collected. Each field replicate was a composite
made up of at least five cores.
Twelve liters of sediment were collected for each field replicate and homogenized.
Sediment was then separated for pore water or whole sedimentlelutriate analysis.
Whole sediment was analyzed for metals, organics, grain size and total organic
carbon. The 10 day amphipod test, using Eohaul'taurius was conducted with
whole sediment. In addition, speckled sanddabs, Citharicbthys stiJWlaeus , were
exposed to this. sediment for 60 days in the laboratory, after which a series of
biomarkers were measured (these results will be reported in a separate report).
The bivalve larvae development test was also conducted on an elutriate of the
sediment using the same techniques that were used in the monitoring portion of
the program.
Pore water was squeezed from the sediment and used for chemical analysis and
toxicity tests. Pore water was analyzed for organics, metals, ammonia, sulfides, pH
and dissolved oxygen. Pore water toxicity tests measured: 1) bivalve larval
development, 2) sea urchin fertilization, development, cytologic and cytogenic
effects, 3) nematode broodsize and mutagenic effect and 4) bacterial mutagenicity.
In addition, a different pore water sampler was used to extract pore water at
different depths. Concentrations of ammonia, hydrogen sulfide, dissolved oxygen,
nitrite plus nitrate, silicate and manganese were measured in each sample.
In addition to chemical measurements, toxicity tests and biomarker measurements,
samples were collected at each of the four station locations (GD10120, GD11/12,
GD23 and GDl2/22) for benthic community analysis. Five field replicates were
collected at each location.
A dilution experiment was also conducted on sediment from the gradient study to
determine: 1) whether Eohaustaurius or Rhepoxinius was more sensitive to Castro
Cove sediments and 2) if salinity effected toxicity to Eobaustaurius. The 10 day .
amphipod test was performed for both species on dilutions of Carr Inlet and a mix
of G010 and G020 sediments (sediments from the most toxic site). Sediment was
mixed to achieve six concentrations: 100, 80, 60, 40, 20, and 0 %. Eohaustuarius
was tested at 10 and 25 ppt. Rbepoxinjus was tested at 28 ppt.

..
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Methods
Sampling
Sediment was sampled by four different methods: 1) a modified Gray-Ohara box
core, 2) diver operated cores, 3) diver operated scoops, and 4) hand held scoops.
The method used depended on the environment being sampled. For the Bay
Monitoring Surveys the box core was always used. For the Critical Habitat
Investigations one of the other three methods was used depending on whether the
sediment was exposed or underwater. Diver operated cores or scoops were used
if the sediment was underwater. Hand held scoops were used if the tide was out
and the sediment was not underwater. Diver operated scoops were considered the
least effective in maintaining the integrity of the top layer of sediment. These
were used for the first of four Critical Habitat Investigations but after this were
only used for collecting reference sediment. For the Gradient Study, except for
Carr Inlet sediment, only diver cores were used. Diver cores were the best method
for maintaining the integrity of the top layer of sediment.

'.

All sampling equipment was made of Teflon, polyethylene, or polycarbonate and
was pre-cleaned and protectively packaged prior to entering the field. New
sampling equipment, except for the sampler, was used at each station. All
sampling equipment (excluding the sediment sampler) was cleaned by: a 2-day
soak and wash in Micro brand detergent, 3 Milli-Q water rinses, 3 deionized water
rinses, a 3-day soak in 10% HCL or HN03, 3 Milli-Qwater rinses, air dry, 3
petroleum ether rinses, and air dry. The sediment sampler was cleaned prior to
entering the field by: a vigorous Micro brand detergent wash and scrub, a tapwater rinse, a 10% HCL rinse, and a petroleum ether rinse. To avoid crosscontamination, the sediment sampler was thoroughly cleaned between sampling
at each station with a seawater rinse, scrubbing with Micro brand detergent, a
seawater rinse, 1 % HO rinse and a methanol rinse.
The San Francisco Estuary is a highly dynamic system. Wind, currents and tides
constantly resuspend and redeposit sediment. Organisms reburrow and are
exposed to deeper sediment when it is resuspended. In most sediment studies, the
top 2 em of sediment is sampled. A decision was made in this study that the top
2 em was not deep enough to characterize a site in this Estuary. Yet, at that time
it was unclear how much effect ammonia and hydrogen sulfide would have on
toxicity tests if we sampled the sulfide layer. Also, it was felt that the mobilization
of sulfides could create artificial conditions by either extracting metals from the
pore water during homogenization or releasing metals during bioassay exposure.
For these reasons the decision was made to measure as deep as possible without
sampling the sulfide layer. For all studies, except the deep samples in the Gradient
Study, the depositional layer was sampled. This layer was characterized by being
brown in color, relatively noncompacted and lacking the smell of hydrogen sulfide.
11

This layer ranged, depending on the site from 1 em to 20 em. The average depth
'" ,
for the Bay Monitoring Surveys was 10 em.
Most samples were a composite of grabs. The amount of grabs varied from 1 to
20 depending on the depth of the depositional layer at that site, the greater the
depth the fewer the grabs. The Bay Monitoring Surveys' averaged 6 grabs.
Sediment was placed in a tub and homogenized. It was then divided up for the
various types of analyses conducted in the study.
For the Gradient Study whole sediment was sampled from the depositional layer
and to a depth of one foot using a diver core. Pore water was collected from each
sample. For every field replicate homogenized sediment was divided into sediment
that would be used for whole sediment analysis and sediment that would be used
for pore water analyses. The sediment ~o be used for pore water analyses was
squeezed by a whole core squeezing method developed by Bender et al. (1987).
This method utilizes mechanical force to squeeze pore water from interstitial
spaces. The pore water was then divided for the various types of chemical
analyses and toxicity tests.
A second method was used for sampling pore water at various depths. This
method used a pore water squeezer to collect dissolved «0.45um) pore water
samples, in replicate, from depths of 0, 1, 2, 4, 6, 8, 10, 14, 18, 22 and 26 em.
Filtered water samples were drawn directly into acid-cleaned polyethylene (LOPE)
syringes; the syringe contents were filtered through a 0.45um teflon syringe filter
into an acid-cleaned LOPE bottle. The samples were then acidified with subboiling quartz distilled (2x) acids in a trace· element dean laboratory. Samples
collected by this technique at Drakes Estero, Tomales Bay; Oakland Inner Harbor~
Del Valle Reservoir, Mayfield Slough, Lake Mendocino and Coyafe Creek Were
analyzed for ammonia, nittfte plus nitrate, pnosphate,dissolved;'oxygen, silicate,
manganese, silver, iron and'lead. Castro Cov'e samples were 'also collected by tlUs
method. These samples were analyzed for ammonia, hydrogen sul'fide,:-dissolved
oxygen, nitrite plus:nitrate, silitate'a"nd manganese.' C i "
I,; , , , : , '
~
I
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Organic Chemistry
Organic contaminants were measured in sediments and pore waters.
Concentrations of PAHs, PCBs, and chlorinated pesticides in sedimentS' were
measured with established techniques. All sediment values are reported in dry
weight. Concentrations of the same compounds in pote waters were mieasured
with experimental techniq!Jes, due to the' 'sensitivity limitations of the small
volum'esaVailable..'
r
;i
"I'", 1

Sediments were freeze-dried, mixed with kiln-fired sodium sulfate, and soxhletextracted"with methylene ~hloride. ;The meihylene1chloride was theri1replaced by
.
'.
1h ":-"'~:" ,
~I··l';~~··
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hexane. Lipids were removed by florisil-column chromatography. Sediment
extract volumes were concentrated to approximately 1-4 ml and analyzed by both
electron-capture gas chromatography (Varian 3400 GC with 8100 autosampler) and
by GC/MS (Saturn II, also with 8100 autosampler).
Pore water samples in the gradient study, about 50 ml, were extracted three times
with methylene chloride in a separatory funnel. The methylene chloride was
reduced and replaced by hexane. Pore water extract volumes were reduced to 5-10
microliters before analysis by GC/ECD and GCJMS to achieve the necessary
sensitivity.
For total organic carbon analysis, aliquots of freeze-dried or oven-dried sediments
were prepared by agitation in 1N HO, repeating the process until there was no
further evolution of carbon dioxide. AIter centrifugation and decanting, sediments
were rinsed with MilIi-Q treated water, centrifuged again, and dried at 60 degrees.
Subsequent steps in the analysis were undertaken by using established methods
(Froelich, 1980; Hedges and Stern, 1983; and suggested procedures of the
manufacturer). The methods are comparable to those of the recent validation
study of the EPA method MARPCPN conducted by the Chesapeake Biological
Laboratory of the University of Maryland.

Metals Chemistry
Two different methods were used to prepare whole sediment samples for chemical
analysis. The first involved a near total (aqua regia) digestion consistent with the
recommended procedures of the United States Environmental Protection Agency
for sediment analyses (EPA, 1974). This procedure provides a conservative measure
of trace element concentrations in sediment and can be used to compare
concentrations with historical measurements and numerical sediment guidelines
and standards. The second procedure extracted "biologically available" trace
elements by using a dilute acid (0.5 N HCl) extraction procedure (Flegal et al.,
1981). This procedure was developed for the State Water Resources Control Board
to monitor trace element concentrations in marine sediments and wastewater
sludge. Research has indicated that this extraction method is consistent with the
extraction for acid volatile sulfides (OHoro, 1990).
The first method of digestion was used to prepare samples that were analyzed for
aluminum, chromium, cobalt, copper, iron, lead, magnesium, manganese, nickel,
phosphorus, silver, vanadium and zinc. The second method was used to prepare
samples that were analyzed for aluminum, cadmium, iron, magnesium, manganese,
phosphorous and vanadium. Elemental concentrations were measured by GrapDi!e
furnace atomic absorption spectrometry (GFAAS), flame atomic absorption
spectrometry. (AAS), andlor inductively coupled plasma atomic emission
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spectrometry (ICP-AES). All samples were measured in

d~plicate.

Total arsenic, mercury, and selenium were analyzed by American Environmental
Corporation. Methods u&ed for these metAls were: arsenic (EPA Method 7061),
mercury (EPA Method 7471) and selenium. (EPA Method 7741). The instrument
used for detection was in all cases a GFMS. Tributyltin was analyzed by Toxscan,
Incorporated using agas chromatograph with a flame photometric detector. All
metals values for the project are reported in dry weight.
Pore water samples were concentrated with an APDC/DDC organic extraction,
which was based on the procedures described by Bruland et al. (1985). This
method was necessary because of the small volumes of pore water that could be
extracted. The total dissolved « 0.45um) concentrations of pore water samples
were measured with microtechniques based on procedures used to measure total
dissolved trace element concentrations in surface waters in the Sa·n Francisco
estuary (Flegal et aI., 1991). Therefore, this set of data may be compared to other
measurements of trace element concentrations in surface waters. Pore water
samples were analyzed for cadmium, cobalt, copper, iron, lead, manganese, silver
and zinc. Concentrations were measured by GFAAS and by ICP-AES.
Adctitional pore water measurements collected at various depths and analyzed for
dissolved ammonia, phosphate, silicate, and nitrate plus nitrite used the procedures
described by Gieskes and Peretsman (1986).

Toxicity Tests
For the first Bay Monitoring Survey and the Critical Habitat Investigations three
sediment toxicity tests were performed: the amphipod, bivalve larvae and Menidia
test. The 10 day amphipod test measuring survival was performed on whole
sediment (ASTM, 1992). The amphipod Eohau~taurius estuadus was used so that
all tests could be conducted at ambient salinity. Rhepoxinius abronjus was tested
at a subset of stations to compare the sensitivity of the two species. Control
. (home) sediment was used in an tests. In addition, fine grain sediment from
Tomales Bay was run as a reference sediment._
Elutriate tests were performed with bivalve larvae measuring development and
with the inland silverside, Menidia beryJ)jna, measuring growth and survival. The
Menidia test was used because 1) it has been shown to be sensitive in water
column ~ests, 2) we wanted to determine possible toxic effects on fish and 3)
Menidi,,· has a broad salinity tolerance. ~Iutriates were prepared by mixing
sediment with dilution water in a sediment-ta-water ratio of 1:4 by volume
(EPNACQE, 1991) and shaken vfgorously for 10 seconds (Tetra Tech, 1986). The
one liter mixture was allowed to settle for 24 hours and then carefully decanted
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into a one liter Erlenmeyer flask..
Toxicity tests with bivalve larvae were conducted following ASTM guidelines
(ASTM, 199]) with adaptations for elutriate testing given in the Puget Sound
Protocols (Tetra Tech, 1986). Pacific oysters, Crasssostrea ~ were used in all
tests except the third marsh run, which was run in December when spawnable
oysters were unavailable. At that time, oysters were replaced by bay mussels,
Mytilus eduJis. Toxicity tests measuring growth and survival in Menidia beryJlina
followed the EPA protocol (Weber eta!., 1988). A subset of stations were also
tested measuring growth and survival in the topsmelt Atherinops affinis
(Anderson et al., 1990). Both tests are growth and survival tests in which young
larvae are exposed to test solution for 7 days. However, Atherino~ is a local
species and Menidia is imported. For the second Bay Monitoring Run, which was
the last monitoring run to be conducted, larval fish tests were dropped from the
tests because they were insensitive in .the previous tests. Several tests from
freshwater stations were conducted using the 7 day test for Daphnia magna
measuring reproduction described by Nebeker et a1. (]988).
In the gradient study both the amphipod test using Eohaustaurius and the elutriate
bivalve larvae test were performed on test sediment. Protocols were the same as
described above. In addition, other toxicity tests were performed on whole
sediment and on pore water. The amphipod test using Eohaustaurius was
performed within cores used to collect sediment in the field. At three stations in
the gradient study, five separate core tubes (10 cm diameter) were taken in to the
field and used to sample sediment at each field replicate (5 per station) to a depth
of 10 em. These cores were capped, top and bottom, in the field with 10 cm of
overlying water which was retained throughout transport. The actual collection
cores were then used as the test containers.
Several toxicity tests were performed in pore water extracted from the sediment.
The bivalve larvae test was performed using the same methods as in the elutriate
tests (ASTM, 1991). The echinoderm fertilization test was conducted according to
methods described by Anderson et at. (1990). Development scoring, cytogenic
analysis and cytologic analysis were all conducted on the same samples. Cytogenic
and cytologic evaluations were conducted according to the methods of Hose and
Puffer (1983). The echinoderm, Strongylocentrotus ~ was used for all
echinoderm tests. A bacterial mutagenicity test was conducted on Salmonella
according to the methods of Kado et aI., (1983, 1986). This assay is a simple
modification of the Salmonella/microsome test of Ames et a1. (1975). The nematode
(c. eJegans) broodsize and mutagenicity assay was performed using methods of
Rosenbluth et al. (1983) and Anderson et a1. (submitted MS). This test assesses
alterations in broodsize in the Fl and F2 generations as well as mutations i!l. a
specific target region of the genome.
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All toxicity tests had five laboratory replicates except in th~ graqient study. After
statistically analyzing data from the previous studies, we determined that
laboratory variability was so low that using three laboratory replicates instead of
five did not effect the ability to distingqish between stations. Field variability was
expected to be much greater than labora~ory variability, ther~fore, five field
replicates were collected at each station. Positive reference toxicants were used for
all tests. Dissolved oxygen, pH, temperature and ammonia were monitored in the
tests. Grain size was also measured to evaluate the amphipod tests. In the
gradient study sulfides were also rpeasured.
Ben~hic

Analysis

For the gradient study five replicate cores (.018m2lcore) were coUected from each
of the four main gradient stations (C010/20, COll/2], G023 and GOl1122). -Cores
were immediately screened through 5mm mesh, and fixed in 10% formalin.
Samples were transferred four days later into 70% isopropyl alcohol, sorteq,
identified to the lowest possible taxon, and cpunted under a dissecting microscope.

Resul ts/Discussi on
A thorough, integrated, statistical cmalysis of the sediment results has not been completed.
Although toxicity test results are complete, aJI of the chemical analyses are not.
Therefore, toxicity test results are described, but the results for cheplical analysis and the
integration of chernic~ analysis with toxicity test results.is considered preliminary. The
results for each study and each typt? of analysis are discqssed if' tl1at ~ection~
Bay Monitoring
Organic Chemistry
For sediment samples from the Bay Monitoring surveys, PAH c;:oncentr~qons
ranged from 81 to 6300 nglg with a median value of 81Q nglg. A r~vjew of
PAH residue data previously obtained from San Francisco ~ay by the Status
and Trends program of NOM (NOM, 1988) provided a mean (arithmeti~)
of about 2.5 ppm dry weight.
In almost all samples, the combustion profile dominated tile pep-oleum
profile. In only one of the pumb~~on Bridge samples anq one of the
Redwood creek samples did most of ~h¢ PAHs derive from petroJeum r~tJler
than combustion sources. Cpmbusqoll resi,dues derive prim~rily from tRe
~trnosphere (the principalloc;al ~ourc~.is probably automobile exhClust) and
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surface runoff during rainstorms. PAH residues that derive from petroleum
and petroleum products are generally from spiJ]s, those released into
disposal systems and as components of surface runoff.
Metals Chemistry
In general, distributions of the chemicals measured could be classified into
two principal groups. These were 1) the elements which show some
anthropogenic enrichment in some locations (Ag, Cd, Cu, Pb, and Zn) and
2) those with less pronounced perturbations (Co, Cr, Ni, and V). This was
true for both Bay and Critical Habitat surveys.
All trace elements, except V, showed a significant difference with season at
several stations. However, when stations were pooled there was no
significant difference between seasons.
In order to evaluate the potential for toxicity based on sediment chemistry,
trace element concentrations were compared to concentrations which caused
toxic effects in previous studies and the enrichment of the element relative .
to its natural abundance. The Effects Range-Low (ER-L) and Effects RangeMedian (ER-M) values of Long and Morgan (1990) are presented to provide
a basis for evaluating the potential adverse effects of contamination. The
average continental crustal abundance (CA) of each element (Lof, 1987) has
been included to provide a measure of the enrichment or depletion of each
element relative to its average natural concentration. Figures 5-12 show
concentrations of trace elements (Ag, Cd, Cr, Cu, Ni, Pb, and Zn) measured
in the Bay Monitoring runs along with ER-L, ER-M and CA values. Table
4 j))ustrates the mean, standard deviation, median, maximum and minimum
concentrations for trace elements in the Bay Monitoring surveys.
The ER-L value of 35 ppm lead was exceeded by stations BB31 (Oyster
Point), BD20 (petaluma River), and BD51 and BD52 (Napa River) during
both wet and dry monitoring runs. Lead concentrations in sediments at .
BCSO (Stauffer) exceeded the ER-L during the wet weather run. BC10
(Yerba Buena Island), BC30 (Richardson Bay), BD40 (Davis Point), BD30
(point Pinole), BF10 (pacheco Creek) and BF20 (Grizzly Bay) exceeded the
ER';L during the dry weather sampling. The highest concentration of lead
in the .. bay sediments was at Davis Point (BD40), where the lead
concentration was equal to the ER-M of 110 ppm.
Most stations which exceeded the ER-L values for lead also exceeded the
ER-L values for zinc. This is reflected by the highly significant correlation
between lead and zinc concentrations. Sediment concentrations of zinc and
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lead in San Francisco Bay are greater than their average crustal abundances.
Only Davis Point had silver concentrations which exceeded its ER-L value
of 1 ppm. But, all stations sampled were enriched with respect to the
average crustal abundance of silver, some as much as ten-fold.
The only station that exceeded the ER-L value for copper was a boat yard
in Richardson Bay (BC30). Copper concentrations were four times higher
than samples collected outside of the boat yard (BC31) during wet weather.
These concentrations appear to be due to contamination of sediments due
to boat yard activities.
None of the Bay sediments exceeded the ERL for cadmium (5 ppm). That
value is 50 .times greater than the .average crustal abundance of cadmium.
The ERL for chromium was exceeded at many stations and the ER-M for
nickel was exceeded in sediments at every station. The ER-M for nickel is
much higher than its average crustal abundance.
The chemical concentrations of replicate samples collected from each
homogenate were highly precise. This indicates that the homogenization
of composite samples at each station was successful.
Toxicity Tests
Ampbipod tests - Due· to sporadic toxicity in the fine grain reference
sediment, it was difficult to determine what actually constituted a toxic
response. In the dry weather Bay Monitoring survey the reference site was
not significantly different than the controls but in the wet weather survey
it was. Con.tractors statistically compared test sediment to both home and
reference sediment (Table 5). This approach makes sense except that some
of the response of the organisms in test sediment, when statistically
compared to home sediment due to the lack of an adequate reference
In this
sediment, may be due to fine grain size rather than toxicity.
summary, since these data are being used to identify toxic hot spots, a
consistent 25% effect level compared to home sediment will be used to
identify stations that were toxic. This issue is more thoroughly discussed
in the Recommendations for Future Studies section.
In the"August 1991 dry weather Bay Monitoring survey, stations that
showed a 25% reduction in survival compared to home sediment included:
BA20 - Extrem'e South Bay
BA30 - Dumbarton Bridge
BA40 - Redwood Creek
BB31 - Oyster Point Marina
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BC30 - Richardson Bay, Anderson's Boat Yard
B020 - Petaluma River, Lt. 18
B051 - Napa River, West Bank, Mare Island
BF10 - Pacheco Creek
BF20 - Grizzly Bay
These stations were the same stations that had significantly less survival
than both the home and reference sediment in statistical tests.
In the April wet weather Bay Monitoring survey stations showing a 25%
reduction compared to home sediment included:
BA20 - Extreme South Bay
BA30 - Oumbarton Bridge
BA40 - Red wood Creek
BB31 - Oyster Point Marina
BC31 - Richardson Bay, outside channel
BCSO - Staufer
B020 - Petaluma River, Lt. 18
BD52 - Napa River, East Bank, Vallejo
BF20 - Grizzly Bay
BG21 - Sacramento River in Sherman Lake
These stations and BF10 (Pacheco Creek) and Bel0 (Yerba Buena Island)
had significantly less survival than home sediment in statistical tests.
In addition, Rhepoxinius was exposed to sediment from BA20, BA40, BB30,
BC30, BC50 and B040 for the dry weather run. Using the same method
that was used for Eohaustaurius to determine toxicity, only BA20, Extreme
South Bay, was toxic. This was also the only station with significantly
reduced survival compared with both the reference site and controls (Table
6).
Grain size was significantly correlated to survival for Eohaustaurius but not
for Rhepoxjnjus. However, grain size may not be all that is directly
effecting the amphipods. Sediment with larger grain size probably also has
a lower concentration of contaminants. Ammonia did not exceed 6 ppm in
any test, therefore, it is not expected that ammonia contributed to toxicity.
Differences in survival were not significant for tests run with sediments
collected in the wet weather versus those collected in the dry weather run..
This is consistent with the results of chemical analysis, which showed no
significa'nt differences in trace metal concentrations between pooled wet
and dry weather samples.
Daphnia Test - The Daphnia test was run on samples from stations BG2.1
and BG3). There was no significant difference in reproduction when
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compared to sediment from Lake Mendocino, the freshwater reference site
(Table 7).
Bjvalve Larvae Tests - For the August 1991 dry weather run, BA40
(Redwood Creek) and BF 10 (pacheco Creek) were significantly different
than seawater controls. Reference sediments were not tested at the same
time as test sediments for this run. For the April 1992 wet weather run
BD20 (petaluma River,Lt. 18), BG21 (Sacramento river at Sherman Lake) and
BG32 (San Joaquin River at Kimball Island) were significantly different than
both the seawater control and the reference sediment. See Table 8 for the
means and standard deviations at each station.
Menidja Tests - The Menjdia test was only performed on sediments
collected in the August 1991 monitoring run. There were no samples that
were significantly different than either the seawater controls or the
reference sediment (Table 8b). This test was dropped from the April 1992
monitoring run because of its lack of sensitivity.
Critical Habitat Investigations
Organic Chemistry
In the sediment samples from this part of the study PAH concentrations
ranged from 35 to 9,100 nglg, with a median of 1,200.
Higher
concentrations in these areas may reflect both proximity to runoff input
sources and higher organic carbon/silt levels.
Metals Chemistry
Figures 13-21 show concentrations of trace elements (Ag, Cd, Cr, Cu, Ni, Pb,
and Zn) measured in the Critical Habitat surveys along with ER-L, ER-M
and CA values. By far the highest metals concentrations were found at
Peyton Slough (MF22). The concentration of copper in this sample
exceeded the TILC (2.5 glkg). Th~ concentration of zinc (4.39 glkg)
approached the TILC (5.0 glkg). The concentration of cadmium was the
highest found in the entire study (19.51 mglkg). All of these concentrations
far exceed the ER-M for these metals. Yet, there were no toxic effects in the
bivalve larvae test, a test that is particularly sensitive to metals. In the
amphipod test, although there was significant toxicity, survival was 60%.
This illustrates the importance of being able to estimate the bioavailable
fraction of metals. Additional analysis is being conducted on this sample.
Historically the site was used for copper slag. See the Recommendations
section for a further discussio.n of this issue.
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Sediments from San Leandro Bay (MBll) and Cordinices Creek were above
the ER-M levels for lead (110 ppm) and zinc (260 ppm), as well as the ER-L
for copper (70 ppm). Sediments from Cordinices Creek also exceeded the
ER-L value for silver (1 ppm). Silva Island Marsh (MC61) exceeded the ERM value for lead and the ER-L value for zinc. Emeryville Marsh exceeded
the ER-M value for zinc and the ER-L value for lead. AIl of these samples
were collected near urban storm drains.
In Tomales Bay, sediment concentrations exceeded the ER-M value for
chromium (BOppm) and the ER-L value for nickel (SO ppm). In fact, the
chromium and nickel concentrations of sediments in Tomales Bay were the
highest in the entire data set. Yet, chromium concentrations were below
the average crustal abundance. Serpentine deposits in the area may
account for elevated levels of chromium and nickel, although almost all
sediments sampled in the RMP exceeded the ER-M for nickel (Fig.3-A-4 and
Fig.3-B-4). The ER-M for nickel is well below its average crustal abundance.
Toxicity Tests
Amphipod Tests - In two out of the four marsh surveys, survival in the
reference sediment was poor. Therefore, the same method for reporting
toxicity as was used in the Bay Monitoring runs will be used for the Critical
Habitat Surveys. Table 9 shows mean survival and statistical analysis for
each station, comparing results from each station to both the home and
reference sediment.
Stations showing a 25% reduction in survival compared to home sediment
included:
MFIO - Boynton Slough Cl
MFll - Boynton Slough C3
MF12 - Boynton Slough C4
MF20 - Hill Slough, below bridge
MF21 - Hill Slough, above bridge
MF22 - Peyton Slough, back end of slough
MD31 - Tolay Creek mouth
MD32 - Napa Slough at bridge
MD33 - Sonoma Creek at Tubbs
MD34 - Sonoma Creek at bridge
MC30 - Emeryville Marsh at EBMUD storm drain
MCSO - Corte Madera Marsh Sof Industrial Rd.
MD20 - Gallinas Cr. at John F. McInnis County Park
MD21 - Novato Creek at Lock
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Regression analysis indicated that the percent sand of s~mples from critical
habitat sediments accounted for litUeof the variability in survival for the
Eohaustaurius tests.
Daphnia Test - The Daphnia test was run on stations MFI0 (Boynton
Slough Cl), MFll (Boynton Slough C3), MF20 (Hill Slough, below bridge)
and MF21 (Hill Slough, above bridge). The only station that showed a
significant decrease compared to reference sediment, which had high
reproduction, was MF20. The Daphnia test was less sensitive than the
amphipod test in detecting toxicity.
Bivalve Larvae, Meriidia and Atherinops Tests - Results for these three tests
are summarized in Table lOa and lOb. The reference sediment was toxic in
two out of the four marsh runs for the bivalve larvae test. These were the
same samples that were toxic in the amphipod test. Since the runs where
the reference site was toxic were the only runs where test sample toxicity
was observed, only samples that were significantly more toxic than seawater
controls will be listed. These stations for the bivalve test are:
MFI0 - Boynton Slough, Cl
MF11 - Boynton Slough, C3
MFl2 - Boynton Slough, C4
MF13 - Chadboume Slough, CR2
MF23 - Peyton Slough, mouth of slough·
MOlD - Miller Creek atlas Gallinas discharge
MDII - Miller Creek upstream from discharge at fence
MC61 - Silva Island Marsh at Seminary Dr, storm drain
MF20 and MF21 were not tested.
The only sample that was toxic to Menidia. besides the Lake Mendocino
reference sediment, was MC61 (Silva Island Marsh at Seminary Dr. storm
drain), Atherinops was used to test for toxicity on the 8 Suisun Marsh
stations. Only MF2l (Hill Slough, above bridge) was toxic to this species, .
Due to the general insensitivity of the elutriate fish tests they were dropped
from the final Bay Monitoring survey.

Gradient Study
Organic Chemistry
The highest concentrations of PAHs in the entire Regional Monitoring
Program were measured in Castro Cove. At the station closest to the
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source, PAH concentrations were 21 and 8.4 ppm, geometric means, in deep
and shallow sediments, respectively. At the intermediate stations the
geometric mean total PAHs in deeper sediments were 1.1 and 0.9 ppm, and
at the Point Pinole Pilings (PPP) station, the station farthest from the source,
concentrations were 0.6 and 0.9 in deep and shallow sediments respectively.
With the exception of PPP, the PAHs in the Castro Cove stations derived
principally from petroleum, and were associated with complex mixtures of
other petroleum hydrocarbons. The "fingerprint" of PAH compounds in the
surface sediments at PPP was the typical combustion profile characteristic
of most areas of San Francisco Bay.
In the gradient study, contaminant variables were highly and significantly
correlated with each other, and with related variables such as the organic
carbon and nitrogen content. Thus mortality in the amphipod test was
significantly correlated with all of the contaminant variables measured.
Development of. oyster larvae in the elutriates, however, was most
significantly associated with the organic carbon and nitrogen content of the
sediments, rather than with the contaminants, suggesting that variables
such as small particulate material in the elutriate might be contributing to
the measured effects.
Metals Chemistry
Concentrations of trace metals in pore waters collected for the gradient are
displayed in Table 11. Concentrations of trace metals in sediments are
displayed in Table 12. Comparisons of bulk aqua regia extractable
concentrations of trace metals in sediments were poor predictors of pore
water concentrations. Dilute acid leach extractions, which are not yet
completed, may provide a better measurement of the '1abile" concentration
of particulate metals.
Toxicity Tests
Ampbipod Tests· Three types of arnphipod tests were conducted in the
gradient study that were described in the Study Design. They were: 1) the
standard amphipod test using Eohaustaurius. 2) a test exposing
Eohaustaurius to sediment in cores that were used for sediment collection
and 3) an experiment with dilutions of Castro Cove and Carr Inlet sediment
usingRhepoxinius and Eohaustaurius at two different salinities.
For the standard amphipod toxicity test, results yield evidence of a toxicity
gradient related to chemical concentrations. Toxicity and chemistry did not
show a distance gradient except that the least toxicity was observed at the
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station farthest from the source and the greatest toxicity was observed
closest to the source. In the middle stations hydrodynamics and possibly
dredging may have mixed sedim~nts in a way that the toxicity, and
chemistry of the two middle stations were reversed. Trace metal assays for
chromium, zinc, copper, nickel, lead, cadmium, and silver were highest in
the station closest to the source. Conversely, the lowest trace metal
concentrations were in the deep core farthest from the source, the only
station to not differ significantly from the controls. In general, the ranking
of toxicity from most toxic to least toxic for this test was: GOlO deep, G020
shallow (both of these station were closet to the outfa))), G023, GOl2 (ppp
shallow), G011 and G02l (which showed no difference between the
shallow and deep at the same station), and GOll (pPP deep). Statistical
tests have not yet been done to determine if stations differed significantly
from each other.
All stations except PPP (deep) differed significantly from the control.
Variance among field replicates was low. Regression analysis indicated that
toxicity was significantly correlated with (most metals), PAHs, total organic
carbon (TO C) and grain size. Particle size of the sediments is critical in
determining toxicity not only because of its mechanical effect on burrowing
ability but also effects on contaminant and TOe concentration and
bioavaiJability.
The amphipod tests using sampling cores showed the same trend although
they seemed to show less sensitivity. Amphipod mortality was 5% in
samples of home sediment tested in core tubes. These results from negative
controls indicate the suitability of the core tubes as test containers. Intact
cores from PPPP, the gradient reference site, showed 29% mortality, while
the two Castro Cove stations tested (GDl0/20 and GOn/21), with this
method, had 50% and 54% mortality respectively.
The range of concentrations tested for Castro Cove sediment (100%, 80%,
60%,40%,20% and 0%) was too broad to establish a strong dose response.
Over 80% mortality occurred in the first dilution (20% Castro Cove). .
However, salinity did not have an impact on the survival of Eohaustaurius.
Survival was almost identical at salinities of 10 and 25 ppt. Rhepoxjnius did
not test well and exhibited unsatisfactory survival (56%) in the Carr Inlet
control.
Bivalve Larvae Test (elutriate and "!JIe water). There was a significant
difference in toxicity between the pore water and elutriate samples in the
deep cores (P=O.OOOl) and a notable difference in toxicity between the pore
water and elutriate samples in the shallow layer samples (Table 13). Pore
water samples detected significant toxicity at 4 of the 5 Castro Cove stations.
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By comparison, elutriate samples found only one station (GD20) to be
significantly more toxic than the reference station (PPP), and this was only
in the deep station. These results suggest that pore water tests were more
sensitive than elutriates in detecting sediment tmdcity, consistent with the
fact that elutriates are more dilute fractions of the sediment than pore
waters.

Deep cores were more toxic than shaUow cores, perhaps indicating that
recent deposits are less contaminated with substances toxic to the test
organisms. Using the results from deep cores, both elutriate and pore water
tests were able to distinguish a statistical difference between stations.
For these tests, variability among field replicates was greater than variability
among laboratory replicates. Perhaps more effort should go in to field
replication than laboratory replication. For these tests only three laboratory
replicates were used.
Oyster pore water toxicity test results were not correlated with pore water
ammonia concentrations. In the beginning of the study there was concern
about the possible effects of ammonia on- pore water toxicity test results,
especially in the deep cores. Neither ammonia or hydrogen sulfide seemed
to be a problem in the pore water tests.
Oyster pore water toxicity test results were significantly correlated with the
results of amphipod solid phase tests, and very significantly correlated with
results of sea urchin embryo development in pore waters. They were not
correlated with sea urchin fertilization test results.
Toxicity results from elutriate samples, but not pore water samples, were
significantly correlated with grain size. There may be a physical effect of
fine grain particles in the e1utriate.
Sea urchin tests (pore water) - No differences in fertilization success were
observed when comparing deep core samples, however, the two shaJIow .
layer samples tested (GOlO and GOl2-PPP) were both significantly more
toxic than the deep samples taken at the same station. The Carr Inlet
control was not used in any of the statistical tests because high toxicity was
observed in the fuJI core sample. This was also observed in the bivalve
larvae test.
The responses observed with the sea urchin development assay contrast
with those observed using the fertilization assay. For the development
assay, highly significant differences in toxicity of fun core samples were
observed among stations. When the means of the field replicates for G020,
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G021 and G023 were compared to the mean of the field replicates for PPP
all stations were significantly more toxic than PPP. For this test the shallow
layer samples were not significantly more toxic than the deep samples,in
fact, one deep sample was more toxic ~han the shallow.
Additional data were obtained by scoring 25% and 50% dilutions of one
laboratory replicate for each field replicate for the deep core samples.
Results showed that their order of toxicity from most toxic to least, based
on ECSO values and 95% confidence intervals was: 1) GD23, 2) CD20 and
C021 and 3) CD22 - PPP the least toxic. Field variability was also
characterized using this method. For the deep core samples, coefficients of
variation ranged from 15% for GD20 to. 50% for GD22 - PPP. However, the
PPP value is especiany high because of one anomalous field replicate.

It should be noted that an unusual response was observed in aJl of the
samples in which development was scored: the hatching of gastrula had not
occurred normally. For the purposes of this study only, they were
considered normal' embryos. StiJI, the sea urchin development data
demonstrated exceJlent concordance with the oyster development data. For
both tests, CD20, GD21 and GD23 samples elicited almost 100% abnormal
embryos: whereas PPP only elicited moderate toxicity. For aU echinoderm
stuclies, as with other pore water sttJdies, water quality parameters were in
acceptable ranges, including measurements of ammonia.
Sea urchin cytology and cytogenetic data are stiJl preliminary. However,
they indicate that the Castro Cove gradient stations did not exhibit high
genotoxic potential but that cytologic aberrations may reflect the potential
for cytotoxic effects at the site.
-Bacterial Mutagenesis (pore water:)- Of the samples ,tested there were two
that elicited mutagenic activity. Both of the samples that tested positive
were ·from theGD23 deep core group of extracts.
Nematode Broodsjze and Mutagen~sjs (pore water:) - ·Re$ultsof this :;tes;t .
inclicate that some pore water s~mples may 'besJightly ,toxic .tothe
nematode but that the substanc~scausing toxicity .were nothigh.ly
mutagenic.
lBenthic Community Analysis

i1.XlI stations were moderately similar,in species richness (nllm'Per .of ,t~xa),
,with the ,highest diversity at station CD23 !(29 taxa) and the lowest at "the
'stanon closest to·the sourGe,{-161ta~~}. Faunal assemblages were simHar:for
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all stations, with one or two species dominant in each of the three major
taxonomic groups; crustaceans, polycheates, and bivalves. Crustaceans were
by far the numerically most important group for all stations. These samples
were not collected synoptically with the other samples but were collected
two weeks later.

Recommendations For Future Studies
During the performance of the sediment studies and the analysis of data it became
apparent that there were several areas that needed further study in order truly identify
a toxic hot spot and to develop meaningful sediment quality criteria:
]. In this study and in others conducted by the Regional Board several sites with
no or few sources of contamination and low chemical concentrations exhibited
high levels of effects in toxicity tests. This occurred in both the amphipod and the
bivalve larvae tests. Sites where this occurred were Tomales Bay, Drakes Estero
and Bolinas Lagoon. In order to truly identify a toxic hot spot the cause of the
effects (mortality or abnormality) in these areas should be ascertained. This could
be done with sediment Toxicity Identification Evaluations and positive interference
studies.
2. A fine grain reference site needs to be identified in order to have a "clean"
sample with the same characteristics (grain size, TOe) as the test sediments for
statistical comparison. Investigators in other areas of the country are also finding
significant effects at "clean" reference sites. Although finding a reference site that
does not produce significant effects is the preferable approach, if this is not
possible, a different approach needs to be considered by the Bay Protection
Program in defining what actually constitutes a significant effect. This is
particularly important for the amphipod test.
Another approach may be to use the reference sediment for comparison, when
there is no significant difference between home sediment and reference sediment.
When there is a difference, a 25% decrease in survival between home sediment
and test sediment could be used. Fine grain sediment usually does not account for
more than ]0-]5% mortality (personal communication with Ted DeWitt).
Unfortunately, this provides an inconsistent evaluation of what constitutes
"toxicity". Other possible options may be to use an alternative methods based on
quantitatively determining the effect of fine grain sediment on the species of
amphipods being used in tests, pooling reference site data or making a decision
considering the impact of fine grain sediment and potential environmental impact.
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3. Methods for determining the bioavailable fraction of metals in a sample should
be evaluated~ This issue became particularly apparent in the Peyton Slough
sediment sample. In this sample copper exceeded hazardous waste levels and zinc
approached those levels and yet there was no toxicity in the bivalve larvae test and
60% survival in the amphipod test. Digestion for total metals was used for these
measurements. Since acid volatile sulfides have only been found to be useful for
cadmium, other methods such as a weak acid leach or just measuring the fine
grain portion of the sediment should be tested. Toxicity tests should be conducted
and metal concentrations should be measured by these three methods plus total
metals concentrations.
.

·it

4. Several areas dealing with sampling need to be better addressed. Depth of
sample should be better evaluated. The sample depth may be station or area
specific. It should be based on the depth that contaminants in sediment may be
bioavailable. The artifacts of homogenizing sediment that contain a high sulfide
layer should also be considered. Power analyses should also be conducted to
determine the optimal amount of grabs in a composite .sample. In addition,
statistical analyses should be performed to determine if more effort should be
going in to field replication and less in to laboratory replication.
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BIOACCUMULAnON
Study Design
The purposes of the bioaccumuJation study were to 1) describe the distribution of trace
metals and organics in organisms in the San Francisco Estuary, 2) determine the
differences in contaminants in organisms collected in wet and dry seasons, 3) determine
the differences between mussels transplanted to shallow and deep water column depths
at the same station, 4) determine the effect of depurating sediment from the guts of
organisms on the contaminant levels in the whole bodies, 5) determine the optimum
length of exposure for transplant organisms and 6) determine the differences in uptake
in three species, each with their own salinity tolerances.
Shellfish were deployed at eight stations, two in the Sacramento - San Joaquin River
Delta, two in San Pablo Bay, one in Central San Francisco Bay and three in the South Bay
(Figure 22). The project was conducted in two phases; once during the dry season
(initiated on 4/1/91) and once during the wet season (initiated on 12/16/91). The species
tested was mostly Mytilus californianus. Freshwater clams (Corbicula sp.) and oysters
(Crassostrea ~) were also deployed at more freshwater stations because of their
tolerance to low salinity waters. However, during one season clams deployed in the
Sacramento River were lost and during the other season clams deployed in the San
Joaquin River were lost This limited the amount of data for Corbicula.
At several stations uptake rates were compared between oysters and mussels. Mytilus
was transplanted for 30, 60, 90 and 120 days. All other shellfish were transplanted for 90
days. At two sites during the dry season and three sites during the wet season the effect
of depuration on mussels was tested by depurating half the organisms. The effect of
depth of deployment was tested by deploying mussels at two depths, surface and one
meter off the bottom, at three stations. Chemical analysis of tissue samples included
analysis for metals, PCBs, DDTs and PAHs.
Methods
Experimental mussels were collected with stainless steel knives at Bodega Head,
California, and were handled with polyethylene gloved hands. Phase I (wet weather)
oysters were collected at Drakes Bay, California by Johnsons Oyster Company. Phase 1I
(dry weather) oysters were collected by Ted Keiper ofthe Mad River Oyster Company in
Humboldt Bay, California. Control samples were taken at the time of collection to serve
as baseline indicators. Control samples were frozen within 12 hours of collection and
stored for later analysis. In addition, field blanks were also collected and handled in an
identical manner to transplanted specimens but were not deployed. Transplan~ed
bivalves were placed in mesh bags and transported in coolers to transplant sites. After
exposures of 30,60, 90 or 120 days, the samples were collected and frozen at -10 C until
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dissection. Samples were thawed and dissected in a filtered air positive-pressure room
with stainless steel scalpels that had been tested for contamination (Stephenson et al.
1979). Detailed methodologies are found in Phi11ips (1988). All samples were
homogenized with a Brinkman Tis'sue Homogenizer equipped with a titanium shaft that
was cleaned with detergent, methanol and petroleum ether before each homogenization.
Levels of selenium, arsenic, silver, chromium, and lead were determined by GFAAS.
Copper, manganese, cadmium, and zinc were determined by FAAS. Dry weights were
used in the plots and statistics. Although lipid concentration was measured, data were
not normalized to lipid weight since this is usually not done for bivalve bioaccumuJation
studies (Phillips, 1980). Detection limits are given in the California State Mussel Watch
reports (e.g. Phillips, 1988).
The analytical procedure for organics followed that described by Macleod et al. (1985).
The extraction method involved a cleanup step with high pressure liquid chromatography
with analysis on Hewlett Packard HP 5890 for pesticides and PCBs and a Finigan Ion
Trap #ITD BOO for the PAHs. Detection limits for organics are also provided in Phillips
(1988).
ResuJ tslDiscussion
Since field blanks did not differ significantly from controls, field blank values were used
in all statistical comparisons. The results of statistical tests between field blanks and
· bivalves transplanted in San Francisco Bay are given in Table 14. They indicate that a
fairly high percentage of stations were significantly higher in metals than field blanks (35
to 78% in Phase 1- dry season and 71-86% in Phase II- wet season). The range is given
· since tests were performed on 30, 60 90, and 120 day transplants. The percentage of tests
that were significantly different increased directly with duration of exposure in. Phase I,
put no trend was apparent in Phase II (most metals were ele.vated after 30 days and
remained high). Since no field replicate analysis was conducted for organics, no statistical
analyses were performed.
Stations within San Francisco Bay were tested for $eographic trends. Stations were near· .
· channels in ~fferent basins of the Estuary. Ther~fore, trends were for general areas of
the Estuary and not for localized areas of contamination. The results of the statistical
. tests between stations indicate that, in general, stations in the southern end of the Bay
(Coyote Cr., Dumbarton Br., Redwood Cr.) were significantly different than the stations
in the northern enc;l.(pt. Pinole, Davis Pt.) or central part of the Bay (Treasure Island).
In Phase I the longer the transplant duration the greater the number of statistical tests
that were significant between stations. In Phase II no such trend existed. Further
resolution of differences was not increased by using different species, depurated mu§~els,
or mussels that were deployed near the bottom. An interesting exception was that oysters
were better than mussels in resolving differences between stations for z.inc.
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,Table 15 reports the mean values for Phase I and Phase II for the stations furthest south
(Coyote Cr. or Dumbarton), Treasure Island which is centrally located and receives the
most flushing, and the stations furthest away from the mouth of the Bay in the north
(Davis Point or Point Pinole), which should be reflective of contaminants from the
Sacramento-San Joaquin River Delta. Silver was much higher in the South and Central
Bays than in the North. There were no apparent trends for mercury, lead, cadmium or
zinc that could be statistically verified. There was some evidence of a trend of slightly
higher levels of selenium, and copper in North and/or Central Bay.
No replicate analyses were done on the organic levels in bivalves, so statistical tests could
not be performed. However, levels of most·of the organics (pCBs, DOTs and chJordanes)
were generally higher in the South Bay. The station at Coyote Creek was exceptionally
high in comparison to the control site or the other stations in the Bay. PAHs were
highest in the Central Bay but were also fairly high in the South Bay.
In comparing wet and dry seasons, there was no difference between Phase I and Phase
II mussels for any metals. In oysters, there were significant differences only in cadmium,
mercury and zinc levels at Coyote Creek. Since there was a drought during both
transplant periods there was not much difference in runoff between Phase I and Phase
II. A more interesting comparison would be between seasons when there is average or
above average rainfall.
In comparing samples deployed at different depths, there were no differences between
mussels deployed at shallow depths or ] m off the bottom in either Phase I or Phase II
for any metals.
A low percentage of metals were significantly different between depurated and
undepurated mussels. Most of the metals tested were not significantly different or were
only significantly different in one of the five stations on which this test was performed.
The exceptions were lead and selenium which differed in two to three tests of the five
performed. Selenium is particularly interesting since it differed significantly between
depurated and undepurated only during Phase I, indicating a possible flux of selenium
laden sediment during that period.
The ratios of concentrations of metals and organics for mussels and oysters is illustrated
in Table 16. The results indicate that there was a near one to one correspondence
between the species for chlordane, DDT and PCBs, but not for PAHs. The metals differed
greatly between species. Mussels accumulated more of some metals and oysters more of
others. This suggests that the two species cannot be used interchangeably for metals and
PAHs.
The duration of exposure was studied at 30, 60, 90 and 120 days and indicates thaf in
most cases mussels accumulate more contaminants with longer deployments (Table 17,
Figures 23-26). Cadmium is the exception in that the levels in mussel controls and field
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blanks from Bodega Head were higher than in any of the mussels after transplantation
to the Bay. In this study, an equilibrium appeared to be attained during the three and
four month transplants for copper, mercury, lead, selenium and possibly DDT. No
equiHbrium was obtained in mussels for silver and PCBs after 120 days. The sum of the
PAHs showed a rapid increase the first month ~nd a decrease or leveling off after 2
months. The patterns exhibited for DOTs, PCBs, and chlordanes were similar indicating
a similar source of these compounds. The transplant duration in future studies should
be as long as possible since silver, PCBs and possibly DDT did not approach equilibrium
over the 4 month interval of this experiment. If these contaminants are excluded then a
transplant interval of 3 to 4 months would be adequate. In the Mussel Watch program
mussels are deployed from 4 to 5 months. In order to compare stations a consistent time
period should be used.
In this study an unsuccessful attempt was made to deploy caged Macoma to measure
sediment uptake. An attempt was also made to collect potamocorbula. Further studies
should be made with Potamocorbula to evaluate its utility as a biomonitoring tool since
it has a wide salinity tolerance.
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WATER COLUMN
Study Design
Bay Monitoring Surveys
The primary objective of the water column portion of the Bay Monitoring
Surveys was to assess the current water quality of the San Francisco BayDelta and the Sacramento and San Joaquin Rivers in comparison to the
chemical specific and toxicity water quality objectives established in the
Bays and Estuaries Plan and Inland Surface Water Plan (SWRCB 1991 a,b).
Organic chemical analysis and chronic toxicity tests were performed on
water samples collected throughout the Estuary to determine if objectives
were being met.
Organic contaminants were measured in the water column in order to 1)
evaluate concentrations of specific constituents for compliance with the
Statewide Plan's water quality objectives, 2) start generating data so that
long-term trends can be determined, 3) identify areas of high organic
contaminant concentrations or hotspots, 4) accumulate data for application
in bay wide pollutant fate and transport models, and 5) provide information
for the interpretation of chronic toxicity testing of ambient waters. Water
samples were collected using an onboard pumping system separating the
particulate and dissolved fractions. Samples were collected at 15 stations
goegraphically distributed throughout the Estuary on two separate
occasions crune 1991 and April 1992).
The objectives for chronic toxicity testing were similar to those for organic
contaminants~ Samples were collected from 12 of the 15 stations for toxicity
testing. Two different species were used for toxicity testing:
Strongy1centrotus sp. (sea urchin) and Menjdja beryJljna (silverside fish).
Critical Habitat Investigations
Toxicity tests were performed on samples collected from critical habitats (i.e.
wetlands) that received the discharge of treated wastewater or stormwater
runoff. Stormwater investigations related toxicity in wetlands to storm
intensity.

33

Methods
Organic Chemistry
Organic contaminant sampling was accomplished using an onboard
pumping system. Water was pumped by a Teflon impe)]er pump through
a 3/4 inch Teflon tubing to a filter holder with a glass fiber filter with a
rated pore size of 0.3 um. Filters were changed whenever the flow rate
began to fall off, typically every 20 liters in San Francisco Bay. Water was
then passed through four pol}'1,lrethane .plugs mounted in series.
Approximately 100 liters were passed through the sampling system at each
station. The polyurethane plugs were exhaustively cleaned in the laboratory
prior to field sampling by soxhlet-extraction, a minimum of three days with
2:1 hexane:acetone and a minimum of three days with methanol. The plugs
were then sealed in teflon bags for transport to the field. The remaining
sampling equipment was rinsed with methanol prior to use.in the field. The
system was transported to the field in a closed state to prevent
contamination.
Custom-built soxhlet extraction units were used to extract the organics from
both plugs and filters; an acetone extraction is followed by hexane. Water
was removed by partitioning into hexane in a separatory funnel; extracts
were reduced to 1-2 ml for cleanup with florisil-<olumn chromatography.
Florisil was activated at 650 degrees centigrade for 4 hours and deactivated
with 0.5% water. The column (18 grams florisil) was eluted with hexane
(volume sufficient to elute p,p' - 0011, 30% methylene chloride in hexane
(volume sufficient to elute p,p'- DDT but not dieldrin, and 50% methylene
chloride in hexane (volume sufficient to elute dieldrin).
Extract volumes were concentrated to approximately 0.1 • 1.0 ml and
·analyzed by both electron capture gas chromatography and mass
spectroscopy (Varian 3400 autosaJ11pler). The STAR data system of the GC
converts the analogue signals to integrated areas, which are compared with
those of authentic standards eluting at the same retention time, and .
produces a report with compound names and amounts in picograms. The
data system of the GC/MS identifies compounds based on a combination of
retention times and spectral characteristics and also reports compounds
identified, and the amounts in nanogram or picograms of each. Both report
files ar~ converted to an ASCII format, in which they can be read into the
.
.
.
data ril~magement system.
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Toxicity Tests
Toxicity tests were generally conducted according to EPA and ASTM
protocols. Modification or deviation from protocols are documented in the
Quality Assurance Project Plan developed by the contractor and approved
by the Regional Board's Quality Assurance Officer.
Different test organisms were used in each survey depending on seasonal
availability and salinity of the ambient waters. Each toxicity test had
varying endpoints ranging from mortality to inhibition in growth or
reproduction. A summary of each survey and test organism is presented
below.
Toxicity tests used in the Bay Monitoring Surveys were the larval fish
growth and survival test using Menidia beryJlina (silverside minnow) and
the sea urchin fertilization assay using Strongylocentrotus purpuratus. The
silverside minnow test involved exposing 7-9 day old fish to test solutions.
Seawater collected from the Bodega Marine Laboratory was used as a
seawater control and Arrowhead Spring water with artifical salts was used
as a salinity-adjustment control. The test duration for the silverside minnow
was 7 days. Statistical comparison are made between the control survival
and growth and the test solutions. The sea urchin test involves exposing
sperm to the test solution and then adding eggs to examine fertilization
success. The test duration was approximately 40 minutes. The same control
waters were used in the sea urchin test.
The Critical Habitat Investigations employed a number of different toxicity
tests depending on the salinity of the water being tested. In water samples
with higher salinities, marine tests using the silverside minnow, sea urchin,
mussel development assay (Mytlius sp.), and mysid survival assay
(Mysidopsis bahia) were performed. Freshwater tests included the water flea
survival and reproduction assay (Ceriodaphnia dubja), the fathead minnow
larval growth assay (pjmephales promelas), and algal growth assay
(Selenastrum).
ResultslDiscussion
Bay Monitoring Surveys
The organic chemistry results from the bay surveys are not currently
available. It is anticipated that the results will be available in January 1993.
Toxicity testing indicated statistically significant toxicity during the J~!:,e
1991 survey. Menidia survival was statistically different than controls at
station BF30 (Port Chicago). Sea urchin fertilization was inhibited at BA40
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(Redwood Creek). On other assay or station exhibited significant toxicity.
No significant toxicity, using the same tests, was observed in the April 1992
survey.
Critical Habitat Investigations
The results of toxicity screening in the two critical habitat systems indicated
that Ceriodaphnja dubja is the preferable test organism for evaluating
effects of stormwater discharges. This conclusion is supported by the
monitoring results generated by the Santa Oara and Alameda Counties
stormwater monitoring programs, in which the incidence of response of
Ceriodaphnia was much higher than that of Pinephales promeJas or
Selenastrum. The most useful measure in the Ceriodaphnia test 'was
mortality as expressed by the median time to lethality (LTso).
The first storm occurring in October 1991 produced nearly 2 inches of rain,
effectively flushing the DUST system. Samples collected following the storm
event exhibited toxicity to Ceriodaphnia with generally low conductivity
values. A second storm in. November 1991 produced a horizontal
conductivity gradient in the DUST system. Toxicity and conductivity data
from these two events is depicted in Figure 27. Toxicity is expressed in time
units indicating the duration of exposure which caused mortality in 50% of
the test animals (median time to a LTso). Linear regression of the LT50
versus sampling site (dotted line) yielded a slope which was not
significantly different from zero (p=0.778) for the October storm and a slope
difference from zero (p=0.026) for the November storm. Toxicity and
conductivity correlations were r=0.75 and r=0.97 for the October and
November storms, respectively. The conductivity reflects the degree of
dilution and thus provides an indicator of the potential toxicity from
stormwater.
Another storm event in March 1992 demonstrated cessation of toxicity
. (Figure 28). Flow through the DUST system ceased three days after the
storm. At this time the water was still toxic and was retained in the creek .
and the debris basin. Four days later, no toxicity was detected in the debris'
basin (Station 5) nor was there any detected in the creek (Station 3). This
indicates that dissipation of toxicity could be related to toxicity-removal
. processes which may take place due to retention time.

.
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DATA MANAGEMENT
To manage the data for the entire RMP, EcoAnalysis Inc. developed a common format for
all laboratories participating in the program. This allowed data to be more easily
interpreted, analyzed and thoroughly checked for quality assurance. All laboratories in
the program were provided with consistent formats with QA programs integrated into the
data input system to insure accurate data entry. Data were generated at each of the
laboratories and sent to EcoAnalysis for review.
EcoAnalysis performed the following operations to combine and review the various
datasets: 1) data were extracted from the form received and read to SAS datasets for
quality assurance review, 2) data received were compared to master list of data collected,
3) data were reviewed for consistency in station designations (codes), station descriptions,
sampling dates, replicate designations and measurement units, 4) ranges of data values
were reviewed, 5) apparent outliers and missing data were checked with the respective
Principal Investigator and 6) when necessary, laboratory replicates were averaged.
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MAJOR ACCOMPLISHMENTS OF PROGRAM

1.

The Pilot Regional Monitoring Program evaluated techniques and protocols used
to measure chemical contamination, toxicity and bioaccumuJation in the Estuary.
As a result of this program, a $1.15 million Baseline Monitoring Program will be
started in the Estuary this year. Chemical contamination and toxicity in the water
column and sediment, and bioaccumulation in the water column will be
monitored. This will be a program that will measure longterm temporal and
spatial trends and act as the backbone and point of comparison for our Local
Effects Monitoring Programs.

2.

In the pilot RMP most of the marshes and mudflats in the Estuary were surveyed
for chemical contamination and toxicity.' Information was generated for vast areas
of critical habitats.
.

3.

Toxic hot spots were identified throughout the Bay and also in critical habitat
areas.

4.

A format was generated for data, and laboratories were trained to use these
formats, so that data could be easily checked for quality assurance, and integrated
for statistical analysis. Laboratories trained to use this system are those being used
for the statewide. Bay Protection Program. This provides· the first step in setting
up the statewide database.

5.

Data generated in this program can be combined with other data to generate
Apparent Effects Threshold (AE1) values for San Francisco Bay. These values will
be used to guide in the evaluation of sediment chemistry, for sediment cleanup
and for marsh restoration.

6.

Tectmiques were developed and protocols were evaluated that will be used in the
statewide Bay Protection Program. Problems that arose are currently being
-addressed by designing studies to identify fine grain reference sites, determining
the cause of toxicity in areas with no sources of contamination, refining toxicity
test protocols and determining the best technique to measure the bioavailabiJity
of metals.. In the long run this will make the program more scientifically rigorous
and provide more certainty in the final results of the program.
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PART II. WASTELOAD ALLOCATION STUDIES
Introduction
One of the tasks identified in the Bay Protection and Toxic Oeanup Program workplan
was the development of a wasteload allocation for South San Francisco Bay based on a
predictive water quality model. EPA requires wasteload allocations for water bodies
where water quality objectives are e"ceeded. The goal of a wasteload allocation is first,
to determine the maximum loading of pollutants to the water body which will result in
attainment of water quality objectives, and second, to allocate the total allowable load
among the e,osting sources, including point sources, nonpoint source, and background.
An important tool in developing wasteload allocations is a predictive water quality model,
which is a model of the fate and transport of pollutants. Many processes may affect the
fate or transport of pollutants including hydrodynamics, sediment dynamics, chemical
speciation, biological uptake, degradation and volatilization. In most aquatic systems
these processes are far too compIe" to simply measure. Predictive water quality models
attempt to integrate available data describing the system and use simplifying assumptions
where necessary to estimate resulting water quality conditions from different pollutant
loading scenarios. Model results can be used to identify possible wasteload allocations
and select the most reasonable alternative.
South San Francisco Bay
South San Francisco Bay has long been identified as an area of concern due to the
combination of the large volume of wastewater discharged by the cities of San Jose,
Sunnyvale and Palo Alto, and the limited amount of flushing flows due to low fresh
water inflows. Improved treatment over the past two decades has resolved some of the
problems associated with waste discharge such as low o"ygen levels and eutrophication.
Current concerns are focused on 'the impacts of to,oc pollutants. South San Francisco Bay
south of Dumbarton Bridge was listed by both the State ofCalifomia and the US EPA on .
the Oean Water Act Section 3040) list of water bodies impacted by to"ic pollutants from
point source discharges. The tmac pollutants that were identified were cadmium, copper,
lead, mercury, nickel, selenium and silver.
Due to the history of concern, South Bay has been e"tensively studied and water quality
data for this area are more complete than for most other parts of the Bay. However, there
are still significant limitations to much of the data including lack of adequate detection
limits and low precision. In addition a high percentage of South Bay is sttallow or
intertidal, so that measurement of basic hydrodynamic variables such as currents or depth
is difficult or impossible.
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Approach
Model development has two distinct components: modelling of available data and
collectio~ of additional data to improve the model. These components are two parts of
an iterative process; data collection supports initial modeJling efforts which in tum serve
to define the most important data gaps. Once those gaps are filled, a more sophisticated
model can be developed. Therefore, a phased approach to the wasteload allocation has
been undertaken. The first phase was data compilation and model development based
on existing data. Although the uncertainty of the initial model results was expected to
be great, it was hoped that the results would be useful in supporting Regional Board
regulatory actions limiting the discharge of pollutants to South Bay. Generalized models
can be useful in making such decisions, as long as the uncertainty associated with their
predictions is taken into account.
The second phase includes data collection to' address questions related to sediment
transport. The lack of understanding of the fate and transport of pollutants associated
with sediments has been identified as one of the greatest limitations in developing a
predictive water quality model. This phase also includes some hydrodynamic modelling
to improve the estimate of residence time for con~ervative substances in South Bay, and
to estimate the residence time of sediment particles.
"Phase 1
Scope
The first phase was to perform initial modelling based on available data. The work in
this phase was performed by EPA's Center for Exposure and Assessment Mod.el~ing. This
phase was funded by a grant from the San Francisco Estuary Project and State funds
previously earmarked for the was~eload allocation in addition to Bay Protection funds.
The purpose of the study was to develop a water quality model ~o examine the' fate and
transport of metals in the South Bay, and to recommend possiple wastelba4 iQlocations
based on the mod.el. A secondary goal was to identify the hig~'es"t prioritY data 'neecHrto
improve the ability to model the system.
" . . ".","
""
.,

The study included five major tasks:
"
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Review of available data
Nontidal (tidally averaged) water quality simulation
Tid'ciJ~water quality simulation
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Modelling of the partitionh:lg of metals between the dissolved an4 total phases~
Pre~c~oh of the results of reducing loa~rng of 'meta~s to South Bay;·j ·1 .;" .. ".
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The water quality model was initially intended to evaluate copper, lead and nickel.
Modelling of selenium and mercury is not feasible at this time because concentrations in
water that can cause problems are lower than commonly used detection limits. Copper,
lead, and nickel were identified as higher priority than cadmium, chromium, or silver
based on frequency of exceedance of water quality objectives or effluent limitations.
Initial model runs were better able to predict existing concentrations of copper than nickel
or lead. In addition, the water quality objective for copper is the most frequently
exceeded. For these reasons, most of the study focused on copper.
Methods
Water quality modelling was performed using the US EPA water quality model Water
Quality Analysis Program or WASP4. WASP4 is essentially the coding of a series of
equations based on the principle of conservation of mass. The water body is divided into
a series of segments, and a mass balance of the pollutant in each segment is calculated
based on physical transport into and out of the segment, and chemical or biological
transformation or accumulation within the segment. WASP4 has the ability to account
for sediments as a source or sink of pollutants.
Physical transport of pollutants is driven by hydrodynamics. The nontidal model takes
into account advective transport produced by the inflows from the three treatment plans
and from local runoff. All other circulation including wind and tidally driven currents
is accounted for in a dispersion factor. The purpose of the nontidal analysis is to describe
the large scale and long term behavior of the system.
The steps in the modelling process were as follows:
1.

Generate a computerized grid system describing South Bay as far north as the
Oakland Bay Bridge.

2.

Estimate the dispersion coefficient for each segment based on a previous study of
South Bay.

3.

Input loadings from point sources and stormwater. Parameters included flow, .
metals concentrations and suspended solids.

4.

Simulate suspended solids concentrations and calibrate with historical data.

5.

Simulate metals concentrations, and calibrate with recent water quality data.

For the tidal analysis, the two dimensional vertically averaged hydrodynamic and
sediment transport model SED2D was used to describe the variation in currents ove!_ the
tidal cycle. This model was linked to WASP4 to examine variation in water quality over
the tidal cycle.
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Partitioning of c:opper was modeled using the geochemical speciation model MlNTEQA2.
MINTEQA2 was used to predict partitioning of copper between the di.ssolved and total
phase for a variety of conditions. Typical partition coefficients were estimated for each
segment of the model. These partition coefficients were used as input parameters to the
WASP4 model.
.
Results
The final report from CEAM is due in December, 1992. This summary of results is based
on the draft report.
One of the greatest limitations in modelling the transport of metals was the lack of
knowledge concerning sediment transport. For this study, the assumption was made that,
on. an annual basis, South Bay south of Dumbarton is neither net depositional or net
erosional. Under this assumption, sediment .resuspension may affect water column
concentrations of pollutants, but sediment movement does not serve as a net transport
mechanism into or out of the South Bay. Because this assumption only seemed
reasonable as an average annual condition, the model predictions were limited to annual
average conditions. While ultimately the differences between wet weather and dry
weather conditions will be very important to understand, annual average conditions allow
us to address some important long term questions.
. The model was able to predict existing concentrations of total copper and nickel fairly
well. Predictions of lead concentrations were consistently too high and further
.assessment of lead was not .pursued. Comparison of two storm water1oadi~gconditions;
median of 1977 to 1989, and average of 1988-1990 .(drought .conditions) showed tha't
reduced stormwater loadings could decrease ambient concentrations by 1 ugIL or more
in South Bay.
.
An assessment of the response time showed that if all loads were ~removed, the time for
copper ,concentrations to be reduced by 50% ranges from '5 to 16years depending on Ithe

segment.
The contribution from 'point and non point sources both north and :50uth ,ofDumbarton .
to total copper concentrations south of Dumbarton was estimated. 'Nonpoint ,sources
south of Dumbarton were identified as accounting for the }greatest Jractien.
';

Copper concentrations resulting from reducing pollutant loadings from 'the treatment
plants aJ1d from .st0rn.' water were predicted. Results showed {that, ,even :in 'the ,scenario
with greatest ·redudions, (treatment ,plaf.\ts discharging at 29 '~glLand storm water
loading redll1cecll by 50%) copper concentrations in the 'furthest south segment'\would :be
greater than 'the water quality ,objective lof 4.9 u;g/L. However, this scenario-did ;show
significant reductions in c~pper concentration~, and 'since the 'model 'over-estiiiiafes
current cOr:lcentrations in the southernmost .part :dflthe Bay, predicted concentrations may
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be too great as well.
In summary, the quantitative model results have such a high degree of uncertainty that
they cannot be used in regulatory decisions. However, the qualitative results are very
useful in elucidating the relative importance of various sources of pollutants and the
response of the system. This information is currently being incorporated into a Regional
Board staff report supporting proposed mass loading reductions of copper to the Lower
and South Bay. In addition the model results provide a good overview of our current
understanding of pollutant transport in the South Bay and of topics where information
is lacking.
Phase 2
Scope
Phase 2 has two components, a data coIJection element and a hydrodynamic modelling
element. The purpose of the data collection is to characterize sediment resuspension by
collecting time series of suspended sediment concentrations at various locations in Lower
and South Bay. The suspended sediment data will be compared to wind, tide and delta
outflow data to identify the major factors influencing sediment movement. This task will
add to our understanding of sediment dynamics in South Bay to improve the basis of
future water quality modeling efforts.
The purpose of the hydrodynamic modeling is to estimate residence times for dissolved
substances under dry weather conditions, and to estimate how sediment residence times
are likely to differ from those of dissolved substances. These two estimates should
represent maximum and minimum residence times for pollutants. This information will
be useful in improving estimates of allowable loading levels of pollutants to South Bay.
The Phase 2 work is being conducted by the US Geological Survey in Sacramento. The
work is currently underway and will not be complete until June, 1994.
Methods
1.

Data Collection and Analysis

Time series of suspended sediment concentrations are being collected at three deep water
sites: San Mateo Bridge, Dumbarton Bridge, and Channel marker 17, south of Dumbarton.
Suspended sediment measurements are collected at 15 minute intervals by in situ optical
backscatter sensorS (OBS) connected to data loggers. OBSs were deployed at two depths,
mid-water and near-bottom. In addition, OBS sensors will be deployed for shorter time
period (about two weeks) in shallow water areas.
Every two weeks, data is collected, the aBS sensors are cleaned and calibration samples
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are collected at the location and depths of the OBSs. Calibration samples are analyzed
for total suspended sediment concentration and particle size distribution.
Suspended sediment data will be correlated with tide, wind, and fresh water inflow data,
to assess the relative importance of these factors in causing resuspension.
2. Hydrodynamic modelling
Hydrodynamic modelling will be conducted using a two dimensional model currently
under development by USGS. Estimates of residence times for dissolved substances will
include the effects of tidal mixing. The model has the ability to estimate residence times
for dissolved particles by tracking the path of a neutrally buoyant particle. To estimate
residence time of sediment particles, the computer code will be modified so that the
particle becomes stationary below a certain threshold velocity, when particles would be
expected to settle out.
Progress to Date
OBSs were deployed at San Mateo Bridge in December ]99] and at Channel Marker ]7
in February 1992. Due to difficulties in obtaining permits from CalTrans, the OBSs at
Dumbarton Bridge were not deployed until September 1992. All sites have been serviced
at two week intervals since their deployment. Calibration curves are being developed.
Initial data evaluation suggests that, during calm wind conditions and energetic tides,
sediment concentrations fluctuate with tides, with peaks occurring at low slack water.
This result is consistent with the hypothesis that sediment is resuspended in the shallows
by tidal currents and advected northward with the e~b tide.
The hydrodynamic modeling has riot been completed.
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Figure 1. Bay Run #1 station locations collected on August 26-28, 1991 with a

modified Gray-Ohare grab.
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Figure 2. Bay Run #2 station locations collected on March 30-April 1, 1992 with
a modified Gray-Ohare grab.
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Figure 5 : Ag Concentrations in SF Bay Sediments
~

Spring, 1992
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Figure 6 : Cd Concentrations in SF Bay Sediments
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Figure 7 : Cd Concentrations in SF Bay Sediments
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Figure 8 : Cr Concentrations in SF Bay Sediments
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figure 9 : Cu Concentrations in SF Bay Sediments
~

Spring, 1992
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Figure 10·: Ni Concentrations in SF Bay Sediments
~ Spring, 1992
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figure 11: IPb Concenirations
~ Spring, 1992
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Figure 12: Zn Concentrations in SF Bay Sediments
~ Spring, 1992
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Figure 13: Ag Concentrations in Bay Area Creeks and Marshes
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Figure 14: Cd Concentrations in Bay Area Creeks and Marshes
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Figure 15: Cd Concentrations in Bay Area Creeks and Marshes
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Figure 16: Cr Concentrations in Bay Area Creeks and Marshes
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Figure 17: Cu Concentrations in Bay Area Creeks and Marshes
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Figure 18: Cu Concentrations in Bay Area Creeks and Marshes
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figure 19: Nfi Concentrations in Bay Area Creeks and Marshes
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Figure 20: Rb Concentrations in Bay Area Creeks and Marshes
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Figure 21: Zn Concentrations in Bay Area Creeks and Marshes
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figure 27 : Spatial Distribution of toxicity and conductivity in the DUST System after a big
and a small storm.
Hollow circle, conductivity; full inverted triangle, LT50 as calculated by the graphical
method; dotted line, linear regression of LT50' vs sampling site. Resulting slopes of -1.4 with
std, err, of 4,54 for the October 1991 (2") storm, and a slope of 31,7 with std, err, of 9.2· {{)T
the November 1991 (0.2") storm.
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Figure 28: Survival of Ceriodaphnia in DUST System samples taken after the storm of March
14, 1992.
__
Five field-replicates in each station had S test animals each, with daily renewal and feedfug.
Survival in all control chambers was 100% at test termination, which was after 7 days except
for the test with March 15 samples.· Mean survival after 5-day exposure (Station S, full
diamonds) or 7-day exposure (Station 3, full circles) is presented.

Table 1. Bay Run #1 stations and corresponding data.

STATIONS·
STATION CODE
EXTREMESOLJTH BAY
BA20
DUMBARTa-J BRIDGE
BA30
REDWCX)() CREEK
BMO
OYSTER
POINT MARINA
BB31
ISLAND
YERBA
BUENA
BC10
RICHARDSON
BAY
BC30
STAUFFER
BC50
PETALUMA RIVER
B020
PiNOlE POINT
B030
DAVIS POINT
B040
NAPA RIVER (West bank Mare Island)
B051
PJlCHECO CREEK
BF10
GRIZZLY BAY
BF20
,,
SACRAMENTO RIVER (at Sherman Lake)
BG21
,
SAN JOAOUIN RIVER (south Kimball Is.)
BG31

~

1

f

I

\
I

I

\
J

I,

\
\

DATE
8/29/91
8/29/91
8/29/91
8/29/91
8/28/91
8/28/91
8/28/91
8/28/91
8/27/91

8/27/91
8/27/91

8/27/91
8/26/91
8/26/91
8/26/91

37
37
37
37
37
37
37
38
38
38
38
38
38
38
38

LAT
28 59
30 44
31 42
39 50
48 46
52 16
54 10
06 42
00 56
03 20
05 17
02 49
05 42
03 06
02 01

LONG
122 05 28
122 08 07
122 11 51
122 22 34
122 21 31
122 29 50
122 19 59
122 29 00
122 21 47
122 15 10
122 15 15
122 05 37
122 01 54
121 47 42
121 49 42

• GRABS
3
2
6
20
4
2
4
3
8
4
2
10
1
8
11

DEPTH
9
10
14
7
17
10
7
7
9
12
21
5
12
9
10

SAL(ppt)
28
32
28
35
35
38
35
30
25
25
21
17
12
4
4

TBVIP
23
22
21
21
18
18
18
20
18
19
20
19
19
20
19

Table 2. Bay Run #2 stations and corresponding data.
STAllONS·
STAllON CODE
EXTREME SOUTH BAY
BA20
OUMBARTON BRIDGE
BA30
BA40
RErMOJDCREEK
OYSTER POINT MARINA
BB31
BC10
VERBA BUENA ISLAND.
R~·BAY
BC31
BC50
STAUFFER
PETALUMA RNER
B020
ptNOLE POINT
B030
NAPA RIVER (East bank Vallejo)
B052
PACHECOCREB<
BF10
GRIZZLY BAY
BF20
SACRAMENTO RIVER (at Sherman Lake)
BG21
SAN JOAQUIN RIVER (southwest KimbaU Is.)
BG32

I:

DATES
3/30/92
3/30/92
3/30192
3/30/92
3/30/92
3/31192
3131/92
3/31/92
3/31/92
4/1/92
4/1/92
4/1/92·
4/1/92
4/1192

LAT
37 29 02
37 30 43
37 31 41
37 40 19
37 4846
37 5222
37 54 10
38 0642
38 00 56
38 05 22
38 0244
38 05 39
38 03 10
38 02 01

LONG
122 05 16
122 08 11
122 11 50
122 22 45
122 21 30
122 29 38
122 19 58
122 29 00
122 21 47
122 15 08
122 05 44
122 01 54
121 47 38
121 49 43

tlGRABS
1
1
2
2
2
7
2
5
8
5
11
7
6
13

DEPlH
16
8
10
13
13
10
8
6
8
15
10
6
9
7

SAl(ppt)
20
22
~i
24
26
27
28
25
15
22
11
5
5
2
1

n:MP
16
16
1.6
16
15.5
16
15

17
16.5·

17
16,

17.5
17.5
17

Table 3. Marsh stations and corresponding data.

STATION CODE
MAlO
MB10
MBll
MB20
MC10
MC20
MC21
MC30
MCSO
MC51
MC60
MC61
MD10
MOll
MD20
M021
MOJO
M031
MD32
MD33
MD34
MD35
MD36
M037
MF10
MF11
MF12
MF13
MF20
MF21
MF22
MF23
RSl0
RSll
RS20

STATIONS
COYOTE HILLS SlOUGH
SAN LEANDRO BAY/ARROWHEAD MARSH
SAN LEANDRO BAYoGARRETSON POINT
SAN LORENZO CREE<
RICHMJND INNER HA~MARSH
C8'fm'0 CAEEI< MOLTTH
COfll)()R'IlCES CAEB< MOUTH
EMERYVILLE t.1ARSH'83MUD STOff.1DRAIN
CORTE MADERA MARSH S. OF INDUSTRIAL RQo\D
CORTE MADERA CREEK.1..AR<SPUR FERRY MAR9-l
SILVA ISlAND MARSHA3EHIND CHEVRON
SILVA ISlAND MARSl-VSEMINAR OR. STORMDRAIN
MILLER CREEKA.AS GALLINAS DISCHARGE
MILLERCREEKAJPS'TREAM FRO\t DISCHARGE
GALLINAS CREEKIJOHN F. McINNIS COUNTY PARK
NOVATO CREEK/AT LOCK
PETALUMA RNER MOUTHIE. BANI< MARSH
TaAV CREEl< MOl.ffii
NAPA SLOUGK£RIDGE
SCtoJCMA CREEl<ITUBBS
sa-oM CREB<.eRlDGE
INLET EAST OF NAPA SLOUGH
MARE ISI..AND NORTHERN TlP
MARE ISlAND CENTRALJAT PILES
BOYNTON SLOUGH C~
BOYNTON SLOUGH C3
BOYNTON SLOUGH C4
BOYNTON SLOlGH CR2
HILL SLOUGK£aO'N BRIDGE
HILL SLOl.JGKlABOVE BRIDGE
PEYTON SLOI.JGH.St<O< END OF SLOUGH
PEYTON SLOlXiK'MOLTTH OF SLOlXiH
TOMALES BAVI BRAZIL BEACH
TOMALES BAY/MARCONI COVE
LAKE MEND<X:lNO
4/8/91,7/16191
913/91,10/31191,11/26191,2/21/92,412/92
4/24/91.6/10/91,7/16/91,9116191

DATE
11/25/91
11/25/91
11/25/91
11/25/91
t 1/26/91

11/26/91
11/26/91
2/21/92
2/17/92
2/17/92
2/18/92
2/18/92
2/19/92
2/19/92
2/19/92
2/19/92
11/1/91
11/1/91
1111/91
11/1/91
11/1191
10/31/91
10/31/91
10/31/91

7/23/91
7123191
7/23/91

7/23/91
7/24191
7/24/91

7/24/91
7/24/91

..

...

SALINITY (ppt)
19
30
30
34
30
32
30
28
28
27
27
28
27
28
28
28
27
26
26
26
26
25
23
25
20
20
20
20
20
21
20
21
29
22
20

TYPE OF COUECTION
TUlES
TUlES
TUlES
TUlES
TUlES
TUlES

TUBES
NOI/-OlVER SCRAPE
NOI/-OlVER SCRAPE
NOI/-OlVER SCRAPE
NCN-OIVER SCRAPE
NCN-OIVER SCRAPE
NCN-OIVER SCRAPE
NCN-DIVER SCRAPE
NCN-OIVER SCRAPE
NOI/-OlVER SCRAPE

n..ees
n..ees

TU3ES
TU3ES
TUlES
TlBES
TlBES
TlBES
OlVER SCRAPE
OlVER SCRAPE
OlVER SCRAPE
OlVER SCRAPE
OlVER SCRAPE
OlVER SCRAPE
OlVER SCRAPE
OlVER SCRAPE
OlVER SCRAPE
OlVER SCRAPE
OlVER SCRAPE

-

Table 4

Statistical Summary of Trace Element Concentrations in San Francisco Bay Sediments

Fall, 1991 (OryWeather); n=15
Mean
Cr
Zn
Co
Ni
V

Cu
Cd
Pb

Ag

SO
76 '
112
16
76
61
45

0.25
39
0.60

8
16
2
8
6
24
0.14
24
0.27

Median Max
Min
78
87
61
77
111
137
16
14
19
76
90
62
73
63
50
124
22
39
0.23
0.74
0.12
110
36
8
1.16
0.63
0.10

Spring, 1992 (Wet Weather) n= 14
Mean
Cr
Zn
Co
Ni
V

Cu
Cd
Pb

Ag

SO

79
109
16
74
61
41
0.24
29
0.42

Values Reported in mg analyte per kg dry sediment (ppm)

i.

Median Max
Min
47
12
92
83
127
17
115
73
2
16
20
11
77
1I
92
51
41
62
81
9
g
24
40
54
0.21
0.49
0.12
0.10
II
29
56
9
0.14
0.13
0.63
0.43

Table 5 Bay Sediment Toxicity Tests - Eohaustorius
Mean survival ± SO of Eohaustorius estuarius in bay test sediments, "Home" (H)
treatments, and reference sediments (RS 11). Significant differences between survival in
test sediments and "home" and reference tretments is indicated (ANOVA Fisher multiple
range test of arcsin(x) transfonned % survival values, p,O.OI). n= 5 replicates, with 20 or
16 individuals/replicate.
Sianiracant Diffcrcnce

Test Date
9/20/91
n=20

4/15/92
n=16

Station
RS 11
H
BA20
BA 30
BA40
BB 31
BC 10
BC30
BC50
BD20
BD30
BD40
BD 51
BF 10
BF20
BG21
BG 31
RS 11
H
BA20
BA30
BA40
BB 31
BC 10
BC 31
BC50
BD20
BD30
BD52
BF 10
BF20
BG 21
BG 32

Mean ±SD
17
2
19
1
9
2
10
3
10
2
14
2
19
1
4
10
17 . 1
12
3
15
4
18
1
11
2
14
2
13
2
17
2
19
0
10
2
14
1
7
2
8
3
10
0
2
10
11
1
9
5
8
1
9
2
14
2
9
3
11
1
8
3
9
3
14
2

RS

lH

X
X

X
X

X
X

X
X

X

X
X

X

X
X

X
X

X

X

X
X

X

X
X
X
X
X
X
X

X
X
X
X
X
X

5-35

Table 6 Bay Sediment Toxicity Tests - Rhepoxinius
Mean swvival ± SD of Rhepoxinius abronius in bay test sediments,"Home (H)
treannent, and reference sediment (RS 11). Significant differences between survival in
test sediments and "Home" and reference treatments are indicated (ANOVA Fisher
multiple range test of arcsin(x) transfonned % swvival values, p<O.Ol). n= 5 replicates,
with 20 individuals/replicate.
It

Significant Dirrerence

Test Date

Station
RS 11
H
BA20
BA40
BB3.
BC30
BC50
B040

91l8f.H

Mean ±SD
19

20

1
1

13
17
17
14
17
16

2
2
2
2
4

5

RS 11

H

X

X
X

Table 7 Bay Sediment Toxicity Tests - Daphnia
Mean swvival ± SO and mean- number of babies ± SO of Daphnia magna in bay test
sediments and reference sediment (RS 20). No significant difference between treatments
was found (AN OVA Fisher multiple range test of arcsin(x) transformed % swvival
values and number of babies, p<O.05). n= 5replicates, with 10 individuals/replicate.
TestOate

Station
RS 20
BG 21
BG 31

9/19191

.

."

'.'.

~

, ': .

Mean±SO
Survival # of Babies
9

1·

56

37

9
9

1
1

70
55

37
41

Table 8 Bay Survey Results.
8a Summary results from larval bivalve and larval fish elutriate toxicity tests from the bay
surveys. All data are means ± standard deviations of five laboratory replicates. Date indicates the
month samples were colI.:cted. "Not tested" indicates samples determined before testing to be
outside the salinity range of the test species. "Control" indicates organisms incubated in Granite
Canyon seawater adjusted with distilled water to the test salinity.
Oyster Larvae % Abnormal

Menidia Larvae (August 1991)

Weight (mg)

Station

Au&ust 1991

April 1992

% Mortality

Control

23.0 ± 6.9

15.5 ± 8.0

15.0 ± 10.0

11.6 ± 5.9'"

16.5 ± 15.2

15.0 ± 19.1

0.78 ± 0.51

BA20

17.4 ± 7.2

22.1 ± 11.8

15.0 ± 19.1

0.90 ± 0.24

BA30

16.3 ± 9.6
14.1 ±'3.6

20.0 ± 28.3

0.78 ± 0.10

BA40

24.4 ± 7.5
72.0 ± 11.1

30.0 ± 11.5

0.70 ± 17.3

BB31

25.6 ± 7.6

BClO

30.0 ± 20.0
0.0 ± 0.0

0.62 ± 0.17
1.05 ± .079

BC30

15.9 ± 6.5
31.9 ± 9.9

8.8 ± 5.0
13.2 ± 5.9
14.2 ± 5.7

0.97 ± 0.21

BC50

18.9 ± 5.6

8.3 ± 2.3

15.0 ± 30.0
5.0 ± 30.0

0.61 ± 0.23

BD20

28.3 ± 10.8

47.9 ± 18.5

27.5 ± 22.2

0.74 ± 0.25

BD30

29.7 ± 7.5

16.0 ± 5.4

15.0 ± 19.1

0.83 ± 0.15

BD40

17.9 ± 3.5

25.0 ± 30.0

0.91 ± 0.10

BD51

29.6 ± 8.6

15.0 ± 10.0

0.65 ± 0.26

11.1±7.7

40.0 ± 28.3

0.92 ± 0.22

6.4 ± 3.9

47.5 ± 25.0

1.08 ± 0.48

97.5±2.9

45.0 ± 41.2

0.90 ± 0.27

5.0 ± 10.0

0.77 ± 0.08

3.3 ± 0.6*

Control'"
RS11

~

BD52
BFI0
BF20

12.7 ± 6.5
45.3 ± 3.7
3.6 ± 7.3*

BG21

Not Tested

BG31

Not Tested
95.4 ± 2.6

BG32

* Samples from these two stations were tested separately at a later date.

See text and Table 4.

Table 8bBay sites exhibiting significant toxicity to test organisms in sediment elutriate tests.
Data were analyzed by ANOVA using laboratory replicates to define the error term.
. Sites Significantly More Toxic
Than Reference Sites

Test Series
& Date

SpeCIes

Sites Significantly More Toxic
Than Seawater Controls

Bay#l

Bivalve

BA40, BFlO

NA

August 91

MenidiLI

None Significantly Different

None Significantly Different

Bay #2

Bivalve

BD20, BG21, BG32

BD20, BG21, BG32

Table 10Marsh Survey Results.
10aSummary results from larval bivalve and larval fish elutriate toxicity tests from the marsh
surveys. All data are means ± standard deviations of five laboratory replicates. Date indicates the
month samples were collected. "No~ tested" indicates samples determined before testing to be
outside the salinity range of the test species. "Control" indicates organisms incubated in Granite
Canyon seawater adjusted with distilled water to the test salinity.
Date

Station

Oyster Larvae
% AbnQJWal

July 91

Control

15.7

RSI0

1M

±
100.0 ±
74.8

6.9
0.0

± 2.6

MFIO

94.6

MFl1
MF13

± 6.9
63.3 ± 13.9
73.4 ± 7.3

MF20

Not Tested

MF21

Not Tested

MF22

12.3

± 6.6

MF23

39.9

± 10.1

Control

1.9

± 1.7

REll
MD30

1.2

± 1.1

MF12

Oct. 91

± 10.0

MD31

61.0

Menidia Larvae
Weight (mg)

% Monality

Weight (rog}

± 6.8
7.5 ± 11.2
24.7 ± 12.9
10.0 ± 10.5
5.0 ± 6.8
10.4 ± 10.6
12.5 ± 12.5
5.0 ± 6.8
10.4 ± 10.6
5.0 ± 6.8
2.5 ± 5.6

0.70 ± 0.08

0.0 ± 0.0

0.98 ± 0.12

± 0.10
0.72 ± 0.13
0.80 ± 0.09
0.73 ± 0.08
0.72 ± 0.07
0.82 ± 0.08
0.76 ± 0.08
0.68 ± 0.06
0.79 ± 0.07
0.69 ± 0.05

± 8.9
28.0 ± 30.3
0.0 ± 0.0
0.0 ± 0.0
4.0 ± 8.9
8.0 ± 17.9
4.0 ± 8.9
48.0 ± 26.8

7.5

± 2.0
1.4 ± 0.6

2.6

0.75

8.0

± 11.0
4.0 ± 8.9
0.0 ± 0.0

1.03

0.0 ± 0.0

1.28

± 0.24

± 8.9
8.0 ± 11.0

± .26

4.0

1.15

MD34

4.0 ± 8.9

± .28
1.69 ± .741

MD35

0.7

± 0.6

0.0 ± 0.0

1.46 ± 0.13

MD36

1.1

± 0.7
1.2 ± 1.1

0.0 ± 0.0

1.16 ± 0.29

0.0 ± 0.0

1.15

MD33

MD37

1.8

4.0

1.15

1.16 ± 0.12
1.11±0.08
1.11

REll
MD36
MD37

± 0.10

1.09 ± 0.02
0.97 ± 0.16
1.14 ± 0.21

0.0 ± 0.0

1.21 ± 0.12

0.0 ± 0.0

1.14 ± 0.10

1.18

± 0.23

Oct. 91 Oyster Larvae in Pore Water!.
Control

± 0.15

0.98 ± 0.31

± 0.19
1.11 ± 1.24
1.25 ± 0.17

± 1.2
1.5 ± 1.4
0.4 ± 0.6

MD32

Atherinops Larvae

% Monality

4.7 ± 1.3

± 5.9 (n = 2)
6.5 ± 4.2
4.5 ± 2.1

10.7

t Pore water =supernatant water remaining above settled sediment in original sample jars.

Table 10 (Continued).
Date
Nov. 91

Station
Control
RSll
MAIO
MBIO
MBll
MB20

Menidia Larvae
Mussel Larvae
% Mooality Wei~bt (m~)
% AbnOlWal
0.76 ± 0.15
4.0 ± 8.9
0.8 ± 0.4
2.4 ± 2.5
8.0 ± 17.9 0.60 ± 0.17
1.7 ± 1.1
17.0 ± 9.7
0.87 ± 0.07
1.2 ± 1.9
0.0 ± 0.0
0.70 ± 0.10
1.0 ± 0.7
20.0 ± 20.0 0.94 ± 0.16

MCIO
MC20

0.8 ± 0.5
1.5 ± 0.8
2.1 ± 1.9

16.0 ± 16.7
8.0 ± 11.0
·12.0 ± 11.0

0.75 ± 0.09
0.86 ± 0.07

MC21

1.4 ± 0.8

8.0 ± 11.0

0.88 ± 0.05

0.79 ± 0.13

Menidia Larvae

Date

Statjon

Feb. 92

Control
RSl1
MC30
MCSO

Oyster: Larvae
% Abnormal
14.9 ± 4.6
51.1 ± 7.0
19.5 ± 7.5
27.1 ± 8.0

MCSI

20.2 ± 8.6

12.0 ± 11.0

MC60

26.4 ± 15.9

0.0 ± 0.0

MC61
MDI0

99.1 ± 1.6
29.2 ± 14.0
98.6 ± 1.4
25.7 ± 10.3

24.0 ± 26.1
4.0 ± 8.9

0.80 ± 0.14

4.0 ± 8.9
8.0 ± 11

0.84 ± 0.09
0.87 ± 0.08

MOll
MD20
M021

26.0

± 5.6

~

% Mooality

8.0 ± 11
0.0 ± 0.0
8.0 ± 11.0
0.0 ± 0.0

4.0

± 8.9

Wejebt (m~)
0.74 ± 0.09
0.84 ± 0.15
0.89 ± 0.14
0.76 ± 0.15

± 0.15
± 0.12
0.89 ± 0.48
0.77
0.94

0;84

± 0.09

..

Table lOb Sites exhibiting significant toxicity to test organisms in sediment elutriate tests from the
marsh survey_ Data were analyzed by ANDVA.
Test Series
& Date

Species

Sites Significantly More Toxic
Than Seawater Controls

Sites Significantly More Toxic
Than Reference Sites

Marsh #1

Bivalve

All except MF22 (incl. Ref Sites)

LM,MFlO

July 91

Menidia
Atherinops

1M
LM,MF21

1M
LM,MF21

All Tests

None Significantly Different

None Significantly Different

Marsh #3
All Tests
November 91

None Significantly Different

None Significantly Different

Marsh #4

Bivalve

RS11, MOlD, MOll, MC61

MOll, MC61

February 92

Menidia

MC61

MC61

Marsh #2
October 91

'Ii
~7'
Table 11 : Porewater cdJ:Icentrations of trace elements for gradient study
.~ I

CODE Station
EVS04 shallow
EVS04 deep
Pt. Pinole piling shallo
Pt. Pinole piling deep
CC2 deep
GD23 CC4deep
CliO Carr Inlet shallow
CI20 ICarr Inlet deep
GOIO
G020
GO I).
G022
G021

Pb
Pb
avg ppb SD
142 108
77 22
148 70
80 83
9
16
'2
5
340 n=1
79 n=\

Ag
Ag
avg ppb SD
6.7
6.3
12.9
27.2
24.6
5.4
39.9
0.0

7.9
4.6
13.0
44.4
20.2
10.8
n=1
n=1

Zn
Zn
avg ppm SD
31
13
3
10
242 414
9
34
8
17
3
10
13 n=l
13 n=1

Cu
Cu
avg ppb SD

Cd
Cd
avg ppb SD

509
379
3034
284
396
242
1651
248

85
20
329
182

200
187
3131
122
137
46
n=\
n=\

10
13

139
8

Mn
Ni
Ni Mn
avg ppb SD avg ppm SD

30
17

162
185
7
19
n=1
n=1

6377
2948
6377
3324
2364
2474
2101
1174

773
1037
1736
766
477
315
n=1
n=1

Five field replicates for each station, except for Carr Inlet

"

1940
467
4646
2137
969
1463
81
494

616
46
1163
81
146
222
n=1
n=1

Table 12 : Sediment concentrations of trace elements for gradient study

Code

Location

GOIO
G020
GO 11k
G022
G021
G023
ClIO
CI20

EVS04 shallow
EVS04deep
Pt.Pinole piling shallow
Pt.Pinole piling deep
CC2 deep
CC4 deep
Carr Inlet shallow
Carr Inlet deep

Cr
Cr
avg ppm SO
86
6
4
100
91
8
63
3
61
9
11
86
41 n=1
27 n=1

Zn
Zn
avg ppm SO
135
6
191
15
4
130
4
84
12
90
148
22
55 n=1
57 n=1

Cu
Cu
avg ppm SO
74
18
154
48
47
2
25
I
37
7
53
10
25 n=1
40 n=1

Ni
Ni
avg ppm SO

Pb
Pb
avg ppm SO

4
86
100
2
82
2
48
1
7
49
11
82
30 n=1
31 n=1

Five field replicates for each station, except for Carr Inlet

33
2
58
5
30
2
21
3
4
25
49
17
13 0=1
12 0=1

Cd
Cd
avg ppm SO

Ag
Ag
avg ppm SO

0.37
1.05
0.20
0.30
0.41
0.70
0.59
0.57

0.30
0.42
0.28
0.17
0.16
0.32
0.17
0.16

0.06
0.14
0.00
0.03
0.06
0.27
n=1
0=1

0.03
0.02
0.02
0.02
0.02
0.08
n=1
n=1

Table ~ 3a Comparisons of various factors affecting larval oyster toxicity test results from the
Castro Cove gradient study. ANOVA tests were conducted using means for each field replicate
(n=5). Comparisons between field replicates were made using laboratory replicates to define the
ANOVA error tenn.
* Indicates significant differences.
b Individual comparisons among sites are given below in Table 3c.
,~

Comparison

Samples Used. in Comparison

Probability

:Between Sites
Between Sites
Between Sites
Between Sites

shallow layer, pore water
deep core, pore water
shallow layer, elutriates
deep core, elutriates

0.58
O.OOOI*b

Shallow layer (.38) vs Deep Core (.58)
Shallow layer (.10) vs Deep Core (.15)

pore water, PP and EVS 04
elutriate, PP, EVS 04, and CC2

0.35
0.44

Pore water (.38) vs Elutriate (.11)
Pore water (.79) vs Elutriate (.13)

shallow layer" PP and EVS 04
deep core, PP, EVS 04, CC2 & CC4

0.06
0.0001*

Between Field Reps
Between Field Reps
Between Field Reps
Between F'ield Reps

shallow layer, pore water, PP
shallow layer, pore water, EVS 04
deep core, elutriate, CC2
all others

0.24
0.03· b

0.0001'"
0.0001*
0.03*
> 0.05

Table 13bIndividual comparisons of sites within the gradient study indicate the following sites had
significantly greater toxicity than reference sites at p < 0.05 using Dunnett's multiple comparison
test The proponion abnonnal for each site is given in parentheses.

Type of Sample
Deep Core, Pore Water

Deep Core, Elutriate

Reference Site
0022 (0.17)

0022 (0.09)

Sites with Significant Toxicity
0020
OD23
0021
(CI20

(0.99)

(1.00)
(0.98)
(1.00»

0020 (0.29)

Table J14
Dilferences between sites and control levels o( trace metals in mussels and oysters I
\
at 30, 60. 90, and 120 days during Phase I and II. •.. significant difference (or melal indicated

No. of metals

Phase 1
Mussels

Duration Site Names
30 days
30 day~
60 days
60 days
90 days
90 days
90 days
90 days
120 days
120 days

Oysters

Phase"
Mussels

2
3
4
4

.

.

..

4

"

4

"

"

.

4

"
Ag

90 days Coyote Creek
90 days Davis Point

"

4

..

7

"

6
4

"

"

.

"

"

Cu

..
..

"
"

6

..

6
6
6
6

5
5

"
"

"
"
"

"

"

Pb

Se

Zn

"

"
"
"

"
"

"

"

Hg

•

"

"

"
"
"

"

..

"..

"
"
"

..

"
"

"

..

"
"

"
•

"

"
"

"

"
"
"
"

"

.
"

"

"

..

"

"

"

"

.

"

"
"

"

"

"

"

"
"

"
•

.

..

"

"

..

"

..

"
•
"

"
"

..

"

"

"

..

"

"

.

..

"
"

"

"

..
..

"

"

"

..

"
"
"

"
"

"

6

"

"

"

"
"
"

"

•

"

"
"

6

..
..

"
"

..

.

..

5
6
6

"

"

6

5

"
"

..

..

4

"

"

.
..

5

.

"

..

..
.
..
Cd

Zn

"

..

"
"

Se

.

"

..

.

4

4

Pb

"

"

7

Hg

"

6
5
5

7

Redwood-depurated
Treasure I·depurated
Dumbarton-depurated
Redwood-deep
Dumbanon-deep

Cu

"

30 days Redwood Creek
30 days Treasure Island
30 days Dumbanon Bridge
60 days Redwood Creek
60 days Treasure Island
60 days Dumbarton Bridge
90 days Redwood Creek
90 days Treasure Island
90 days Dumbarton Bridge
90 days Davis Point
90 days Coyote Creek
90 days Pt Pinole
120 days Redwood Creek
120 days Treasure Island
120 days Dumbarton Bridge
days
days
days
days
days

Cd

3

5

days
days
days
days

Ag

..

Redwood Creek
Treasure Island
Dumbanon Bridge
Pt Pinole

90
90
90
90

90
90
90
90
90
Oysters

Redwood Creek
Treasure Island
Redwood Creek
Treasure Island
Redwood Creek
Treasure Island
Dumbanon Bridge
Pt Pinole
Redwood Creek
Treasure Island

SiQn, DiN.

..

"

"

-

•
•
"

·

·
"

Table 15
COmAMINANTS IN SOllTH. CENTRAl.. AND NORTH BAY MUSSELS
MEAN
MEAN
MEAN
N:)RTH
TREASURE I
SOtJTH
CONTAMINANT
SLVE'R
CADMIlJ,1

cx:Fflffi
M:H:'1.Rl'
lEAD

S8..ENW
ZNC
SUM DDT
SUM CI-LORDANE
SUMPAH
Sl..UPCB

0.345
8.3
12.5
0.295
2.5
3.1
230
68
20.35
936
213

0.305
7.25
10
0.25
2.355
1.75
230
226.5
60.05
429.5
391.5
-

PREtlOMINANT
lREN)

0.15 NOfmlLC1N
9.5 NORTH SUGHTlYHGH
12.1 CE~ NORTH SlGHTlY HIGH
0.235 ~
3.05 NORTH SUGHTlYHGH
2.55 NORlH, CENTRAl.. SlGHTlY HIGH
230 N:lf\E
92 SClITHHIGH
17 SClITHHIGH
246.5 CENTRAL AND SOUTH HIGH
86.5 SOUTH AND CENTRAL HIGH

--

MEANS ARE FROM TWO VALUES (PHASE 1 AND PHASE 11\

Table 16
RATa> BE1WE8'4 MUSSElS AND OYSTt:RS
MUSS8.S
C7I'STEm

DDT

CH..ORI)IWE

SUAPA1-6

SU\fPCSS

SL'Im

CA[lM;llM

~

117
72
58
73
267
18
17
19
25
92
104
621
99
116
859
129
300
187
252
647
0.2
0.92
0.3
0.41
0.1
8.9
7.6
9.8
7
10.1
15
9
6.1

9.7
4.9

132
110
97
124
228
18
31
20
25
70
807
1905
773
978
1423
169
318
263
299
368
5.9
6.1
9.3
5.9
8
6.1
6.6
8
7.9
8.1
6
2.8
5
1.9
4.1

MEAN
RAm

RAllO
0.89
0.65
0.60
0.59
1.17
1.00
0.55
0.95
1.00
1.31
0.13
0.33
0.13
0.12
0.60
0.76
0.94
0.71
0.84
1.76
0.03
0.15
0.04
0.07
0.01
1.46
1.15
1.23
0.90
1.25
2.50

MU:SaS

<X:Pfm

0.78

r.IBURt'

0.96
~

0.26

LEAD

1.00
SB...eWM

0.06
lI'C

1.20

AlUMIN\.AII

13
13
7.5
9
10
0.27
0.3
0.2
0.22
0.2
26
26
23.6
32
229
22
2.5
1.8
1.9
3.9
2.6
3
2.3
1.2
2.5
260
260
240
250
200
1433

2.1~~

123~

1.22
5.39
1.17

1400
1633
1900

2.63

CNS'TER>
240
200
253
180
417
0.12
0.13
0.13
0.12
0.2
49
76
95
88
56
0.52
0.51
0.59
0.54
1.6
2.7
3.5
3.5
3.3
4.3
1100
1100
1400
900
1133
410
770
640
953
750

MEAN
RAOO

RAOO
0.05
0.07
0.03
0.05
0.02
2.25
2.31
1.54
1.83
1.00
0.53
0.34
0.25
0.36
0.41
4.23
4.90
3.05
3.52
2.44
0.96
0.86
0.66
0.36
0.58
0.24
0.24
0.17
0.29
0.18
3.50
1.60
2.19
1.71
2.40

0.04

1.79

0.38

3.63

0.68

0.22

2.29

Table 17
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PREFACE
The California Legislature and Governor'addedChapter 5.6, Bay Protection and Toxic
Cleanup (BPTC), to the state Water Code in an effort to protect the valuable resources within
the estuarine waters and bays of the state. The BPTC section directs the State Water
Resources Control Board (SWRCB) to formulate and adopt a plan to accomplish this goal
(SWRCB, 1991). This plan is designated the Enclosed Bays and Estuaries Plan (EBEP).
One of the goals of the EBEP is to develop sediment quality objectives (SQO). These
objectives will supplement existing water quality Griteria. Sediment quality objectives are
being developed to protect aquatic life and human health from chemical contaminants
accumulating in sediments. The Office of Enviion mental Health Hazard Assessment
(OEHHA) in cooperation with the, SWRCB is responsible for developing recommendations for
SQO for California bays and estuaries. This document describes the scientific background and
a proposed technical strategy for establishing SQO based on human health concerns.
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EXECUTIVE SUMMARY

This report describes the scientific background and a proposed technical strategy for setting
Sediment Quality Objectives for environmental chemicals in California based on human health
effects in California. This strategy was developed by the Office of Environmental Health
Hazard Assessment (OEHHA) in cooperation with the State Water Resources Control Board
(SWRCB). The state Water Code requires that Sediment Quality Objectives (SQO) be
developed in conjunction with the Bay Protection and Toxic Cleanup program.
Sediment quality objectives are levels of a contaminant in sediment which will not result in
potentially unhealthy or hazardous levels of the contaminant in seafood (fish or shellfish) when
consumed by humans, or which do not result in excessive environmental contamination (Water
Code Section 13391.5). SQO are based on and are intended to be predictive of biological
effects or tissue levels. SQO extend the process of protecting water quality by regulating
sediment as a reservoir for contaminants and recognize fish or shellfish ingestion as an
important route of exposure.
The following seven tasks comprise the strategy proposed by OEHHA to develop
recommendations for SQO for human health effects in California.

1)

Select contaminants of concern based on EPA lists. Prioritize contaminants of
concern in California based on in-state use, toxicology profile, and California
monitoring data.

2)

Identify appropriate cancer potency (q 1*) or reference dose (RID) for the prioritized
contaminants of concern identified above.

3)

Develop human exposure scenarios considering potentially different patterns of
seafood consumption in California. Include alternative scenarios such as consumption
of finfish and/or shellfish; and consumption by sensitive subpopulations (e.g., fishers,
children, ethnic groups).

4)

Determine a maximum tissue level of chemical contaminant allowable in fish and/or
shellfish tissue using the appropriate seafood consumption scenario(s) and potency
values identified above.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ VIII

_

5)

Use all appropriate bioaccumulation model& to predict the acc\lITlu!;l.tion of ~hemical
contaminant from sediment to finfish andlqr shellfish tiss!-!e.

6) Evaluate the bioaccumulation predictions by comparison to laboratory aI19 fi~Id data.
Based on the appropriate bioaccumulation value(s) calculate sediment levels that could
lead to the maximum tissue level identified above. S~iment levels calculateP in t l * ' "
way are proposed SQO based on human h~th effects.

7) Recommend the proposed SQO to the SWRCa for adoption. I.nclude a discussion of
the scientific basis and limits of cert:-unty of this recommendation.

The Office of Environmental Health Hazard Assessment
health-based strategy to develop SQO.

recolJlm~nds

adoption of this

hum.~

....

_ _ _ _ _ _ _ _ _ _- - - - - - ix -"-
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1.0

INTRODUCTION

Chemical contaminants in the environment are a problem because they may reduce our quality
of life and may threaten human health. Contaminants may be merely noxious or have serious
toxic effects. Government agencies have addressed the problem of chemical contaminants in
the environment by setting standards and guidelines for important air and water borne
contaminants with the goal of protecting environmental quality and human health.
Sediments are a significant reservoir of environmental contaminants in aquatic environments
(Dickson et al., 1987). At this time, regulatory controls for sediment-bound contaminants
have not been completely incorporated into existing water quality standards. Consequently,
recent legislation has focused on developing guidelines for chemical contaminants in
sediments. These levels have been referred to as "sediment quality objectives" (SQO) in
California (Water Code Section 13391.5), and "sediment quality criteria" (SQc) by the U.S.
Environmental Protection Agency (EPA, 1991).
Human exposure to chemical contaminants in contaminated sediments is indirect via the
consumption of seafood. Seafood species may directly assimilate the chemical contaminant
from sediment or indirectly via consumption of contaminated organisms from lower levels of
aquatic food-webs. This is the primary route through which humans can be exposed to
chemicals present in the sediments, potentially leading to adverse health effects.
The purpose of developing SQO is to protect the broad scope of beneficial uses of California's
coastal waters. The accumulation of chemical contaminants in sediments in California's bays
and estuaries presents a potential hazard to both aquatic life and human health. Separate SQO
will be developed for the protection of human health and aquatic life. Although both processes
are related and equally important, the derived values may be very different. For a given
chemical and site, the lower SQO will protect both endpoints.

.

'

Contaminated sediments have already resulted in the contamination of seafood in several
locations in the United States. As an example, estimates of potential human carcinogenic risks
from consumption of highly contaminated fish and shellfish range from 10-4 to 10-2 (see
Appendix 1). Health advisories regarding consumption of fish or shellfish in contaminated
locations have been issued throughout the United States including southern California (pollock
et al., 1991), Quincy Bay, Massachusetts (Rei mold et al., 1988) and Puget Sound, Washington
(Tetra Tech, 1988). These evaluations have been based on site-specific seafood tissue levels
detected after extensive contamination had already occurred. There is a pressing need for the
establishment of regulatory standards for a wide range of chemicals and locations that can be
applied to prevent future contamination.
The objective of this report is to describe a strategy for developing such standards (SQO) for
the protection of human health. While it is clear that sediment-bound contaminants have led to
undesirable levels in seafood (see Pollock et al., 1991), a formal process for regulating

i,

contaminants in sediments has not been developed (.shea, 1988). Therefore, a strategy needs
to be developed for establishing these levels.
2.0

REGULATORY FOUNDATION FOR SE;TTING SEDIMENT QUALITY
OBJECTIVES

The regulation of chemical contaminants has focused on setting standards and criteria which
protect humans from excessive exposure to the contaminants. Risk: assessment methodology is
currently used in this process (EPA, 1991). Using this methodology, acceptable exposure
levels can be established for likely environmental exposure routes (typically air and water),
and measures can be identified to mitigate excessive exposure.
The regulation of chemical contaminants in the air, soil and water serves to protect. not only
humans, but also other organisms from the toxic effects of these contaminant's.. ChemicC!l
contaminants in an environment can have far ranging adverse effects on organisms occupying
that environment. Contaminants can have direct toxic effects on single organisms in the
environment, either increasing or decreasing reproduction or survival. These direct individual
effects may cause changes in the ecosystem by changing population size, species composition
and etc. These changes may affect humans and wildlife that showed no direct toxic response
or had no direct exposure to the source of contaminant.
In aquatic environments, chemical contaminants can directly impact organisms in or on the
sediments (Giesy. et al., 1990) or those in th~ water column (Malueg et al., 1983). These
environments may have four or five trophic levels in complex food-w,ebs (Dickson et al.,
1987). A variety of invertebrate and vertebrate benthic or pelagic organisms can be exposed
by consumption of lower trophic level organisms and/or direct ingestion or· absorption of
contaminant. Humans or wildlife consuming these organisms as food can be indire<;tJy
exposed to the contaminant and consequently may be put at risk of adverse health effects.
Figure 1 shows an aquatic food-web tracing human exposure to a chemical contaminant
introduc,ed into the aquatic environment.
,

Federal,regulations to protect aquatic environments are promulgated by the EPA and are bas~
on the premise that the beneficial uses of aquatic environments should be protected (EPA,
1991). Protection includes aquatic organisms in these environments, and is extended to
include the terrestrial organisms (e.g., humans) that use these environments. These aquatic
. organisms must not be adversely effected by exposures to a waterway. General water quality
standards have been adopted by EPA which protect aquatic life and human health. National
water quality criteria are the established means to transl<ite narrative standards into numeric
values. These numeric criteria are used for the control of toxic pollutants in water. _. "

Individual states in turn adopt the general standards and objectives or customize them to meet
their specific needs. State procedures generally follow the basic principles used by the EPA
-~---------------2

_

when adopting objectives to protect aquatic life and human health. Again, risk assessment
methodology is presently the established foundation for deriving water quality criteria based on
human health effects.
California has adopted regulatory standards and objectives for water quality (California Water
Code) and will extend them to include SQO (Water Code Section 13392.6 and 13393). The
State Water Resources Control Board (SWRCB) is responsible for the general development and
implementation of these objectives and related programs (Water Code Sections 13390 - 13396)
such as the California Enclosed Bays and Estuaries Plan (EBEP). Related programs will
utilize SQO to identify and prioritize toxic hot spots in California bays and estuaries.
The Office of Environmental Health Hazard Assessment is charged with formulating SQO
recommendations based on human health risk assessment (Water Code Sections 13393 and
13395.5). In developing a SQO strategy, OEHHA has built upon the established process for
setting water quality criteria and incorporated relevant scientific information specific to
sediments.
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3.0

APPROACH TO SETTING SEDIMENT QUALITY OBJECTIVES

The Office of Environmental Health Hazard Assessment proposes a technical strategy for
developing SQO recommendations for human health in California. The strategy has been
organized as a series of tasks for deriving SQO based on the methodologies of human health
risk assessment and environmental fate modeling. These tasks include selecting and
prioritizing contaminants of concern in California, setting maximum tissue levels for seafood
tissue, predicting bioaccumulation, estimating sediment contaminant levels (proposed SQO)
leading to the protective tissue levels, and evaluating the accuracy of each proposed SQO. The
end product of application of this strategy will be a recommendation to the SWRCB for
adoption of proposed SQO for selected chemical contaminants in sediments in California.
The scientific background for the strategy is presented below. This is followed by presentation
of the seven basic tasks of the strategy.

4.0

SCIENTIFIC BACKGROUND FOR THE SEDIMENT QUALITY STRATEGY

4.1.

Sediment Quality Objectives For Aquatic Life

Washington State has established standards for regulating the quality of marine sediments by
using the apparent effects threshold (AET) approach (Washington State, Department of
Ecology 1991). These AET values for chemical contaminants in sediment were developed
based on the level of contaminant which caused an acute or chronic toxic effect to sensitive
aquatic life forms in laboratory tests. Since toxicological effects in the AET approach depend
on the environmental surroundings of a specific site, the sediment quality standards of
Washington State are applicable only to the site for which they were developed, in this case
Puget Sound.
EPA recognizes the AET approach as a credible step towards development of sediment quality
criteria (EPA 1989b). EPA is evaluating this approach and the equilibrium partitioning (EqP)
approach (EPA, 1989b, and 1990) for use in setting sediment quality criteria. The EqP is also
being used to set contaminant levels in dredged materials (US Army Corps of Engineers and
EPA, 1991). Thus far, these approaches have been applied to aquatic life. The SWRCB is
also evaluating the AET approach for setting aquatic life objectives.
-'

4.2.

Sediment Quality Objectives For Human Health

A standardized procedure for setting SQO based on human health effects has not been
established within the regulatory community (Shea, 1988). Any procedure to set SQ6'must-- recognize the indirect nature of human exposure to sediment contamination and the complex
relationship(s) between contaminant levels in the sediment and in aquatic organisms at different
trophic levels. The elements for a procedure can be developed by combining the risk
--

5

_

assessment process and models estimating the movement'and bioaccumulation of chemical
contaminants in aquatic ecosystems. These models are necessary to predict the sediment
concentration of a contaminant that would lead to a given concentration in edible seafood. '
Risk assessment and bioaccumulation mpdeling are based on different underlying assumptions
that incorporate available biological data and facilitate prediction of specified endpoints. Both
are flexible and may incorporate options or methods that are more appropriate in different
situations. This section reviews the scientific background for risk assessment and
bioaccumulation modeling with emphasis on applications for deriving SQO. In addition, some
of the underlying uncertainties in risk assessment and bioaccumulation modeling are discussed.
Some of the uncertainties in bioaccumulation modeling may be reduced with the collection of
monitoring data that can be used to calibrate and validate models.
4.2.1. Human Risk Assessment

Human risk assessment can be used to establish acceptable levels of contaminants under
specified exposure conditions (e.g., consumption of contaminated seafood)(EPA, 1989a; NRC,
1983; Pastorok, 1988). Risk assessment is the process for evaluating the toxicity of a
contaminant and quantifying the potential harm (risk), if any, caused by exposure to the
contaminant. Risk assessment is usually divided into four discrete steps: hazard identification,
dose-response assessment, exposure assessment and risk characterization (NAS, 1975; NRC,
1983). '
Hazard Identification (HI) is the determination of whether a particular chemical is or is not

causally linked to a particular adverse health effect. Cancer and non-cancer (e.g., birth
defects, nerve damage or organ dysfunction) endpoints are considered germane health effects
for risk assessment. Hazard identitication involves a qualitative determination of the toxicity
of the contaminant. Pertinent health effects are observed in humans and/or experimental
animals.

Dose-Response Assessment (ORA) is the determination of the relation between the magnitude
of exposure and the extent of biological response or the probability of occurrence of the health
effects in question. ORA is the quantitative determination of the potency of a contaminant and
may vary with the route of exposure to the contaminant.
HI and ORA, combined, involve a complete review of the toxicology database, a
determination of the quality of the toxicology studies, and mathematical modeling of the doseresponse data. The result of a ORA for a carcinogenic compound is the determination of a
carcinogenic potency val ue (q I *) for the compound. The q I * can be used to es'iimate excess
cancer risk due to exposure to a specified dose of the carcinogenic contaminant.
A reference dose (RID), previously referred to as an acceptable daily intake (ADO, is usually
determined for non-carcinogenic toxicological endpoints (e.g., effects believed to have a
-
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threshold for response). The RID is defined as a daily level of exposure which can be
tolerated over a lifetime without anticipated adverse effects. The RID is usually determined by
identifying the No Observed Effect Level (NOEL) in animal studies and dividing this level by
an uncertainty factor. The uncertainty factor is determined based on the quality, nature, and
completeness of the database and usually ranges from 10 to 10,000. In some cases, the NOEL
may be estimated using a newer approach for evaluating non-carcinogenic data, referred to as
the benchmark dose procedure.
Hazard identification and dose-response assessments of many common contaminants have
already been completed by various organizations such as OEHHA, EPA, and the World Health
Organization. OEHHA maintains a current listing of ql * values determined by California
agencies for many contaminants (OEHHA, 1992). The EPA Integrated Risk Information
System (IRIS) database also contains ql * and RID information.

Erposure Assessment (EA) is the determination of the extent of exposure before or after
application of regulatory controls. The route (e.g., oral, dermal or inhalation), the magnitude,
frequency, and duration of exposure are considered in the EA. EA also requires identifying
the population of health concern (usually a subpopulation with high exposure).
For SQO, the relevant exposure route is consumption of contaminated fish or shellfish. Thus,
EA involves estimating human rates of seafood consumption and tissue concentrations of
chemical contaminants in the consumed seafood species. The relevant time-frame for exposure
may vary from a single meal to a lifetime depending on the identified health hazard. A
comprehensive EA would include other sources of exposure (e.g., air or water).

Risk Characterization (RC) is the description of the nature and often the magnitude of human
risk, including attendant uncertainty. RC brings together the toxicity information from HI and
ORA and the exposure information from EA to estimate the potential risks in a specified
exposure situation.

4.2.1.1.

Maximum Tissue Levels in Seafood

Risk assessment, therefore, can be used to calculate acceptable levels of a contaminant in
seafood based on a given level of risk (e.g., 1 x 10-6 cancer risk). This major step in setting
sediment quality objectives is si milar to the EPA S method for calculation of Reference Tissue
Concentrations (RTC) for seafood in their Technical Support Document for Water Qualitybased Toxics Control (EPA, 1991). The SWRCB adapted EPA's RTC approach in calculating
Maximum Tissue Residue Limits (MTRL) for fish in the Pollutant Policy Document (1988).
The difference between the derivation of RTC and MTRL is that MTRL focus on water as the _
exposure source. The MTRL equation for carcinogens is:
I

_________________ 7

_

MTRL (mg/kg)

=

RLx WT

q * x FC

(1)

1

The corresponding MTRL equation for non-carcinogens is:
MTRL (mg/kg)

=

RID x WT
FC

(2)

where:

FC

=
=
=
=

RID

=

RL
WT
ql*

risk level (e.g., 10-6 ),
standard weight of average human adult (70 kg),
cancer potency factor (mg/kg/dayr 1,
daily fish or shellfish consumption (kg/day),
Different values can be used to reflect the eating habits of different
target populations and,
reference dose (mg/kg/day).

These equations will be adapted to develop maximum tissue levels for SQO for bays and
estuaries.

4.2.2. Predicting Bioaccumulation
Deriving SQO requires determination of the concentration of contaminant in the sediment that
would yield the maximum tissue levels. This involves following and predicting the movement
and accumulation of a chemical within bay and estuarine food-webs.
The movement and concentration of contaminants from the physical environment to the biota; is
termed bioaccumulation. In some cases, lower concentrations of contaminants accumulate in
organisms; but in many cases the observed concentrations in biota are higher than found in the
physical environment (Dickson et aI., 1987; Young, 1988). Quantitative models for
describing the bioaccumulation of a chemical contaminant have been developed. Generally,
these models have described the property of bioaccumulation as a function of bioconcentration
and other related factors. Bioaccumulation estimates from these models can be used in reverse
to calculate sediment levels corresponding to tissue concentrations. These calculated sediment
levels are derived SQO.
Aquatic organisms can bioaccumuJate chemical contaminants from either the water phase or
the solid (particulate and/or sediment) phase (Dickson et a1., 1987). Sediments are composed
8_---
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of a particle phase and an interstitial water phase (pore water). Chemical contaminants tend to
either associate more with water or be bound more closely with particles. Ionic and water
soluble compounds tend to be dissolved in the water. Nonionic or neutral organic compounds
tend to be more tightly bound to the particles.
Compounds which are associated with particles or are themselves particles may settle out of
the water into the sediment. Over time, the accumulated total mass of a contaminant in
sediment can become much greater than the amount dissolved in the overlying water column.
Thus, sediments act as an important reservoir for particle-bound chemical contaminants in
aquatic environments (Morel and Schiff, 1983).
Bioaccumulation specifically due to exposure to the water column is designated
bioconcentration and is expressed as a bioconcentration factor (BCF). This form of
accumulation is defined as the concentration of the chemical in tissue divided by the
concentration in the water column (EPA, 1980; 1991). BCF can be determined in relatively
simple laboratory tests.
In sediments, benthic organisms are exposed to contaminants within the pore water and by
ingestion of sediment particles. These organisms can bioaccumulate concentrations of the
chemical above the level predicted based on the BCF because they also ingest sediment-bound
contaminants (Dexter and Field, 1989). Similarly, organisms higher in the food-web which
consume (ingest) contaminated benthic organisms can bioaccumulate levels of contaminant
above that estimated by BCF (Thomann and Connolly, 1984). The total bioaccumulation via
all routes is called the Bioaccumulation Factor (BAF). (See Figure 1 for a diagram of a
simplified aquatic food-web.)

4.2.2.1.

Methods for Estimating Bioaccumulation

A number of mathematical equations and models using field or laboratory data have been
developed to predict the bioaccumulation potential or tissue concentration of contaminants
associated with sediments or water. These models follow two general approaches:
equilibrium-based models and kinetic models. Equilibrium models assume that a chemically
based equilibrium will be reached for any contaminant within components of the system being
sampled and modeled. The equilibrium approach focuses on the partitioning of chemicals
between sediment and benthic organisms assuming that thermodynamic equilibrium exists
between the sediment and the organisms in the sediment (Lake et al., 1987; McFarland, 1984).
This approach simplifies data requirements for these models. Theoretically, equilibrium based
models can predict the concentration of non-polar organic chemicals in an organism
(bioaccumulation) given a known concentration of chemical in the sediment (Lee, 1992; Tetra,
Tech, 1985). These models may prove especially useful as screening tools or for organisms at
specific levels in the food-web. The first five models presented below are equilibrium-based
models.
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Kinetic models are needed to predict contaminant movement in complex and variable
environments in greater detail. These models do not assume equilibrium conditions within the
system. Simple kinetic models do assume that steady-state conditions exist, while more
complex forms can model non~steady-state conditions such as those associated with varying
exposures. Kinetic models are based on rates of flux between physical (e.g. organism:water)
or physiological compartments (e.g. blood:liver). Most of the fate models used to express
bioaccumulation are undergoing further development and validation (Lee, 1992; Tetra Tech,
1985).

4.2.2.1.1.

Bioaccumulation Estimation from Bioconcentration and
Food-Chain Multiplier

EPA (EPA 1991) has used the bioconcentration factor (BCF) of a chemical contaminant
coupled with an estimated food-chain multiplier (FM) to predict the accumulation of persistent
organic compounds in fish tissue. BAF is then equal to a food-chain multiplier times the
bioconcentration factor as shown by the equation:
BAF

= FM

x BCF

(3)

FM values for this equation have been derived by Thomann (1989) based on a four level
food~chain model. An expanded table of these fooq-chain multiplier values estimated from
n-octanol/water partition coefficient is given by EPA (U.S. EPA. 1991).

4.2.2.1.2.

Bioaccumulation Estimated from Field Data

The BAF for an organism measured in its environment is expressed as the ratio of the
concentration of chemical contaminant in the organism s body to the concentration of the
chemical in the exposure source. The general form of this equation has been proposed by
Thomann et aI. (1992) as the Biota Sediment Factor (BSF). This is an expression of
bioaccumulation specifically from a sediment source, and includes accumulation via ingestion.
The BSF is not specific to benthic organisms.
I

BSF

= Cb ,L IC s,oc

(4)

where:
Cb,L

=

the lipid-normalized chemical concentration in the organism (b), and

Cs,oc = total organic carbon-normalized chemical concentration in sediment (5)'
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This relationship can be used to generate nSF values from fish, shellfish and sediment
monitoring data. In some cases, sufficient California monitoring data may be available for a
chemical to calculate this bioaccumulation factor. In such cases, the modeling discussed below
may be unnecessary for specific chemicals or organisms. Monitoring information can also
provide data points for evaluation of the accuracy of modeling.
Equations 5 and 6 below are specific modifications of this general equation.

4.2.2.1.3.

Accumulation Factor Model of Bioaccumulation

The Accumulation Factor (AF) model is essentially a laboratory based formulation of the BSF
model. It is also referred to as the equilibrium partitioning approach (EqP). Like the BSF
model, it assumes that chemical contaminants exchange freely between the organic carbon in
different sediments and the lipids in different organisms. The AF model includes normalizing
sediment for its total organic content and normalizing benthic organisms for total lipid content
(Bierman, 1990; Ferraro et al., 1990). Partitioning based on this approach was found to yield
a theoretical accumulation factor that was similar to those calculated from laboratory and field
data (Rubenstein et al., 1987). This Accumulation Factor (AF) is expressed as follows:
AF = (Ct/L)/(Cs/TOC)

(5)

where:
Ct

tissue concentration at equilibrium (ug/g dry wt),

L

=

lipid concentration of organism (gig dry wt),

Cs

=

sediment concentration (ug/g dry wt), and

TOC

=

total organic carbon in sediment (gig dry wt).

Calculating an equilibrium-based AF is very promising for setting sediment quality criteria for
nonionic organic chemicals in benthic organisms (Di Toro et al., 1992), and EPA is
considering using this approach. This approach yielded conservative estimates of tissue
concentrations (Ferraro, 1990; and Bierman, 1990) when applied to selected neutral organic
chemicals. Its applicability to other groups of contaminants (e.g., metals, ionic compounds,
etc.) and to non-benthic organisms is not as well established and should be further tested.

II

4.2.2.1.4.

Army Corps Dredging Model of Bioaccumlllation

A modified EqP approach has been used by the US Army Corps of Engineers and EPA (1991)
as a screening tool to estimate the Theoretical Bioaccumulation Potential (TBP) of
contaminants in dredged material, TBP in this model is the tissue concentration, and a
theoretically-based constant [4] is equivalent to the AF in equation 5. TBP is expressed as:
TBP

= 4 (Cs/TOC) / L

(6)

where:
TBP

=

tissue concentration based on whole-body wet-weight,

Cs

=

sediment concentration,

TOC

=

total organic carbon content of sediment, and

L

=

species lipid content as a decimal fraction of who~e-body wet-weight.

Again, this model is expected to work best for nonionic organic chemicals and benthic
organisms.

4.2.2.1.5.

Food-Web Equilibrium Model

Thomann (1989) used an equilibrium-based model to calculate the concentrations of organic
chemicals in different compartments of a simple aquatic food-web. However, this model did
not include benthic organisms. Thomann et al. (1992) and Connolly (1991) have extended
similar models to successfully predict tissue concentrations in organisms in complex food-webs
that include benthic and non-benthic organisms. These models solve for a series of
accumulation factors (from water or sediment), one for each trophic level. Each accumulation
factor is dependent on an uptake rate divided by the sum of an elimination rate and a growth
rate. Rates are assumed to be at steady-state. Additional equations are presented to estimate
rates based on physiochemical properties (e.g., n-octanol/water partition coefficient [Kaw]).'

4.2.2.1.6.

Kinetic Models of Bioaccllmulation

The kinetic approach views bioaccumulation as resulting from the dynamic uptake and
elimination of a contaminant between different parts (compartments) of the system. Kinetic
models therefore are based on the rate of movement of the contaminant between
compartments. These models can be simple so-called first-order one-compartment ~odels
(cL Davies and Dobbs, 1984) or very complex multi-compartment models; so-called
bioenergetically-based toxicokinetic models (cL Landrum, 1989). These models may assume a
12
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linear relationship for the rates (which means that threshold processes may be misrepresented),
or more complex non-linear relationships can be used.
In the first-order one-compartment model, bioaccumulation is essentially the ratio between the
rate of uptake of a chemical and its elimination rate (elimination includes metabolism and
excretion) over infinite time. These rates are assumed to be constant and not a function of
sediment concentration, tissue concentration, or exposure route. The rates are, however,
dependent on factors which alter uptake or elimination such as differences in bioavailability,
physiology, or fceding patterns of different organisms. Essentially this model views the
organism as a compartment with one input and one elimination rate (Lee, 1992; Tetra Tech,
1985).
The bioenergetically-based toxicokinetic models incorporate more compartments and rates for
processes within the system than the one-compartment models. As an example, the
bioavailability or absorption of a contaminant in a specific sediment can be a variable in this
model (Lee, 1992; Tetra Tech, 1985). Rates used in these models can be estimated, and
complex models have successfully estimated observed BAF within an order of magnitude.

4.2.2.1. 7.

Bioaccuffiulation Model for SQO Estimation

Ultimately, the choice of which model shou:d be used when setting sediment quality objectives
will depend on which model more accurately predicts bioaccumulation given available data.
The EqP approach requires less data but may not be applicable to all contaminants or
organisms. The kinetic approach may be more useful for certain contaminant groups such as
metals whose chemical characteristics are difficult to generalize. Despite differences, Clark
et aI. (1990) showed that the equilibrium and kinetic models are just different ways of
expressing the same phenomenon. They also show the importance in any model of accounting
for differences in bioacccumulation between uptake from food and uptake from water.
Variations on both models need to be investigated to determine situations where they work best
in California.
A number of general factors will affect the accuracy of bioaccumulation modeling regardless
of model choice. These factors include: physical and chemical properties of the contaminants
(e.g., octanol/water partition coefficient); environmental characteristics (e.g., sediment
organic carbon, pH and temperature); and differences between species composition of the
food-web in an environment (Tetra Tech, 1985). Physical and chemical properties determine
the bioavailability of a particular contaminant. Chemical contaminants with log octanol/water
partition coefficients (log Kows) below two are highly soluble in water or are rapidly
metabolized and generally do not accumulate in fish. Contaminants with log Kows above
seven are so tightly bound to sediments that they do not accumulate in the food-web (Connell
and Miller, 1984). Environmental characteristics such as pH can alter the bioavailability of
some chemicals by affecting the ionic state of metals and their movement and toxicity. And
13
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high organic carbon content in the sediment will increase the sediment's holding capacity for
non-polar organic chemicals. ldentic'll or similar organisms may bioaccumulate different
concentrations of contaminant due to differences in the species composition and complexity of
the food-web (Lake et aI., 1990).
, i

4.2.3. Analysis Of

Uncer1ainti~sFol'The

Sediment Quality Objective Strategy

Although risk assessment and bioaccumulation modeling are based on sound sciendfic
principles, it is recognized that uncertainties are introduced by the u,nderlying assumptions and
extrapolations involved in these processes. ,Additional uncertainty and errors, may be
introduced by poor quality or inappropriate data., The discussion below identifies some oL,the
ways in which uncertainty may be introduced into the process of setting SQO. Recognition of
these areas of uncertainty is constructive for identifying weaknesses in the process and areas in
which the process can be improved, and is an integral part of the SQO strategy.

4.2.3.1.

Human Health Risk Assessment

The risk assessment process involves making assumptions and extrapolations which create
uncertainties in the estimation of acceptable tissue levels (NAS, 1975; NRC, 1983). One of
the more general assumptions is that the effects caused by a chemical in experimental animals
can predict the possible effects caused in humans. This affects both hazard identification and'
dose-response assessment. Another more controversial assumption is that the carcinogenic
effects caused by a chemical at high doses will also occur at much lower doses and that the
probability of this occurrence can be ~xtrapolated based on the magnitude of exposure. These
assumptions affect the dose-response assessment step in risk assessment. The assumptions in
this step of risk assessment are based on toxicological data and hypotheses. They are subject
to evolving interpretations of scientific knowledge which in some cases may result in changing
existing q I * 'or RfD values.
The most significant source of uncertainty in the exposu~e assessment step of risk assessment, is
the estimation of fish consumption rate (EPA, 1989a, and 1991). Exposure assessment
involves determining the dose of chemical contaminant that an individual is exposed to by
consuming contaminated fish. This ass~!sment is primarily based on two factors: (1) the
concentration of chemical con'taminant in specified fish tissues and (2) the amount of specified
fish tissues consumed. In determining SQO the chemical contaminant concentration in fish
tissues is determined by setting the risk and therefor,e the amount of fish tissue consumed is the
only variable.
The amount of fish consumption is difficult to estimate because adequate relevant data are not
available. It is- clear that for some people fish may be a large part of their diet, while others
may rarely eat any seafood. In reality, a number of subpopulations with different consumption
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behaviors exist, but for convenience and consistency a single average exposure has often been
used. Estimates most pertinent to setting SQO for California bays and estuaries would be
specific to fish consumption in the state and include different ethnic or other sensitive or
vulnerable subpopulations (i.e., pregnant women, children). At least one study would directly
apply to California (Puffer et al., 1982). Unfortunately, this study may be outdated, and it
only determined fish consumption for pier anglers.
Overall, the existing data allow some reasonable best estimates of fish consumption to be
made. However, developing alternative scenarios specifically for finfish or shellfish or for
sensitive subpopulations (e.g. fishers or children) should be pursued.
The Office of Environmental Health Hazard Assessment presently uses an exposure scenario
that assumes an individual consumes 23 grams per day of seafood (DHS, 1989). A
consumption rate of 23 grams per day is equivalent to 18.7 pounds per year, 1.6 pounds per
month, or roughly one meal (about 6 ounces) per week. This consumption rate is considered
to be a minimum for active anglers and higher consumption rates may be more representative
of anglers (DHS, 1989; Puffer et al., 1982). It should be noted, however, that estimates of
average consumption ranging from 23 to 40 grams per day do not change the calculation of
tissue levels by a significant amount. Such calculated levels would vary by less than a factor
of two.

4.2.3.2.

Predicting Bioaccumulation

Uncertainties can be introduced in the bioaccumulation modeling step due to inappropriate or
unmet assumptions (Lee, 1992; Tetra Tech, 1985). Each model is most sensitive to variations
in its own set of assumptions. For example, the EqP model will not be accurate when the
equilibrium assumption is not met while collecting laboratory data (i.e., data are used from
experiments which are conducted for less time than necessary for equilibrium to be reached).
Poor quality data used to model bioaccumulation can also introduce uncertainty. Laboratory
and field collected data can add different types of uncertainty. Laboratory tests cannot
simulate the complexity of real field situations. This will introduce uncertainty when
estimating bioaccumulation in a real food-web. One source of uncertainty in field generated
data is the assumption that all tissue contamination is due to a constant exposure level at a
single site. When contamination is unevenly distributed or when fish move within large
geographical areas this assumption will be violated.
The magnitude of the uncertainty will be established as these models are tested for specific
situations.
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5.0

STRATEGY FOR DETERMINATION OF SEDIMENT QUALITY OBJECTIVES

The OEHHA has divided the elements of the strategy for setting SQO into a series of tasks
necessary for implementation. These tasks are discussed below.

5.1.

Contaminant Selection And Prioritization (Task 1)

The selection of contaminants is guided by federal requirements under the Clean Water Act
which directs the states to set criteria for Section 307(a) priority pollutants for which EPA has
published Section 304(a) criteria. A listing of some priority pollutants and 301(h) pesticides is
included in Appendix 2.
Task 1: The OEHHA will establish a listing of contaminants for developing
California SQO based on human health. Criteria for listing include comparing
the EPA priority pollutants with California usage and monitoring data on
chemic'al contaminants in bay and estuarine sediments in order to identify the
chemicals most frequently discharged and detected in California sediments.
Additional factors to be considered in the process of identifying and prioritizing
the chemicals of concern-will be the potential for bioaccumulation (e.g., Kow),
toxicological concern' (e.g., potency), and the concentrations in sediments.
It is anticipated that this prioritized list of chemical ,contaminants of concern will be similar to
the list included in the Pollutant Policy Docu~ent (1988) for which MTRL have been derived.
5.2.

Human Health Risk Assessment (Tasks 2-4)

Human health risk assessment will be used in the SQO strategy to calculate maximum tissue
levels of contaminants. The steps in human risk assessment.are relatively straight-forward as
described earlier, but interpretation of the data requires professional judgement. Tissue levels
will be calculated that correspond to some specified level of health risk. The OERRA will
choose appropriate risk levels based on the toxicological properties of. each contaminant and'
health policy considerations.

5.2.1. Hazard Identification And Dose-response Assessment
TASK 2: Appropriate q 1* and/or RID vallles will be added to the prioritized
listing of chemicals developed in Task 1.
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5.2.2. Exposure Assessment
Appropriate fish consumption rates must be developed in order to calculate numeric SQO
because consumption rate is a major determinant in the equation for calculating maximum
tissue levels.
TASK 3: Consumption scenarios for finfish and shellfish and for sensitive
subpopulations (e.g., fishers or children) will be developed as appropriate.

5.2.3. Calculation of Maximum Tissue Levels
TASK 4: Maximum tissue levels will be determined for the prioritized list of
chemicals using the cancer potency (q I *) or reference dose (Rill) values and
consumption scenarios identified above.

5.3.

Predicting Bioaccumulation (Task 5)

A critical step in the process of developing SQO is the determination of BAF using one of the
models discussed above. Presently, there is limited consensus regarding the best model for
estimation of bioaccumulation.
BAF for the prioritized list of chemicals will be calculated using selected models and the
resulting values evaluated. There are differences between these models that may make one
more applicable under specific conditions (e.g., for metals vs. organics). These conditions
will be examined and described and only applicable models will be used for a given chemical.

5.3.1. Predicting Bioaccumulation using FM
TASK Sa: BAF will be determined using equation 3 described in section
4.2.2.1.1. which is based on food-chain multipliers.

5.3.2. Predicting Bioaccumulation based on the EqP Approach

will

TASK 5b: BAF
be determined based on the equilibrium models expressed
in equations 4, 5, and 6. The BS F, AF, and TBP variations on this model are
described in section 4.2.2.1.2, 4.2.2.1.3, and 4.2.2.1.4. The appropriate
equation will be selected based on the available input data.
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5.3.3. Predicting llioaccumulation based on Food-Web Compartments
TASK 5c: BAF will be determined using the food-web model equations of
Thomann et aJ. (1992) described in section 4.2.2.1.5.
5.3.4. Predicting llioaccumulation based on a Kinetic Model
TASK 5d: BAF will be determined using kinetic model equations like those of
Clark et al. (1990) described in section 4.2.2.1.6.

5.4.

Critique of Predicted Bioaccumulation Factors and Calculation of Sediment
,
Quality Objectives (Tasl< 6)

The results of the above calculations of BAF (Task 5) will be evaluated to determine the most
appropriate methods for application in California. Models will be evaluated based on
concordance of their predictions with known laboratory or field measurements of
bioaccumulation. This critique will include identification of the main sources and estimated
magnitude of uncertainty in the human risk assessment and the estimation of BAF. The most
appropriate BAF will be used to calculate a sediment level corresponding to the maximum
tissue concentration.
TASK 6: The results of this evaluation will be the identification of the most
appropriate BAF based on available data. The evaluation will also include
recommendations for further development and refinements in the process. The
selected BAF will be used to calculated a proposed SQO.

5.5.

Recommendation of Sediment Quality Objectives to the State Water Resources
Control Board
TASK 7: OEHHA will recommend to the SWRCB adoption of the proposed
SQO derived as described above.. The recommendation will include a summary
of the scientific basis for selection of the BAF and corresponding SQO and
discussion of related uncertainty.

6.0

SUMJ\.1ARY

The Office of ~nvironmental Health Hazard Assessment has developed a strategY for-. _
development of sediment quality criteria in cooperation with the State Water Resources
Control Board. The OEHHA recommends that the SWRCB adopt this strategy for
, development of SQO to protect human health. The strategy combines elements of human
18
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health risk assessment with methods for assessing bioaccumulation of contaminants in
sediments. It includes an evaluation of methods and uncertainties that should be addressed
before the adoption of California numeric SQO.
Once developed these SQO can be applied to the regulation of chemical contaminants in
aquatic sediments, to the identification of toxic hot spots, and to protect the overall beneficial
uses of the bays and estuaries of California.
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Proposed for Ocean Disposal. Testing Manual. Office of Water (WH-556F) EPA-503/891/001.
Washington State, Dept. of Ecology, Sediment Management Standards. Chapter 173-204
WAC, 1991.
Young, D. 1988. Report on the Assessment and Application of Pollutant Biomagnification
Potential in Near Coastal Waters. ERL - Narragansett. EPA 6oo/X-881295.
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8.0 GLOSSARY OF TERMS

Accumulation factor (AF) is the calculated bioaccurnulalion factor in one ofthe equilibrium
models of bioaccumulation (Rubenstein et al., 1987)..
Apparent effects threshold (AET) is a method of generating sediment criteria that focuses on
identifying chemical concentrations in sediments above which adverse effects will always
be found in aquatic species. This method has been used in Washington to set sediment
quality criteria for aquatic life.
Aquatic community is an association of interacting 'populations of aquatic organisms in a
given waterbody or habitat.
Benthic organisms are those organisms associated with the substrata of a body of water. This
includes all organisms living on or moving' in or on the sediments.
Bioaccumulation is the phenomenon whereby the concentration of a chemical in a living
organism accumulates to a concentration greater than that in the media (e.g., water or
sediment) that is the source of the chemical exposure.
Bioaccumulation factor (BAF) is the expression of the total bioaccumulation between an
organism and chemical contaminants in its environment. For aquatic organisms it includes
chemical accumulated via absorption (from water) and ingestion (from the food,.web). .
Bioavailability is a measure of the physiochemical access that a toxicant has to the biological
processes of an organism. In general, the lower the bioavailability of a toxicant, the.lower
its toxic effect on an organism.
Bioconcentration is the process by which a compound is absorbed from water through gills or
epithelial tissues and is concentrated in the body. This is a restricted form of
bioaccumulation which does not include accumulation from ingestion.
Bioconcentration factor (BeF) is the ratio of a substance's concentration in tissue versus its
concentration in water in situations where the food chain contamination and exposure is .
disregarded, assumed to be minimal, or expressed in some other way. This is a restricted
measure of bioaccumulation. For non metabolized substances, it represents equilibrium
partitioning between water and organisms.
BiomagnificatiOl).is the process by wl1ich the concentration of a compound increases in
species occupying successive trophic levels.
Biota sediment factor (BSF) is the ratio of the concentration of a chemical in tissue versus its
concentration in sediment in nature. BSF is similar to, but not equal to BAF. For aquatic
organisms it includes chemical accumulated via absorption (from water) and ingestion
(from the food-web). This is a closely defined expression of bioaccumulation.
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Cancer potency slope factor (q I *) is an indication of a chemical's potential to cause human
cancer. It is derived using animal studies or epidemiological data on human exposure.
This factor is the slope of the dose-response curve. It is based on extrapolating high-dose
levels over short periods of time to low-dose levels and a lifetime exposure period. A
linear model is used to perform this extrapolation.
Chemical contaminants are undesirable or toxic chemicals present in excessive levels in an
environmenc. Many of these are of anthropogenic origin.
Demersal fIShes are those that live and feed mainly near the ocean bottom (especially the
Sediment).
Dose-response assessment is the determination of the relationship between the magnitude of
exposure and the extent of biological response.
Ecosystem is a functional system of living organisms and their environment, in which there
exists a complementary relationship in the transfer and circulation of energy and matter.
Equilibrium partitioning (EqP) is a method for generating sediment criteria that focuses on
the chemical interaction between sediment and contaminants under presumed equilibrium
conditions.
Estuary is the place where fresh water from rivers and streams meet the salt water of the
ocean. Estuaries are bordered by or partially isolated from the ocean by continental land
masses. Estuaries may be associated with the mouth of a river, bays, and tidal marshes or
flats.
Exposure assessment is the determination or estimation (qualitative or quantitative) of the
magnitude, frequency, duration, and route of exposure to a chemical or physical agent.
Food-chain describes a series of transfers of material and energy from one organism to
another organism in a community as one eats or decomposes the other. These transfers
are linear and one directional.
Food-web is the interconnection of food chains to show how resources are shared and linked
in a habitat.
Fugacity or chemical potential is the measure of the tendency of a chemical to move from one
phase to another. Hypothetically a chemicals fugacity controls its biological activity.
This concept is a fundamental assumption in all bioaccumulation modeling.
Hazard identification is the determination of whether a particular chemical is or is not
causally linked to a particular adverse health effect.
-.
Infauna are animals living in a substrate, especially in sediments.
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Integrated RiSk Infonnation System (IRIS} :is ,an \EPA ,database :cont8.ining verified RIDs 'and
slope factors,and ,up'"'to-date health .risk :andiBRA ,regulator;yinfor.rtlabOn ifor 'numerous
chemicals.
Interstitial water (the same as pore water) is ,the water ;between sediment ipamCles Wh'ichis
tightly associated with sediment.
Kow (n-octanollwater partition coefficient) 'is the :ratio, in a ,two.;.phase 'system consisting 'of
n~octanol and water at equilibrium, 'of the concentration of a chemiCal :in the n-octanol
phase to that in the water phase.
No Observed Effect Level (NOEL) is an exposure level at which there :are ,no 'statistically or
biologically significant increases in the frequency or severity of ,any effect between the
exposed population and its appropriate control.
Non-polar organic chemicals are orgaJiic chemicals whose molecules are not polarized by
electrical charges. They typically have high affinity for lipids and :a low solubility in
water.
Pelagic organisms are those organisms that mainly live and move in the ocean Water colulnn
as opposed to in or on the ocean-bottom.
'
Persistent pollutant is not subject to decay, degradation, transformation, volatilization,
hydrolysis, or photolysis.
Pore water (the same as interstitial water) is the water between sediment particles which is
tightly associated with sediment.
Priority pOlluta'nts are those pollutants listed by the EPA Administrator under Clean Water
Act Section 307(a).
Reference dose (RID) is an estimate of the level ofdIDly exposure to a human popUlation that
is likely to be without an appreciable risk of deleterious effect during a: lifetime; deriVed
from no observed adverse effect level or lowest opserved adverse effect level.
Reference tissue concentration (RTC) is an estimate of the daily exposure ffom a specific
tissue to a human population that is likely to be without an appreciable risk of deleterious
effect during a lifetime; derived from No Observed Adverse Effect Level or LOwest
Observed Adverse Level.
Risk assessment is a process to estimate the likelihoOd that a given chemical exposure may
damage the health of exposed individuals.

.....
Risk characterization is the description of the nature and magnitude of human health risk dOe
'

to the exposure to a particular chemical or physical agent.
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Theoretical bioaccumulation potential (TBP) is a tissue concentration of chemical predicted
from a specific formulation of an equilibrium model for bioaccumulation. This is the
equilibrium model recommended by the U.S. Army Corps of Engineers (1991) for
application to dredged sediments. In calculating TBP a theoretically-based constant is
used.
Trophic level is a limited producer or consumer feeding group. Several levels in a community
are arranged in a hierarchical arrangement in food-chains.
Water quality criteria are comprised of numeric and narrative- criteria. Numeric criteria are
scientifically derived ambient concentrations developed by EPA or states for various
pollutants of concern to protect human health and aquatic life. Narrative criteria are
statements that describe the desired water quality goal.
Water quality standard is a law or regulation that consists of the beneficial designated use or
uses of a waterbody, the numeric and narrative water quality criteria that are necessary to
protect the use or uses of that particular waterbody, and an antidegradation statement.

Note:

Definitions in the glossary have been adapted from various sources including EPA
(1989c, 1989d and 1991).

____
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9.0

LIST OF ABBREVIATIONS AND ACRQNYMS

ADI -------------------------- Acceptable Daily Intake
AF -------------------'--------- Accumulation Factor
. AET-------------------------- Apparent Effects Threshold
BAF -------------------------- Bioaccumulation Factor
BCF -------------------------- Bioconcentration Factor
BPTC ------------------------ Bay Protection and Toxic Cleanup
BSF -------------------------- Biota Sediment Factor
DHS-------------------------- Department of Health Services
DRA ------------------------- Dose-Response Assessment
EA --------------------'-------- Exposure Assessment
EBEP ------------------------ Enclosed Bays and Estuaries Plan
EPA -------------------------- U. S. Envi ronmental Protection Agency
EqP -----------------~-------- Equilibrium Partitioning

FM --------------------------- Food-Chain Multiplier
HI ---------------------------- Hazard Identification

Kow -------------------------- n-OctanollWater Partition Coefficient
MTRL ----------------------- Maximum Tissue Residue Limit

NAS -------------------------- National Academy of Sciences
NOEL ----------------------- No Observed Effect Level

NRC ------------------------- National Research Council
OEHHA --------------------- Office of Environmental Health Hazard Assessment

q1* --------------------------- Cancer potency slope factor
RC---------------------------- Risk Characteri~tion
RID -------------------------- Reference Dose
RTC-------------------------- Reference Tissue Concentration
SDCDHS
-.:.------------------ San Diego County Department of Health Services
........

SQC-------------------------- Sediment Quality Criteria
SQO-------------------------- Sediment Quality Objectives
SWRCB -------------------~-State Water Resources Control Board
TBP -------------------------- Theoretical Bioaccumulation Potential
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APPENDIX I
Examples of Estimated Human Health Risks from Contaminated Seafood
(plausible upper limits)

Eating Activities

Estimated
Lifetime Risks

Typical exposure:
1.

23 g/day white croaker from the
Palos Verdes Shelf in southern California +

1.0 x 10-3 to
1.6 x 10-3

2.

15 g/day mixed diet of Quincy Bay
seafood, including lobster tomalley*

2.7 x 10-3

23 g/day trout fillet from the
Sacramento River at Anderson·*

5.1 x 10-3 ,

3.
4.

31 g/day mixed diet of San Diego Bay fish + +

1.1 x 10-4 to
2.9 x 10-4

Maximal exposure:
5.

225 + + + g/day white croaker from the
Palos Verdes Shelf in southern California +

1.0 x 10-2 to
1.5 x 10-2

6.

165 g/day mixed diet of Quincy Bay seafood'"

1.5 x 10-2 to
2.3 x 10-2

7.

225 g/day trout fillet from the
Sacramento River at Anderson

5.0 x 10-2

8.

165 g/day mixed diet of San Diego Bay fish + +

.'"

5.6 x 10-4 to
1 x 10-3

*

Calculated from" Analysis of risks from consumption of Quincy Bay fish and shell'fish,"
prepared by the U. S. EPA, 1988; tomalley is lobster hepatopancreas, which is
considered a delicacy.
••
Pollock et al., 1989.
+
DRS, 1991.
++ SDCDHS, 1990.
+++ Puffer, et aI., 1982.
Adapted from Pollock et aI., 1992.
- - - - - - - - - - - - - - - 30

--,

APPENDIX 2: List of Priority Pollutants and 301 (h) Pesticides Listed According to Structural Compound Class and
OctanollWater Partition Coefficients

Structural Compound
Class

ppll Pollutant

LogKow

1.46
2.42

Phenols

65 phenol
34 2,4-dimethylphenol

Substituted Phenols

21
22
24
31
57
58
59
60
64

2,4,6-trichlorophenol
para-chloro-meta-cresol
2-chlorophenol
2,4-dichlorophenol
2-nitrophenol
4-nitrophenol
2,4-dinitrophenol
4,6-dinitro-o-cresol
pentachlorophenol

3.69
3.10
2.16
3.08
1.77
2.91
1.53
2.85
5.00

5
28
35
36
37
56
61
62
63

benzidine
3,3' -dichlorobenzidine
2,4-dinitrotoluene
2,6-dinitrotoluene
1,2-diphenylhydrazine
nitrobenzene
N-nitrosodimethylamine
N-nitrosodiphenylamine
N-nitrosodipropylamine

1.81
3.02
2.00
2.00
2.94
1.83
-.58
3.13
1.31

acenaphthene
naphthalene
acenaphthlene
anthracene
phenanthrene
fluorene

3.92
3.59
4.08
4.34
4.46
4.38

I

w

......
I

Organonitrogen
Compounds

Low Molecular Weight
Polynuclear Aromatic
Hydrocarbons (PAH)

I

55
77
78
81
80

I

°PP: Priority Pollutant dosignotion number
bChlorinotod 301 (h) pllsticidos thot oro not on tho Prio!ity Pollutant list.
COrgenophosphorus 301 (h) pesticides thet ere not on tho Priority Pollutent list.
dNA = Not Appliceble

Adaptt:d from Tetra Tech, 1985.

Structural Compound
Class

ppll Pollutant

LogKow

High Molecular Weight
Polynuclear Aromatic
Hydrocarbons (PAH)

39
72
73
74
75
76
79
82
83
84

fluoranthene
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(k)fluoranthene
chrysene
benzo(ghi)perylene
dibenzo(a,h)anthracene
indeno (1,2,3-cd)pyrene
pyrene

5.53
5.61
6.00
6.60
6.85
5.60
7.00
6.00
7.70
4.88

Chlorinated Aromatic
Hydrocarbons

8
9
20
25
26
27

1,2,4-trichlorobenzene
hexachlorobenzene
2-chloronaphthalene
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene

4.23
5.23
4.72
3.40
3.44
3.53

Chlorinated Aliphatic
Hydrocarbons

52 hexachlorobutadiene
4.28
12 hexachloroethane
3.93
53 hexach lorocyclopentadiene 5.51

Halogenated Ethers

18
40
41
42
43

bis(2-chloroethyl)ether
4-chlorophenyl ether
4-bromophenyl ether
bis(2-chloroisopropyl)ether
bis(2-chloroethoxy)methane

1.12
4.92
5.08
2.58
1.26

(continued) .

"

Structural Compound

claSs

ppll Pollutant

Phthalates

66
67
68
69
70
71

bis(2-ethylhexyl)phthalate
butyl benzyl phthalate
di-n-butyl phthalate
di-n~tyl phthalate
diethyl phthalate
dimethyl phthalate

4.20
4.05
5.15
9.20
1.40
1.61

106
107
108
109
110
111
112

PCB-1242
PCB-1254
PCB-1221
PCB-1232
PCB-1248
PCB-1260
PCB-IOI6

6.00
6.48
4.00
4.48
6.11
6.91
5.88

Miscellaneous
Oxgenated
Compounds

129 TCDD (dioxin)
54 isophorone

6.10
1.67

Pesticides

89
90
91
92
93
94
95
96
97
98
99
100
101

3.00
5.48
6.00
5.75
5.69
6.00
3.60
3.60
3.60
4.56
5.60
5.45
5.40

".

LogKow

Structural Compound
Class

Pesticides (cont'd)

102
103
104
105
113

a-hexachlorocyclohexane
{J-bexachlorocyclobexane
6-hexachlorocyclohexane
y-hexachlorocyclohexane
toxaphene
mirex b
methoxychlorb
parathionc
malathionc
guthionc
demetonC

3.85
3.85
3.85
3.85
3.30
6.89
4.30
3.81
2.89
2.18
1.93

Volatile Halog~nated
Alkanes

6
10
11
13
14
15
16
23
32
44
45
46
47
48
49
50
51

tetrachloromethane
I ;2-dichloroethane
l,l,l-trichloroethane
l,l-dichloroethane
l,l.2-trichloroethane
1,1.2,2-tetrachloroetbane
chloroethane
chloroform
1,2-dichloropropane
dichloromethane
chloromethane
bromomethane
bromoform
dichlorobromoethano
fluorotrichlorometbane
dichlorodiflurometbane
chlorodibromomethane

2.64
1.45
2.47
1.78
2.18
2.39
1.54
1.90
2.28
1.30
0.90
1.00
2.30
1.88
3.53
2.16
-2.08

.:

.,.

Polychlorinated
Biphenyls (PCB)
as Aroclors

I

w
.0:

N

I

aldrin
dieldrin
chlordane
DDT
ODE
DDD
a-endosulfan
b-endosulfan
endosulfan sulfate
endrin
endrin aldehyde
heptachlor
heptachlor epoxide

LogKow

ppll Pollutant

I

app: Priority Pollutant dasignation number
bChiorinlited 301 thl pesticides that are not on the Priority Pollutant list.
COrganophosphorus 3011hl pesticides that are f10t on the Priority Pollutant list.
dNA .. Not Applicable

Adapted from Tetra Tech, 1985.

oj

,\

.

~,.:~~Ii"ued)

Structural Compound
Class

Volatile Halogenated
Alkenes

I
VJ
VJ

I

ppa

Pollutant

29
30
33
33
85
f>7
88

1,l-dichloroethylene
1,2-trafls-dichloroethykne
trafls-l,3-dichloropropene
cis-l,3-dichloropropene
tetrachloroethene
trichloroethene
vinyl chloride

LogKow

1.48
1.97
1.98
1.98
2.88
2.42
0.60
2.11
3.15
2.21

Volatile Aromatic
Hydrocarbons

4 benzene
38 ethylbenzene
86 toluene

Volati Ie Chlorinated
Aromatic Hydrocarbons

7

chlorobenzene

3.79

Volatile Unsaturated
Carbonyl Compounds

2
3

acrolein
acrylonitrile

0.90
1.20

Volatile Ethers

19 2-ehlorethylvinylether
bis(chloromethyl)ether

Metals

Metals (cont','d)

114
115
117
118
119
119
120
122
123
123
123
123

antimony
arsemc
beryllium
cadmium
chromium III
chromium VI
copper
lead
mercury
methylmercury
phenyl mercury
mercuric acetate

I

app: Priority Pollutant dosionolion number .
bChlorinatad 301 (hI pasticides thet are not on the Priority Pollutanl list.
COrganophosphorus 301(h) pesticides that are not on die Priority Pollutant list.
dNA = Not Applicable

Adapted from Tetra Tech, 1985.

1.28
NA d
NA d
NA d
NA d
NA d
NA d
NA d
NA d
NA d
NA d
d
NA
d
NA

. Structural Compound
Class

ppB Pollutant

ZinC

NA d
NA d
NA d
NA d
NA d

121 cyanide
116 asbestos

NA d
d
NA

124
125
126
127
128
Miscellaneous

LogKow

nickel
selenium
silver
thallium
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EXECUTiVE

SU~V

California Water Code Section 13393.5 requires the State Water Board to adopt
criteria for the priority ranking of toxic hot spots in bays and estuaries.
The criteria are to take into consideration factors relating to public health,
environmental quality, toxic hazards to fish, shellfish, and wildlife, and the
extent to which deferral of remedial action is likely to result in increases in
human health risks, environmental damage or cleanup costs. The priority
ranking of toxic hot spots for each region is to be included in a Toxic Hot
Spot Cleanup Plan which describes a number of factors including identification
of likely sources of the pollutants that are creating the toxic characteristics
at the site and actions to be taken to remediate each site. Waste discharge
requirements for each source identified as contributing to a toxic hot spot are
to be reviewed and revised (with certain exceptions) to prevent further
pollution of existing toxic hot spots or the creation of new hot spots. The
reevaluation of
permits is to be conducted in the order established by the priority ranking of
known toxic hot spots.
Staff has reviewed two ranking systems potentially suitable for satisfying the
Water Code Section 13393.5 requirements: the State Water Board's Clean Water
Strategy and the U.S. Environmental Protection Agency's Hazard Ranking System.
Since these systems were developed for purposes other than ranking of toxic hot
spots for Bay Protection and Toxic Cleanup Program (BPTCP), they cannot be
directly applied to the program. Staff has developed two alternative systems
for State Water Board consideration.
The principal characteristics of the alternatives are that they are based on
the definition of a toxic hot spot and rely only on existing information to
develop the rankings. The principal difference between the two alternatives is
the degree of detail provided in the rankings. The recommended alternative
(which is a modification of Clean Water Strategy) utilizes all available,
relevant information whereas the other alternative uses only some pertinent
information. The ranking system is designed to be integrated with monitoring
being conducted under the BPTCP. The monitoring data and other pertinent
information will be used in establishing site rankings.
This report contains an overview of the statutory and programmatic
considerations relevant to the development of ranking criteria. A brief
description of the Clean Water Strategy and the Hazard Ranking System is
provided, followed by the two alternative systems developed by staff. The
recommended alternative and an illustration of its application are also
presented. Further details on each of the ranking systems are provided in the
appendices.
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CRITERiA TO RANK TOXIC HOT SPOTS IN
ENCLOSED BAYS AND ESTUARIES Of CALIfORNIA
INTRODUCTION
The development of criteria for the priority ranking of toxic hot spots in
enclosed bays and estuaries is required by statute. This report reviews the
statutory requirements, programmatic considerations, various ranking systems,
and presents a recommended system for use in the Bay Protection and Toxic
Cleanup Program (BPTCP). Appendices are included which provide detail on the
ranking systems reviewed and numeric values for use in the recommended system.
Four alternative ranking systems are reviewed in this staff report. These
include the two existing ranking systems, the State Water Board's Clean Water
Strategy and the U.S. Environmental Protection Agency's Hazard Ranking System
used for ranking Superfund sites. Two additional ranking systems developed
specifically to address programmatic considerations of the BPTCP are presented.
One of these, a modification of the Clean Water Strategy, is proposed for use
by the BPTCP.
The site ranking criteria proposals were first discussed at the January 7, 1993
State Water Board Workshop. At that workshop, the State Water Board directed
the staff to conduct a staff workshop to solicit public comment. Staff
workshops were held on January 26 and 28, 1993. This staff report and the
proposed ranking criteria have been revised as a result of the comments
received on this subject.
The working definition of a toxic hot spot is presented below to provide the
context for recommending site ranking criteria. The State Water Board staff do
not recommend the adoption of this definition at this time. The State and
Regional Water Board staff would like to gain additional experience with this
definition before it is adopted by the State Water Board. After this
definition is tested more fully, we will bring the definition before the State
Water Board for consideration as a Statewide plan amendment or for
consideration for adoption by resolution. The ranking criteria proposed in
this staff report will be useable with any definition of a toxic hot spot.
BACKGROUND
The BPTCP is a comprehensive effort to regulate toxic pollutants in enclosed
bays and estuaries of the State. The program consists of both short-term and
long-term activities. The short-term activities include the identification and
priority ranking of toxic hot spots, development and implementation of regional
monitoring programs designed to identify toxic hot spots, development of
narrative sediment quality objectives, development and implementation of
cleanup plans, revision of waste discharge requirements as needed to alleviate
impacts of toxic pollutants, and development of a comprehensive database
containing information pertinent to describing and managing toxic hot spots.
The long-term activities include development of numeric sediment quality
objectives; development and implementation of strategies to prevent the
formation of new toxic hot spots and to reduce the severity of effects from

-1-

existing toxic hot spots; revision of water q4~lity c9ntrol pl~n~, cle&n~p
plans, and monitoring programs; an~ maintenance of th~ compr~h~nsive database..
The California Water Code, Section 1339~.Q, require~ the State W~terBoard to
develop and ~dopt criteria for the priority rqnking of toxic not spots in
enclosed pays and estuaries. The criteri~are to IItake into accQ~nt p~rtinent
factors relating to public health and environmental quality, inclUding but not
limited to potential hazards to public health, to~ic hazards to fi~h,
shellfis~, and wildlife, and the extent to which the deferral of ~ remedial
action will result or is likely to result in a significant in~rease in
environmental damage, health risks or cleanup costs.
1I

The role of the ranking criteria is to provide a prioritized li~t of sites
based on tne severity of the identified problem. The Water COde calls for
waste discharge requirements to be reevaluated in the ranked gr~er. Water Code
Section 13395 states, in part, that the Regional Boards shall "initiate a
reevaluation of waste discharge requirements for dischargers whQ, based on the
determination of the Regional Board, have ~ischarged all or part'of the
pollutants which have caused the toxic hot spot. These reeval~ations shall be
for the purpose of ensuring compliance with water quality control plans and
water quality control plan amendments. These reevaluations shall be initiated
according to the priority ranking established pursuant to subdivision (a) of
Section 13394 anq shall be initiated within 120 days from, gnd the last shall
be initiated within one year from, the ranking of toxic hot ~P9t~~!!
The priority ranking for each site is to be included in a Toxic Hot Spot
Cleanup Plan which describes a number of factors including identification of
likely sources of the pollutants that are ca~sing the toxic ph~racteristics anq
actions to be taken to remediate each site. The regional list of ranked hot
spots will be consolidated into a statewide prioritized list of toxic hot
spots, and incluqed in the statewide To~ic Hot Spot Gleanup Plan.
Within specificed periods of time, w~ste discharge requirement~ for each source
identified as contrib~ting to a toxic hot spot are to be reviewed ,and revis~d
(with certain exceptions) to prevent further pollution of existing toxic hot
spots or the formation of new hot spots. The reevaluation of permits is to be
conducted in the order established py the priority ranking of hot spots,

WORKING DEfI"ITION OF ATOXIC HOT SPOT
Water Code SectiOn 13391.5 defines toxic hot spots as 11,., lo~~tions in enclosed
bays, estuaries, or any adjacent waters in the Icontig~Qus zqne! gr the
locean' ... the pollution or cPntamination of Which affects the int~rests of the
state, and where hazardous substances have acpumulated in the wat~r or seqiment
to. levels which (l) may pose a substantial present or potential hazard to
aquatic life, wildlife, fisheries, or human health, or (2) maY a~v~rsely affect
the beneficial uses of the bay, estuary, or ocean waters as defin~g in water
quality control plans, or (3) exceeds adopted water quality or se~im~nt q4ality
object i ve$.
II

'

,

.

While the st~tutory definition provioe? the PAsis for iqentifYin~ hQt ~PQt&,
practical implementation requires a more detailed qefinition, Ag~Qrct;ngly, the
BPTCP has de~eloped a ~orki~g definition that includes five IItrigg~r~P fqt'
determin~tion of a kno~n to~ic hot spot:
'-
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OCn~

Toxic Hot Spot

A site meeting anyone or more of the following conditions is considered to be
a known toxic hot spot:
1. Site exceeds water or sediment quality objectives for toxic pollutants that
are contained in appropriate water quality control plans.
This finding requires chemical measurement of water or sediment, or
measurement of toxicity using tests and objectives stipulated in water
quality control plans. Determination of a toxic hot spot employing this
finding should rely on recurrent measures over time (at least separate
sampling dates). Suitable time intervals between measurements must be
determined by staff.
2. Water or sediment exhibits toxicity associated with toxic pollutants, based
on confirmatory toxicity tests acceptable to the BPTCP.
To determine whether toxicity exists, recurrent measures (at least 2
separate sampling dates) should demonstrate an effect. Appropriate
reference and control measures must be included in the toxicity testing.
The methods acceptable to and used by the BPTCP may include some toxicity
test protocols not referenced in water quality control plans (Table 1).
Toxic pollutants should be present in the media at concentrations sufficient
to cause or contribute to toxic responses in order to satisfy this
condition.
3. Tissue toxic pollutant levels of organisms collected from the site exceed
levels established by the Office of Environmental Health Hazard Assessment
(OEHHA), California Department of Health Services (DHS), United States Food
and Drug Administration (FDA) for the protection of human health, or the
National Academy of Sciences (NAS) for the protection of human health or
wildlife, or a health warning against the consumption of such organisms has
been issued by OEHHA or DHS.
.
Acceptable tissue concentrations are measured either as muscle tissue
(preferred) or whole body residues. Residues in liver tissue alone are not
considered a suitable measure for known toxic hot spot designation. Animals
can either be deployed (if a resident species) or collected from resident
populations. Recurrent measurements are required. Residue levels
established for the protection of human health can be applied to any
consumable species.
Shellfish: Except for existing information, each sampling episode should
include a minimum of three replicates and the value of interest is the
average value of the replicates. Each replicate should be comprised of at
least 15 individuals. For existing State Mussel Watch information related
to organic pollutants, a single composite (20-100 individuals) sample may be
used instead of the replicate measures. When recurrent measurements exceed
one of the levels referred to above, the site is considered a known toxic
hot spot.
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Fin-fish: A minimum of three replicates is necessary. The number of
individuals needed will depend on the size and availability of the animals
collected; however, a minimum of five animals per replicate is recommended.
The value of interest is the average of the three replicates. Animals of
similar age and reproductive state should be used.
4. Impairment is associated with toxic pollutants found in resident
individuals.
Impairment means reduction in growth, reduction in reproductive capacity,
abnormal development, histopathological abnormalities, or identification of
adverse effects using biomarkers. Each of these measures must·be made in
comparison to a reference condition (the endpoint measured in the same
species and tissue collected from an unpolluted site).
Growth Measures: Reductions in growth can be addressed using suitable
bioassays acceptable to the BPTCP (Table 1) or through measurements of field
populations.
Rearoductive Measures: Reproductive measures must clearly indicate .
re uctions in viability of eggs or offspring, or reductions in fecundity.
Suitable measures include pollutant concentrations in tissue, sediment, or
water which have been demonstrated in laboratory tests to cause reproductive
impairment; significant differences in viability or development of eggs
between reference and test sites; differences in sex ratios sufficient to
decrease reproductive. success.
Abnormal Develo~: Abnormal development can be determined using measures
of physical or behavioral disorders or aberrations. Indications that the
disorder can be caused by toxic pollutants, in whole or in part, must be
available.
.
Histopathology: Abnormalities representing distinct adverse effects, such
as carcinomas or tissue necrosis, must be evident. Indications that toxic
pollutants are capable of causing or contributing to the disease condition
must also be available.
Biomarkers: Direct measures of physiological disruption or biochemical
measures representing adverse effects, such as significant DNA strand
breakage or perturbation of hormonal balance, must be evident. Biochemical
measures of exposure to pollutants, such as induction of stress enzymes, are
not by themselves suitable for determination of known toxic hot spots.
Indications that a toxic pollutant causes or contributes to the adverse
effect are needed ..
5. Significant degradation in biological populations and/or communities
associated with the presence of elevated levels of toxic pollutants.
This condition requires a demonstration that diminished numbers of species
or changes in the number of individuals of a single species (when compared
to a reference site) are associated with concentrations of toxic pollutants.·
The analysis should rely on measurements from multiple stations. Care
should be taken to ensure that at least one site is not degraded so that a
suitable comparison can be completed.

-4-

Table 1.

Toxicity Tests used by and acceptable to the Bay Protection and Toxic
Cleanup Program. All of the toxicity tests listed in the California
Enclosed Bays and Estuaries Plan are also acceptable.

Type of Toxicity
Organism Used
Test
Common Name
Scientific Name

Reference

Solid Phase
Sediment

Amphipod
Amphipod
Amphipod
Polychaete

Rhepoxinius
Eohaustorius
Hyalella
Neanthes

ASTM, 1991
DeWitt et al., 1989
Nebecker et., al 1984
Johns et. al., 1990

Sediment Pore
Water Tests

Bivalve larvae

Crassostrea

ASTM, 1987; Tetra Tech
1986, Chapman &Morgan,
1983
ASTM, 1987
Anderson et al., 1990
Dinnel et al., 1990; with
modification by EPA, 1992
Anderson et al., 1990
Weber et al., 1988
Anderson et al., 1990
Middaugh et al. 1988
Spehar et al., 1982
Nebecker et al., 1984
Mount and Norberg, 1984;
Horning and Weber, 1985

Abalone larvae
Echinoderm
fertilization
Giant kelp
Red alga
Fish embryos
Cladoceran

Elutriate*
Tests

Bivalve larvae

Abalone larvae
Echinoderm
Giant kelp
Red alga
Mysid
Fish embryos
Fish larvae

.Myt ilus
Haliotis
Strongylocentrotus
Macrocystis
Champia
Atherinops
Menidia
Pimephales
Daphnia
Cereodaphnia
Crassostrea
Mytilus
Haliotis
Strongylocentrotus
Macrocystis
Champia
Holmesimysis
Atherinops
Menidia
Pimephales
Atherinops
Menidia

I

ASTM, 1987; Tetra Tech,
1986; Chapman and
Morgan, 1983
ASTM, 1987
Anderson et al., 1990
Dinnel et al., 1987
Anderson et al., 1991
Weber et al., 1988
Hunt et al., 1992
Anderson et al., 1990
Middaugh et al., 1988
Spehar et al., 1982
Anderson et al., 1990
Peltier and Weber, 1985;
Weber et al. 1988
Peltier and Weber, 1985;
Weber et al. 1988
Nebecker et al., 1984
Mount and Norberg, 1984;
Horning and Weber, 1985
I

Pimephales

I

Cladocerans

Daphnia
Cereodaphnia

Table 1 is continued on the next page.
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Table 1 (continued)
Type of Toxicity
Organism Used
Test
Common Name
Scientific
Ambient Water

Reference
N~me

Bivalve larvae

Crassostrea

Abalone larvae
Echinoderm
fertilization

Haliotis
Strongylocentrotus

Giant kelp
Red alga
Mysid
Fish embryos

Macrocystis
Champia
Holmesimysis
Atherinops
Menidia
pimephales
Atherinops
Menidia

Fish larvae

Pimepha1es
Cladocerans

Da hnia
Cereo aphnia

ASTM, 1987; Tetra Tech,
1986; Chapman and
Morgan, 1983
Anderson et al., 1990
Dinne1 et al., 1987;
with modifications by
EPA, 1992
Anderson et al., 1991
Weber et al., 1988
Hunt et al., 1992
Anderson et al., 1990
Middaugh et al., 1988
Spehar et al., 1982
Anderson et al., 1990
Peltier and Weber, 1985
Weber et al., 1988
Peltier and Weber, 1985
Weber et a1., 1988
Nebecker et al., 1984
Mount and Norberg, 1984
Horning and Weber, 1985

* Elutriate toxicity tests are of value in estimating the toxicity of

disposed sediments to aquatic organisms. Elutriate test results can be
used to qualify a site as a potential hot spot but should not be used
to 'confirm a site as a known hot spot. Either a pore water or a solid
phase test should be used to confirm toxicity.

Sites are designated as known hot spots after generating information which
satisfies anyone of the five conditions of the working definition. To
utilize this working definition, a list of toxicity tests has been
assembled. This list identifies toxicity tests that can be employed in
monitoring and surveillance activities described in regional monitoring
plans and partially satisfies the Water Code requirement [Section
13392.5(a)(2)] for standardized analytical methods (Department of Fish and
Game Marine Pollutant Studies Laboratory, 1992). The BPTCP toxicity methods
are listed in Table 1.
'

Potential Toxic Hot Spot
In addition to the identification of known toxic hot spots the statute
requires the identification of suspected or potential hot spots (Water Code
Section 13392.5). Sites with existing information indicating a possibility
of impairment but without sufficient information to allow a finding
consistent with the working definition of a known toxic hot spot are
classified as potential hot spots. More specifically, four conditions
sufficient to identify a potential hot spot have been determined. If any
one of these conditions is satisfied a site can be designated a potential
toxic hot spot. These are:
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1. Concentrations of toxic pollutants are elevated above background levels
but insufficient data are available on the impacts associated with such
pollutant levels to determine the existence of a known toxic hot spot;
2. Water or sediments containing toxic pollutants exhibit toxicity in
screening tests or tests other than those used by the BPTCP;
3. Tissue toxic pollutant levels in resident or test species are elevated
but do not meet conditions for determination of the site as a known hot
spot; tissue toxic pollutant levels exceed Maximum Tissue Residue levels
(MTRLS) derived from water quality objectives contained in appropriate
water quality control plans; or a health warning has been issued for the
site by a local public health agency; and/or
4. The level of pollutant at a site exceeds Clean Water Act, Section 304(a)
criterion, or sediment quality guidelines or EPA sediment toxicity
criteria for toxic pollutants.

ASSUMPTIONS AND LIMITATIONS OF THE RANKING CRITERIA
The Water Code Section 13393.5 requires that the criteria take intQ account
"pertinent factors relating to public health and environmental quality,
including but not limited to, potential hazards to public health, toxic hazards
to fish, shellfish, and wildlife, and the extent to which the deferral of a
remedial action will result or is likely to result in a significant increase in
environmental damage, health risks or cleanup costs."
In addition to the considerations stipulated in Water Code Section 13393.5,
several assumptions were applied to the evaluation of the various alternative
ranking systems.
Assumptions
1. Criteria should address broad programmatic priorities.
2. Criteria are to be used to organize internal work and program activities
(i.e., the evaluation of the need to adjust permit limits or monitoring
priorities).
3. Criteria are not designed to determine regulatory enforcement actions.
4. Ranking should be based on existing information at the time of ranking;
additional studies should not be required for the purpose of prioritizing
known or potential toxic hot spots (potential toxic hot spots will be
identified and additional information will be needed before a potential
site can be ranked as a known toxic hot spot).
5. Assessment of cost and feasibility of remedial actions for a site will be
considered in toxic hot spot cleanup plans but factors that influence cost
will be considered.
6. The priority list will be revised periodically.
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7. All other factors being equal, sites that are well characterized (i.e.,
significant amounts of available data) will rank higher than sites that are
less well characterized (i.e., few available data and greater uncertainty
about the site).
8. The best available scientific information will be used to
available-for site ranking.

evaluat~

the data

9. Sites for which cleanup or remediation has been implement€d but which
retain toxic hot spot characteristics will only be considered for reranking
if circumstances change that would allow for further reducing adverse
impacts at the site. A list of sites that have been remediated without
complete removal of toxic hot spot characteristics will be maintained.
10. A site that has been remediated will be removed from the priority list.
Lillitations

The ranking criteria are intended to provide the relative priority of a site
within the group of sites considered to be known toxic hot spots. Since not
all sites will have the same scope and quality of information available at the
time of ranking, this relative placement should be founded in measures of the
potential for adverse impacts. The determination that some adverse impacts are
occurring at the sites will have been made previously to the ranking and in
accordance with the definition of a toxic hot spot. While the ranking should
reflect the severity of the demonstrated adverse impacts, the full scope of
ecological and human health impacts will likely not be characterized at the
time of ranking, and therefore, should not be the goal of the ran~ing criteria.
These impacts may be addressed as part of the activities conducted pursuant to
the cleanup plans. The ranking criteria should provide a mechanism to
discriminate among all those sites considered to be toxic hot spots (using the
water code definition or other more specific definition) and thereby provide
for a placement of each site relative to other sites under consideration.
The ranking criteria are not to be used to define a toxic hot spot. The
determination of whether a site qualifies to be considered a toxic hot spot is
a separate and previous step. The BPTCP has establised a detailed working
definition of a toxic hot spot, which is consistent with the statutory
definition contained in Water Code Section 13391.5. The working definition
presented above is not proposed for adoption by the State Water Board at this
'time.
The ranking criteria are not to be used to d~fine cleanup actions or establish
cleanup levels. The actions to be undertaken to cleanup or remediate a site
will be developed on a case-by-case basis for each site. The considerations to
be addressed at all sites, together with special considerations for each site,
will be described in the cleanup plans required by Water Code Section 13394.
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RANOCING SYSTEM ALTERNATIVES

Four ranking systems are presented for consideration. Two of these systems
were developed for purposes somewhat different than those of the BPTCP. These
are the Clean Water Strategy used by the State Water Board for resource
allocations, and the Hazard Ranking System used by US EPA for Superfund site
prioritization. These systems are offered for consideration because they are
established and have been used with success for their respective purposes.
I.

Clean Water Strategy

The State Water Board's Water Quality Coordinating Committee, in 1990,
has developed the Clean Water Strategy (Strategy) as a management tool to
provide a common framework for applying the collective professional
judgement of State and Regional Water Board staff to identify and
prioritize water quality problems (Diaz, 1991). The Strategy consists of
six phases which, to date, have been partially implemented. These phases
are: (1) collecting water quality information, (2) comparing and ranking
the importance and the condition of water bodies, (3) prioritizing work
required to address threats and impairments of water quality identified
in Phase 1, (4) allocation of staff and contract resources to the list
generated in Phase 3, (5) implementation of the funded work, and (6)
review and assessment of results and products. CWS rankings are
developed through a collective professional judgement process. This
process uses criteria and numerical ratings to allow statewide staff to
separate and group waters in five levels of importance (value of the
resource) and within each each level of importance, to group the severity
of problems in five levels. The CWS does not rely on formulas or
weighted criteria in developing rankings. The CWS process relies on a
series of "bite size" judgements an d groupings, which when combined
result in general concensus on final rankings.
Phases 1 and 2 of the Strategy might be applied to satisfy the Water Code
requirements for Toxic Hot Spot ranking in the BPTCP. While the basic
purpose of the Strategy is to prioritize responses to water quality
problems (similar to Toxic Hot Spot ranking) there are some fundamental
differences in purpose and approach between the Strategy and the
requirements of the BPTCP. The most fundamental difference is that the
Strategy creates priorities for work based on ranking of entire water
bodies whereas the Hot Spot Ranking is intended to address hot spots
which, except in extraordinary cases, are likely to be localized areas.
In addition, the Strategy must consider a number of water quality
impairments other than those caused by toxic pollutants. For instance,
depressed levels of dissolved oxygen should be considered in the Strategy
but would be excluded for BPTCP purposes. A third difference is that the
Strategy generates independent ranked lists for several classes of water
bodies (such as rivers, lakes, and wetlands), while the BPTCP is required
to rank hot spots together, irrespective of the type of water body (such
as wetlands; fresh, brackish, and marine portions of estuaries; and
bays). Finally, the Strategy rankings are designed to support Phases 3
and 4; i.e., proposed responsive actions and allocation of resources. In
the BPTCP, determination of likely responsive actions to hot spot
designations are included as part of Toxic Hot Spot Cleanup Plans and are
not included in the ranking process.
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Since the Strategy was developed ,before t,heBPTCP 'was established, :it
will qikely be modified to ~nco~porate new info~mation f~om the ·BPTCP.
1ikely out'come of this modification owil ~ be that the toxic :hot spot
rarikings will be included as one ~f the many factors used to develop
water body ·rankings in the Str.artegy. In any case., the 'Strategy wil'l
cont~nue to be used for purposes ~eyond the scope of the ~PTCP.
A
summary of the ra:nki ngproces:s !Us ~ ng the Strategy is ;prov i de'd in
Appendix 1.
II.

A

Hazard Ranking System

The Hazard Ranking System (HRS) was developed as part of the
implementation of the national Superfund program (US EPA, 1990). The HRS
is designed to score the relative threat associated with actual or
potential releases of hazardous substances from specific sites and to
rank the site on the National Priority :List for sup~rfund cleanup. The
HRS provides a numerical value derived from the assessment of four
different environmental pathways each evaluated for three specific
factors. The pathways are: (1) ground water mi9ration, (2) surface
water migration, (3) soil exposure, and (4) air migration. The three
factors are (1) the likelihood of release, (2) waste characteristics, and
(3) targets. Through a series of steps, each pathway is assigned a
numerical score which integrates the assessment of the three factors for
that pathway. The pathway scores are then combined to produce the final
site value. The site is ranked against other sites based on this final
site value; larger numeric values receive a higher priority.
The actual derivation of a final site value is a rather complex process
that requires a significant amount of site-specific lnformation. Some
steps in the process are common to all four pathways while others are
specific to the particular pathway under consideration.
While the HRS provides a somewhat consistent treatment of sites for
ranking purposes, the requirement of extensive evaluation makes it rather
cumbersome and time consuming process. Furthermore, this system still
requires a number of assumptions and professional judgement in order to
complete the evaluation and ranking. The HRS was developed under
guidance from Congress that the system lito the maximum extent feasible,
. . accurately assesses the relative degree of risk to human health and
the environment posed by sites and facilities subject to review" (Fed.
Reg. Vol 55, No. 241, pg 51532). Although this directive does not
constitute a mandate for a full risk assessment before ranking, it has
been interpreted to require a more detailed analysis (as evidenced by the
HRS) than required for the purposes of the BPTCP. The level of details
required to complete an HRS evaluation does not seem justified for BPTCP
purposes.
Furthermore, the HRS is designed to emphasize threats to human health.
For example, two of the three factors in the surface water-overland/flood
migration path address human exposure (drinking water threat and human
food chain threat), and one factor addresses environmental threats
(sensitive environments). The scores for these factors further emphasize
human health by allowing a maximum score for drinking water and food
chain factors of 100 but only a maximum of 60 for environmental threats.
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When scores are computed for the final site value, the emphasis clearly falls
on human health considerations. This is in contrast to the BPTCP where human
health and environmental (aquatic life and wildlife) considerations are given
equal weight. Appendix II provides further information on the HRS criteria.

III.

Simplified

To~ic

Hot Spot Ranking Criteria

In looking for the simplest approach to ranking, it becomes clear that
using a single type of information greatly reduces the complexity of the
problem. An approach using only chemical data is presented below. This
approach satisfies Water Code requirements. It is quite easy and simple
to use but loses detail in the rankings when compared to the weighted
toxic hot spot ranking criteria discussed subsequently in this report.
SIMPLIfIED RANKING CRITERIA

1.

Tissue residues:
Assign values based on criteria listed below and using the average
concentration of pollutants reported for any organisms collected from the
site for a single sampling event. Assign a value for each substance that
exceeds its MTRL. Select the substance providing the highest score.
If a concentration of a toxic substance in tissue:
Equals or exceeds MTRL1 of 1000 ug/kg assign a value of 1
Between MTRL of 10 ug/kg and 1000 ug/kg assign a value of 2
Less than or equal to MTRL of 10 ug/kg assign a value of 3
Multiply by 2 if more than one substance exceeds its MTRL in the same
sample.

2.

Water column quality:
Assign values based on criteria listed below and using the concentration of
pollutants reported for ambient waters collected from the site. Use the
substance providing the highest score for exceeding water quality
objectives in the appropriate statewide plan. Ranking values are assigned
based on the values below:
For water quality objective equal to or over 1 mg/l, assign a value of 1.
For water quality objective between 100 ug/l and 1 mg/l, assign a value of
2.
For water quality objective less than 100 ug/l, assign a value of 3.
Multiply by 2 if more than one substance exceeds its applicable water
quality objective.

1 MTRLs (Maximum Tissue Residue Levels) are calculated by multiplying the
human health water quality objective in the appropriate statewide plan by
the chemical's bioconcentration factor (BCF) (Cohen, 1993). The BCF is
defined as the ratio of the contaminant concentration in tissue to
contaminant concentration in water. MTRLs proposed for use in the ranking
system are presented in Appendix 3.
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3.

Sediment values:
Assign values based on sediment weight-of-evidence guidelines recommended
for the State of Florida and the criteria listed below and using the dry
weight normalized concentration in bulk sediments collected from the site.
Use the substance providing the highest score.
Above the Probable Effects Level (PEL) assign a value of 3.
Between the No Observed Effect Level (NOEL) and PEL assign a value of 2.
Multiply.by 2 if more than one substance exceeds to NOEL.

4.

Final Ranking Value:
Values should be generated for criteria 1 through 3 wherever possible. In
some cases it will not be possible to generate a criterion. For example, a
pollutant of concern may not have an associated sediment value. In these
cases assign a value of zero for each criterion that cannot be fully
developed.
Sum the values for criteria 1 through 3. The resulting sum is the final
ranking value. The site with the highest score will be assigned rank #1.

IV.' Weighted Toxic Hot Spot Ranking Criteria

The ranking system presented below has been designed to (1) provide a
site-specific refinement of· the Clean Water Strategy and (2) address
specific requirements of the BPTCP (Water Code Sections 13390 et seq.).
A value for each criterion described below should be developed provided
appropriate information exists. 'Any criterion for which no information
exists should be assigned a value of zero. The sum of the values for the
six criteria will serve as the final ranking score. In developing the
score for each criterion an initial value is identified and then adjusted
by one or two correction factors as appropriate.
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WEIGHTED RANKING CRITERIA

1.

Human Health Impacts
Potential Ex~osure: Select from the following the applicable circumstance
with the hig est value:
Human Health Advisory issued for consumption of aquatic life from the
site (assign a value of 5); Human Health advisory issued for sensitive
populations consuming aquatic life from the site (4); Tissue residues in
aquatic organisms exceed FDA/DHS action level or OEHHA trigger level (if
available for the location) (3); Tissue residues in aquatic organisms
exceed MTRL (2).
Potential Hazard: Multiply the exposure value selected by one of the
following factors:
Pollutant(s) of concern is(are) known or suspected carcinogen 2 with a
cancer potency factor or an other pollutant of concernwith a r~ferbce dose
(assign a value of 5); Pollutant(s) of concern is(are) not known or
suspected carcinogens without a cancer potency factor or pollutant of
concern without an RFD (3); other pollutants of concern (1).

2.

Other Beneficial Use Impacts
A.

Rare, threatened, or endangered species present: Select from the
following the applicable circumstance with the highest value and one
other value if applicable. Do not use any species twice:
Endangered species present at the site (assign a value of 5),
Threatened or rare species regularly present at the site (4),
Threatened or rare species occasionally present at the site (3).
Multiply each identified value by 2 if multiple species are present in
any category. Add all resultant values for final Criteria 2A value.

2 These are substances suspected of being carcinogenic as classified in the
EPA Integrated Risk Information System (IRIS), by the Office of
Environmental Health Hazard Assessment or by the Department of Health
Services. A list of the substances proposed for use in the ranking system
is provided in Appendix 3.
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,B •

Dem.ons.t:r,ateda.guaUc 11.iJ.e :impacts: §eil:ect ·.one lor ,mor.e w,alliUels;);:
iComlRlJl1,i.ty ,i;mpair.mentsassoc.i,a.ted .wii:th tox'ic .por'luta·n:ts (.a'ss~.gn·a va'lue
0;1' 5'), st'a,t;fshcally ·s-ignirfii.c.ant ,tox1icHydemons:tra.ted ;wi·th acuite
,tox~:~'.i;ty testsacc~ptablle to ·:the ,BP:r;OP (~'.) ,St'a,ti st·i·c.aHy 's'i:gni'fii:cant
.tox~l~jty demonstrated in ·chnonk tox/icity tests acce,pt'ab\le 'to 'ithe :BPJ.CP
C3~, ;Y1epr.oduct~ ye i I1lPa i r.me.nts documented \('2 L itoxilc;; t'.Y ~ s {demonsitrated
o.nl1yoccasio.na:lly and .,does 'not ;CliP.pear se;vere enough ito ;alte,rine.s'fident
;ppriu~l at ion ~ (l).
.
Mult~pJy each value
;o.rgan~sms in

,of t'he

ana~ysjs

C.

..

by 2 ift.he demonstrated effects .exceed :80 ,percent
any given test or 80 pecent 'oW t'~e Ispecri.es tiln the

Chemaca 1 measures~':
i.

Ti·ssuer,e$i,dues exceed .NAS guide~ i,ne (assign ·a \v.aij:ueoif '3), at or
above State Mussel Watch Elevate~ Data level {EDL) 95 {2), greater
th.an State :Musse lW.atch EDL :85 but 'less than EDl 95 (l.).

ii.

',Water .qua~;ty o,bjective: Exceededregular1y\(assrig,n a value ·of
3), infr,e.quentlyexceeded (2).

iii.

Sediment values .(sediment weight of evidence guidelines
recommended for State of Florida)4: Above the Probable Effects
Leve 15 (PEL) (3), betwee.n the NO~L 6 and PEL (2). For a
sUbsta9ce with nocalcu'lated PEL: Above the effects range
medi~n
(ER-M) (2), between the effects range lowest 10
percent? (ER-L) and ER-M (1).

If multiple chemicals are above their respective EDL 85, water quality
objective or sediment value, select the, chemical with the highest value
for each of the criteria (i) through (iji) above. Add the values for (i)
through (iji) (above) to derive the initial value. Multiply the initial
val~e by 2 if multiple chemicals are suspected of contributing to the
toxic hot spot.

3 The tissue residue guidelines and sediment values to be used in the ranking
system should be the most recent version available. The guidelines and
sediment value? proposed for use in the ranking system are included in
Appendix 3. Water quality objectives to be used are found in the
Californi p Enqlo$ed Bays and Estuaries Plan, Inland Surface Waters Plan or
Califqrnia Ocean Plan (depending on which plan applies) .. Where a regional
water qyality control plan (Basin Plan) contains a more stringent value
than the statewide plan. In such a case, the regional water quality
objective will be used.
Footnotes 4, 5, 6 and 7 are listed on pages 20 and 21.
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3.

Areal Extent of Toxic Hot Spot
Select one of the following values:
More than 250 acres (assign a value of 10), 50 to 250 acres (8), 10 to less
than 50 acres (6), less than 10 acres (4).

4.

Pollutant Source
Select one of the following values:
Source of pollution identified (assign a value of 5), Source partially
accounted for (3), Source unknown (2), Source is an historic discharge and
no longer active (1).
Multiply by 2 if multiple sources are identified.

5.

Remediation Potential
Select one of the following values:
Site is unlikely to improve without intervention (4), site mayor may not
improve without intervention (2), site is likely to improve without
intervention (1).
Multiply the selected value by one of the adjustment factors listed below:
Potential for immediate control of discharge contributing to the toxic hot
spot or development of source control/waste minimization programs (assign a
value of 4), potential for implementation of an integrated prevention
strategy involving multiple dischargers (3), site suitable for
implementation of identified remediation methods (2). If site can not be
classified (assign a value of 1).

6.

Involvement of multiple agencies
If government agencies other than the State or Regional Water Boards have
interests in assessing or managing the site, assign a value of 10.

Rationale for Criteria

This section decribes the rationale for each of the six criteria listed above.
1.

Human Health Impacts
The human health impacts criterion has two parts: An estimate of potential
exposure and an estimate of potential hazard. For the exposure estimate
the highest score is given if a general human health advisory has been
issued. This type of advisory is an indication that aquatic life used for
consumption is severly contaminated (i.e., the beneficial use is severely
impaired). A human health advisory issued for a sensitive population
(e.g., pregnant women, subsistence fisherpersons, etc.) is less severe than
the general advisory because fewer people would generally be affected. The
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FDA/DHS ,action levels receive a lower 'scor'e 'because the'se v'alues dOliot
take into consideration the site-speclfic factors 'of the ri:sk assesments
used for human health advisory iS'sued for a site. A tis'sue residu'e level
above theMTRL does not by itselfdemolls'trate a waterbody impairment.
MTRLs receive the, lowest scor'es because tl~ey are estabHshe'~ for -a~:pecific
consumption rate (6.5 g/day for the Inland Surface WatersPla'fi anti the
Enclosed Bays and Estuaries Plan and 23 g/day for the Cal ifor'ni'aOce'an
Plan) and at a cancer risk level of one i~ one million.
The potential hazard factor assumes that the risk posed by known or ,
suspected carcinogens with a cancer potency developed or ~Ii other pollutant
of concern wi th a reference dose ava il ab le is greater than the risk posed
by pollutants without a cancer potency or reference dose available. This
is consistent with the approach taken in the three Statewide Plansi EPA
methods for calculating water quality criteria, and the approaches of OEHHA
and DHS.

A.

Rare, threatened or endangered species

This criterion evaluates the occurente of rare, threat~ned or enqangered
species at a known toxic hot spot. The highest value is assigned if an
endangered species is present and lower SCores if threatene~ or rare
species is regularly or occasionally present at the site. Association with
endangered species is considered more severe than regular or occasional
presence of rare or threatened species.
If multiple species in the categories are present the vaiUe is multlpiied
by 2. This value was selected to reflect the additi6ndl t6ffiplexity of the
situation when more than one rare, threatened or endangered species is
present.
B.

Demonstrated Aquatic Life Impacts

This criterion is a measure of aquatic life impact from tne most severe
conditions to less severe conditions. Measurements of actual measured
marine or bay community impairment indicates that there .i~_a direct
measurement of impact. These kinds of impairmentS are·diffidU1t to measUre
and would only be measureable at the most highly impacted ,slt§s~" LdW.r
values are assigned to acute (short-term) and chronic toxicitY,(lbng-term
or sensitive life stage tests) which serv~ as indicators of a~t~~l im~acts.
Reproductive impairements and occasional toxicity are given tHe lowest
values because of the difficulty in inter~reting these effects On aquatic
life populations.
If multiple species are effected the value is multiplied by 2 t6 refi~ct a
more severe cond it ion. Th is mu It i P1ier is a1so app 1ied . if over go per-Gent
of the test organisms are effected. This factor will ~llow f6f
distinctions to be made between moderate and more severe repdN§'~ of
organisms.
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C.

Chemical Measures

This criterion has three parts: (i) Tissue residues, (ii) water quality
objectives, and (iii) sediment values. As described in the last section of
this criterion, if multiple chemicals are suspected of contributing to the
known toxic hot spot then the sum of (i) through (iii) is multipled by 112".
i.

Tissue Residues and Water Quality Objectives

Tissue residue levels are very difficult to evaluate in terms of impact on
aquatic life but some measures do exist to aid in the interpretation of
chemicals bioaccumulated in fish or shellfish tissue. The NAS (1972) has
evaluated tissue residues for several chemicals. In this criterion, if an
NAS guideline is exceeded the highest score is received. Elevated data
levels (EDLs) from State Mussel Watch, are given lower values depending on
whether the EDL is above 95 percent or 85 percent. EDLs are given lower
scores because they do not measure actual effect on organisms. EDLs are
included because State Mussel Watch information is generally available and
these data are valuable in assessing the relative exposure of organisms to
toxic pollutants.
The "water quality objective" criterion gives a higher value when a water
quality objective from the appropriate water quality control plan is
exceeded regularly. If an objective is infrequently exceeded a lower score
is given.
ii.

Sediment Values

The inclusion of sediment values in evaluating chemical constituent
concentrations deserves some clarification. A major focus of the Bay
Protection statutes is the assessment of sediment quality. At this point
in time, a comprehensive collection of numeric values for toxic pollutants
in sediment, similar to water quality objectives, does not exist. However,
two related efforts have been completed that provide an overview of
sediment quality. These are the National Oceanic Atmospheric
Administration (NOAA) technical memorandum NOS OMA 52 by Long and Morgan
(1990), and the sediment weight-of-evidence guidelines developed for the
Florida Coastal Management Program (1993).
Long and Morgan (1990) assembled data from throughout the country for which
chemical concentrations had been correlated with effects. These data
included spiked bioassay results and field data of matched biological
effects and chemistry. The product of the analysis is the identification
of two concentrations for each substance evaluated. One level, the Effects
Range-Low (ER-L) was set at the 10th percentile of the ranked data and was
taken to represent the point below which adverse effects are not expected
to occur. The second level, the Effects Range-Median (ER-M), was set at
the 50th percentile and interpreted as the point above which adverse
effects are expected. A direct cause and effect linkage in the field data

-17-

was."ot ~ r~quir~m~nt for inC1u.§iRn n., th.~ ~n.,~lY~iS~ Th~r~fgre, A~V~.,.~se.
biologi~Al ~ffects recprded from a § t~ ~q4lq p~ Attrip~t~g tp pqth a ~igh
conG~ntr~tion of one subst~nce ~n9 q low pOPGentr~tipn of ~ngth~r ~ubsta~~e
if bo~h s~Q$~anGes were meas~red ~t th~ ~ite: T~e qdV~r~~ eff~gt'in fi~l~
qata G04lq be c~used by either one, or pqth, or neither. 8f t.h~ t~~
supst~nQes of concern· This intr.pd~ces q pertain qe9re~ Rf amb.i94ity intq
the analysis. Additionally, both fresh and salt ~ater §it~~ w~r~ 'in¢lH~eq
in the ~nalysi~ and no attempt w~s. m~qe tq distinguish petw~~n th~s.~ t~o
types of sites. Finally, sites not qe~on~tratin9 any a~v~F~e ~ff~cts ~ere
eXGlude~ from the derivation of the ER-L ~nq ER-M~
The project funqed by the State of Florida (l993) reviseq anq exP.~nq~~ the
Long and Morgan (1990) data set and then identified two levels of concern
for each substance: the '!NOEL" or no observable effer;t J~y~l, anp the '
~PEL" or probable effect level.
Some asp.cts of this wor~ represent'
improvements in the origin~l Long and Morgan analysis. Fir§t, the qata \yas
restricted to m~r1ne and estuarine sites, 'thereby removing !he ~m~1g~itie~
a~sociated with the inclUsion of freshwatE!r sites.
~econd., ~ small'pqrtiory
of the origin~l Long and Morgan (1990) database was expluqed, while a
considerable increase in the total data was realized due to inclusion of
new i~formation. Th~ basi6 criteria f~r ~at~ accep ta r6 e ~ri~ f6~' ,-,
classifying the information within the database were es~@ntiRllY the same
as ~s~d by Long and Morgan (1990).
The developmeDt of the NOE,L and P,EL differ frqm Long an~ M.or~ga~' s
development of ER-L aDd ER-M in that data showing no ~ff~~ts'~er~
incorporateq into tre analysis. In the ~ei9ht~of-evid~np~ ~pproach
recommended f.or the State of Floridp! twodcitabases ~en# ~H~!l1.Q·l,edi ~ "n,Oeffects database and an effects databa$e. T,he PELwq.,s g~n,erat~d by
taking the geqmetri~ mean of th~ 50th percentile value in ~h~ eff~cts
database .and th~ 85t~ percent 11 e va 1ue of the n,a-eff.ects ~,q:ta.,base. The
NOEL was g~nerat,ed by t.a~ ing t,he geollJetr.i,cl)1ean of tl)e 1:~t~ p,er"c,e,l)~ jJe
val~e in the effects databq.se an~ the 50th percen~ile Y,JH~ ~f the npeffects database and div~qjng ,by a safety factqr of 2" ,By in,c),u,djng't,l)e no
effect dat~ jn the ~n~Jysis, 0 tlearer pi~ture of t~e ~hewj~al'
,
conGentrations ,associ~ted witt) t,l)e three . r.a,nges of co,nq~r.:~; nq-,eff.e,cts,
poss ~b'le effects, and prQ~ab ~e eff.~,ct~, ,c~.n be ~stab Jj,~,~,e9: T~,e .E~,:,.M,
vo ll,l.es fr..om Long anl;! ,M,organ ~,~990) anq PE~L v,a lues frqm ,t;h,e 'W,~·j,9:~t':':9f:.'
ev ide.f;lce .approach r,ecommendea for th,e ~ta~e of Fl.o,ril;!,a~r\e IPr~te,Y;lMgJ,~
Tab~,e 2.
T,l)e we i ght~oiF.~ev ide,f;lc.e approac:h ,re,c.o,m,me,D,ded f,9tt;ry,~ :~tGl~,e ,of
Florido has ,not yet estt;lbJjshed guideHne$ fpr f~ye s,uQ~MI~'~'~~~ i,l;1c;~iy,(t~,d jl~
the L,on9 and Morgan .(1990 ) analysis ,(Ta,b Je2 L. (v,en t:l)oy,gl~ t:~,~ lL;9,Q,9 ,~:~(9
Morgan (1990) approac,h ,may~av,e ~ ~;mite;ttions, jt is ~i(11.P..ortlQt ~,9 j\r:l,c;~;~,de
in e,v,aluatin.g rankj,ng for t:he ,si,x pQnut,a,nts ~ist,ed ~rl T~:Q~,~ j ,jrt:~,e A,at,~
are a.v.aiJable.Be,cause of the J~wit,ation~ ;i,r:11,1s:i:ng t:h,e :E.~-!~ 9n,Q !E,R.~:~, "
low~r va~ues ,have Q,ee,l1 assi;9ne.d ,as ~9'11parie9 ~9,~,~en .~ lP;EL e;~,~ 1~,9ISL 8,r,~
II

'I

II

,n

ava~lable.

;

3.

Areal Extent of Toxic Hot Spot
The rationale for this criterion is to discount smaller sites because these
sites will be difficult or perhaps may not be practical to remediate. This
criterion is an estimate only. If the areal extent is completely unknown
this criterion should be assigned a value of zero. While this estimate may
over- or under-estimate the size of the toxic hot spot, we assume that one
of the first steps in planning for a cleanup of a known toxic hot spot will
be a charaterization of the size of the hot spot before any remedial
activity occurs.

4.

Pollutant Source, Remediation Potential
and Involvement of Multiple Agencies
These three criteria involve judgments of whether the sources of pollutants
are identified, the likely remediation potential, and whether the State and
Regional Water Boards are likely to be joined in site remediation by other
agencies and the responsible parties. These criteria will be based on the
experience and judgement of the State and Regional Water Board staff.
The "pollutant source" criterion scores a site on the basis of knowledge of
whether the source of pollutant is known. If the source is a result of a
historic discharge (no longer active) a site is given the lowest score
because it will be impossible to improve the site by modifying existing
practices. The "remediation potential" criterion is an estimate of whether
the site is amenable to intervention and whether waste minimization or
prevention programs (implemented through permits) could be used to solve
identified problems. Sites requiring sediment or other remediation or
other expensive approaches receive a lower score. The "involvement of
other agencies" criterion lS an estimate of the potential for other
agencies to assist the State and Regional Boards in implementing or
initiating site cleanup or characterizing a site. The rationale of this
criterion is that if other agencies are involved in addressing the problem
at a site the State and Regional Board's involvement may more expeditiously
cleanup the site.

-19-

TaMe 2:Coll1parison of sediment s'creenri ing,i\levelsdeveloped :by INOAA '(t,ongand
Morgan, 1990) and the weight-of-evidence ap,proachrecommendedf'o'Y' 1the'Stateof
Florida (1993).
,
State of florida'
SUBSTANCE

PELS

NOEL6

NOAA

ER-r;"y

,,.

ug/kg

Organics
Total PCBs
Acenaphthene
Acenaphthylene
Anthracene

25
30
35
80

27,0
450
500
800

380
650

Fluorene
2-methyl naphthalene
Naphthalene

25
25
140

450
330
1100

640
670
'2100

Phenanthrene
Total LMW-PAHs

150
250

1300
2500

1380

Benz(a)anthracene
Benzo(a)pyrene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Pyrene

,160
220
200
60
380
300

15,00
1900
1800
300
3900
1900

1600
2500
2800
260
3600
2200

Total HMW-PAHs
Total PAHs

900
2900

9000
29000

35000 ,

p,p'-DDE
Total DDT

1.7
2.3

100
300

15
350

Metals

960

!!!9Lk9.

Arsenic
Cadmium
Chromium

10
1
35

70
8.1.1
230

Copper
Lead
Mercury

30
25
0.15

200
170
1.4

390 110
1.3

'"

Silver
Zinc

2.2
270

3.5
70

2.5
280

i,

4

' 85
9
145

Values are for bulk sediment chemistry on a dry weight basis.
(footnotes continued on next page)
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Table 3: Screening levels developed by NOAA (Long and Morgan, 1990) for which
no PEL or NOEL is established.

ER-M7 ug/kg

SUBSTANCE

ER-L7 ug/kg

Chlordane
Dieldrin
Endrin
2-methylnaphthalene

0.5
0.02
0.02
65

6
8
45
670

Antimony
Nickel

2000
30

25000
50

STAFF RECOMMENDATION
The Weighted Toxic Hot Spot Ranking Criteria are recommended for use for the
BPTCP. An example of the application of this method is presented below.

TRIAL APPLICATION OF THE RANKING CRITERIA
Evaluation of the weighted toxic hot spot ranking criteria was accomplished by
applying the criteria to two known hot spots: the Sacramento River stretching
from Freeport to Hood and Cabrillo Pier in Los Angeles Harbor. The information
available for the sites is mostly contained in two documents (Montoya 1991 and
Birosik 1991) and is summarized below. A table listing the values assigned to
the two sites for each criterion is also presented.

Where information suggests that natural background metals concentrations
exceed the PEL, normalizing factors (e.g., Acid Volatile Sulfide:
Simultaneously extracted metals [Di Toto et al., 1990]) may need to be
applied.

5 PEL is that concentration above which adverse biological effects are likely
to occur. It is developed by taking the geometric mean of the 50th
percentile value of the effects database and the 85th percentile value of the
no-effects database.
.
6 NOEL is defined as the sediment concentration below which adverse effects are
not likely to occur. The value is derived by taking the geometric mean of
15th percentile of the effects database and the 50th percentile of the noeffects database and dividing by a safety factor of 2.
7 The ER-M is analogous to the PEL. It is that concentration above which
adverse effects are likely. It is developed by taking the 50th percentile of
the ranked adverse effects data in the Long and Morgan database. The ER-L is
developed by taking the 10th percentile of the ranked adverse effects data.
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As summarized by Montoya (1991), the U.S. Geological Survey has reported water
hardness and both dissolved and total concentrations of a variety of metals at
the Sacramento River site for a number of years in both wet and dry seasons.
Similar data has been produced by the Central Valley Regional Water Quality
Control Board as recently as 1991, and the Regional Water Board has performed
thr~e-species water toxicity testing in recent years.
The State Water Board1s
Toxic Substances Monitoring Program has reported levels of organic chemicals and
metals in game and other fish collected annually at Hood since 1977. The FDA
Action Levels are not exceeded but there is a human health warning for mercury
(Hg) in Striped Bass. Other relevant information is the presence of an
endangered species, winter run chinook salmon (Steinhart, 1990); demonstrated
chronic toxicity in multiple species; exceedance of NAS DDT levels; and regularly
exceeded water quality objectives for metals.
Data for the Cabrillo Pier area of Los Angeles Harbor consists largely of a
recent human health risk assessment (Pollock et al., 1991). Human' health impacts
are demonstrated by a sportfishing health advisory against the consumption of
resident species caught in the vicinity of Cabrillo Pier. The hazardous
substance of concern is DDT, a carcinogen. An endangered species, 'California
Least Tern, is present in the area, and exceedance of NAS DDT levels have been,
reported.
Areal extent of both sites is relatively difficult to judge because the media
used to qualify the sites (water in the Sacramento River and fish at Cabrillo
Pier) show greater movement than sediment. Nevertheless, it is safe to assume
that both are larger than 50 acres. Both sites are also similar in that,the
pollutant sources are multiple and partially accounted for. Metals in the
Sacramento River can originate from urban runoff, ,point source discharges,
agricultural practices, acid mine drainage, and other sources. DDT and PCB in
fish caught from Cabrillo Pier can originate from widely scattered reservoirs in
sediment, urban runoff, and perhaps aerial deposition. Both sites are similar in
that improvement is unlikely to occur soon without intervention.
The two sites differ, however, in their potential for implementation of an
integrated prevention strategy. Controlling metals in the river may be
successful because the variety of sources can be controlled through waste
discharge requirementsj controlling the sources of DDT and PCB is probably not
possible with waste discharge requirements. Finally, due to widespread interest
in the health of the Delta and concern for threats to human health at Cabrillo
Pier, both of these sites are likely to gain the interest of multiple agencies.
Ranking criteria scores'for these two -known toxic hot spots are presented in
Table 4. In summary, the Sacramento River hot spot scored higher than the
Cabrillo Pier site. This was due in large part to the greater chemical and
aquatic life impacts and a greater the likelihood of success of an integrated
control strategy, these higher values were somewhat compensated for by a greater
human health impact at Cabrillo Pier.
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Table 4: Ranking Criteria Scores for Two Known Hot Spots
the Sacramento River (Freeport to Hood) and Cabrillo Pier
Known Hot Spot
Criteria
1. Human health impact
a. Potential exposure
b. Hazard

Human Hea lth
Advisory (Hg)

5

Non-Carcinogen
with RFD

3

Carcinogen 5
with cancer
potency

15

25

c. Total score (a x b)

Human health
advisory
5

2. Beneficial use impacts
a. Endangered species
b. Aquatic life

Endangered species
present
5
Chronic toxicity
3 x 2

c. Chemical measures
i. Tissue residues
ii. Water objective
iii. Sediment values
Total score
3. Areal extent
4. Pollutant source

5. Remediation potential

6. Multiple agencies

=6

DDT NAS level
exceeded
3
Metals regularly
exceeded
4
No data
0
7 x 2

14

>50 acres

8

Metals in river
water from multiple sources
3 x 2 = 6
Improvement unlikely without
intervention by
an integrated
strategy
4 x 3 = 12
Avoiding Delta impacts will likely
interest multiple
agencies
10

Cumulative Score

86
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Endangered sp.
present
5
Not demonstrated

o

DDT NAS level
exceeded
3
No data

a

No data

0

3 x 2

=

>50 acres

6
8

DDT & PCB in
f ish from mu It i ple sources
3 x 2 = 6
Improvement unlikely without
intervention but
strategy is unclear
4 x 1

=

4

Remediating the
identified problems
interests NOAA
10
64

RANKING OF POTENTIAL HOT SPOTS
The BPTCP will conduct confirmatory work on potential hot spots to determine if
they are known toxic hot spots. Since a large number of potential hot spots
are likely to be identified, some manner of scheduling the confirmatory work is
needed.
In contrast to known hot spot ranking, Potential Hot Spots have sybstantially
less information available for ranking purposes. Furthermore, since monitoring
costs are much lower than probable remediation costs, the ranking of sites for
monitoring purposes does not justify the level of detail used for known toxic
hot spot ranking.
Consequently, ranking of these sites is less quantitative,
consisting simply of the grouping of sites into high, medium, and Tow
probability of qualifying as a known hot spot. The predominant types of
information available for ranking are State Mussel Watch (SMW) tissue levels,
sediment contaminant levels, and, less frequently, toxicity testing. Other
kinds of data which are only occasionally available include organism
impairment, community degradation, and water contaminant levels.
The highest rank is reserved for sites that are most likely to qualify as known
hot spots due to the existence of data indicative of high risk and falling into
one of the five conditions for qualification as a known toxic hot spot. Such
data will include positive toxicity testing results, tissue contaminant levels
approaching NAS, FDA, or OEHHA protective levels, and occasionally other
appropriate data. Sediment contaminant data are not included because no
chemical-specific sediment quality objectives have been adopted in water
quality control plans. Generally, old information will have less importance
than recent data, unless the recent data is not particularly useful in judging
the likelihood for known hot spot qualification. For example, recent positive
toxicity tests will probably be considered equivalent to screening and
therefore require confirmatory toxicity testing. Conversely, recent SMW
results below NAS, FDA, or OEHHA protective levels will probably be judged
unworthy of further tissue testing if territorial fish are unavailable at that
site.
The "medium" rank consists of sites with high sediment contaminant levels, as
judged first using the PEL sediment screening values, and the values from Long
and Morgan (1990) for additional substances where an ER-M is available.
Sampling and analysis of fish tissue will focus on SMW sites with EDLs over 85
unless the results of high rank sites show that fish are unavailable or
incapable of concentrating pesticides, PCB, or mercury above protective levels.
Remaining sites are of low rank and consist predominantly of sediment
contaminant levels below ER-M, PEL values and/or SMW EDL 85.
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SUflt4ARy
The Clean Water Strategy (CWS) is a renewed commitment by the State and Regional
Boards to focus efforts on the highest priority water quality needs. As part of
this commitment, the way priorities are determined and decisions made was reviewed.
That review revealed a need to more fully consider water body information in
deliberations. To accomplish this, an enhanced Water Quality Assessment was
developed, and improvements were made to reinforce water body based decision making.
These features include greater reliance on information from the Water Quality
Assessment, a comprehensive evaluation of needs, and a systematic way of weighing
considerations such as risk, feasibility, cost/benefit, and trade-offs. Applying
these features ensures water body based decision making at the program, region, and
statewide levels. This ensures that California's highest priority water quality
needs are addressed.
INTRODUCTION
The following provides an outline of how water quality issues are addressed. Each
component involves State and Regional Board staff participation and is described in
seven phases as follows:

~-->

1.

Water Qua 1ity
Assessment

II.
Water Body
Ratings

III.

Significant Water
Qua 1ity Issues

I

Phase I: Obtaining Information
This phase is accomplished primarily through the Water
Quality Assessment (WQA). The WQA is a periodic
review and inventory of water quality conditions in
the State. The WQA provides the source and type of
threats to and impairments of each water body assessed. Waters selected by the Regional Boards and
waters which appear on selected federal lists have
more comprehensive information provided on fact
sheets.
Phase II: Prioritizing Water Bodies
In this phase, water bodies are rated with respect to
their resource value and the severity of the threats
and impairments which may affect them. Resource
value is the relative importance of a water body,
and is rated through the factors; magnitude of
beneficial uses, size, and uniqueness. Impairments
and threats are rated in accordance with detailed
condition criteria.
Phase III: Identifying Statewide Water Quality Issues
To compliment the water body specific perspective provided by Phases I, and II, Phase III presents an
analysis of statewide priority issues relating to
pollutants, problem sources, and trends. This
analysis is done using the WQA and water body
ratings. The resulting guidance to address significant issues is issued annually by the Executive
Director.
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IV.
Action
Priorities

<--

Phase IV: Prio~itizing Actions
Actions to address the water body priorities and significant issues identified in Phases II and III are
evaluated for feasibility, cost/benefit, and risk
concerns. Priorities are-then determined by balancing issues such as prevention vs. restoration
efforts, work dealing with different pollutants and
problem sources and the level of efforts in each
type of water body.

V.
Allocat ion

Phase V: Allocation
The allocation or adjustment of resources reflecting
Phase IV priorities is made through budgeting
decisions.

VI.
Implementation

Phase VI. Implementation
Resources are deployed by appropriate organizations
according to the allocation in Phase V.

VI I.
Results

Phase VII: Results
Results are determined through water quality monitoring and management tracking of programs and
contracts. This final phase enables measurement
of the progress and effectiveness of the actions
taken.

The remainder of this document deals with Phases I through IV where initial Clean
Water Strategy efforts have concentrated .

. PHASE I: OBTAINING INFORMATION
The Water Quality Assessment (WQA) provides information on water quality conditions
and the pollutants and sources of concern. It is a single integrated data base
applicable to all water quality program needs.
The WQA includes the most important waters in the state (2500 were included in
1991). Information includes size, resource value and condition ratings, description
of concerns (location, pollutants, and probable sources), and an accounting of the
federal lists. All information is maintained by the Regional Boards.
The WQA data base can be used to provide various reports related to waters,
pollutants and sources, etc. These reports assist program targeting on waters and
the analysis of statewide issues.

PHASE II: PRIORITIZING WATER BODIES

:-!

Water quality information obtained in Phase I is translated into water body ratings
in Phase I I. Lists of these rated waters assist the development of ti"rogram . .
regional, and general statewide priorities.
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RAT I

GS
5

Several important
beneficial uses. Moderate use.

Many important
beneficial uses.
High use.
2b.

iliI

3

1

A few beneficial
uses. low use.

Water Body Size
This is the aerial extent of the water body. The rating scale varies by water
body type using the units in the Water Quality Assessment.

RAT
1

2c.

2

I UIl G S

3

5

4

Rivers and
Streams (mi)

> 100

70-100

40-70

15-40

0-15

lakes, Reservoirs, &
Saline lakes (ac)

> 5000

2500-5000

1000-2500

200-1000

0-200

Ground Water
(sq-mi)

> 500

200-500

100-200

50-100

0-50

Bays & Harbors (ac)

>10000

2500-10000 1000-2500

200-1000

0-200

Estuaries (ac)

> 2500

1000-2500

500-1000

200-500

0-200

Wetlands (ac)

> 2500

1000-2500

500-1000

200-500

0-200

Uniqueness (surface waters only)
An indicator of unique or exceptional characteristics of the water body not
accounted for in other resource value factors. The criteria and range of
ratings for this factor are:

RAT I N6 S
1

Water body supports
critically important
or unique ecosystem.
Examples include
National Estuarine
Sanctuaries, Wild and
Scenic Rivers (only
Wild and Scenic portion receives "I"
rating).
.

2

Presence of threatened
or endangered species
(RARE BU), or slightly
less important example
of "I".
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3

Regionally
Unconnnon

5

Connnon

2d.

Dependence (ground water only)
An indicator of the extent to which the overlying community or the state
depends on the ground water basin. The criteria and range of ratings for this
factor are:

RAT I NG S

1
. Overlying area entirely dependent on
ground water for municipal purposes
(sole source), or

High municipal dependence on ground water
basin, or total dependence for purpos~s,
other than ~unicipal.

5

3

2

Ground Water
Moderate to
not . heavily
significant
dependence on relied on.
ground water
basin .

. All ground water
is used and is predominantly for municipal uses in overlying area, export
areas, or both.
3.

Each water body is assigned a CONDITION rating reflecting the level of threat
to or impairment of beneficial uses. Like resource value, condition is rated
on a scale from one to five. One represents highly threatened or. gros~ly
impaired.
Condition ratings are assigned for each threat to or impairment of a water
body. These are recorded on Water Quality Assessment fact sheets. Where
multiple concerns exist, an overall condition rating is assigned to enable
statewide comparisons.
The following criteria is used to provide consistent statewide condition
ratings.

3a.

Degree of Impairment. This is an indication of the magnitude of impairment of
water quality. If unknown, indicate "UNK."

RAT I NG S
1

3

5

Bacteria

· Longstanding
continuous dec1ared hea lth
warnings.

Periodic health Objectives somewarnings.
times or slight- .
ly violated.

BOD

· Severe DO Sag
causing fish
kills.

Occasional DO
Sags.

Metals & · Health warnings No hea lth warnTrace Ele- for fish or
ings, but elevaments &
shellfish con- ted leve 1s in
Organics
sumption.
fish or shellfish.
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Objectives sometimes or slightly violated.
Minor elevation
of leve.l s in
fish and sheHfish

RAT I NG S
1

Metals &
Trace Elements &
Organics
(contld)

3

5

Drinking water
standard exceeded in existing public
water supply.

Drinking water
standard exceeded, existing public
water supply
not affected.

Objectives sometimes or slightly violated.

Critical life
stages complelely unsupported.

Critical life
stages only
pait.ially supported.

Objectives sometimes or slightly violated.

Overall absence Benthic organof benthic org- isms adversely
anisms.
affected.

Sediments contaminated, but
no noticeable
change in benthic population.

Nitrate

Drinking water
standard exceeded in
existing public
water supply.

Drinking water
standard exceeded, public
water supply
not affected,
individual
drinking supplies affected.

Objectives sometimes or slightly violated.

Nutrients

Severe constant
DO Sag causing
fish kills, severe odors, significant public
complaints.

Occasional DO
Sags, Frequent
Algal Blooms,
l~ste and odor
problems in
drinking water.

Objectives sometimes or slightly violated.

Sa 1i1\it~1

Restricted use
of existing
pu b Ii c wa ter
supply.

Resi:rictcd U~€:
<'f existing Ag
supply.

Objectives sometimes or slightly violated.

widespread fish
k n-I s.

Objectives somePeriodic fish
k i ~ 'Is & overa 11 times or slightly vioiated.
population decline.

Cr it i cali if e

staqes completely unsupported.

Critical life
stages only
partially supported.

Objectives sometimes or slightly violated.

distrllction of
spawning areas.

Siltation of
some spawning
areas.

Abnormal turbidity.

S-j

Hat ion

\~idesprE'~d
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'~ A

1 IN 'G·S

1

5

· Severe 'and repeated fish
kills.

Temperature

· Widespread fish Marked decline
kills.
in fish/plant
populations.
Critical life
stages completely unsupported.

Toxicity

3b.

Abl'lo'rmal t'urb,d!lirifrequent,
hy,.
limited fish
ik " 11 s&population decline.

Siltat ion
(cont'd)

Ctit ica 1 1ife
stages only
partially supported.

· Acute or chron- Acute or chronic toxicity wI ic toxicity wI
widespread ad- some impacts on
verse impacts
resident popuon resident
lat ions.
population.

Objectives somet i'rnes 'elf,. s1i gh tly violated.
Objectiv~s.some

tillles or slightly 'Violated.

Acute or chronic toxicity wI
no noticeable
impacts on resident population,

Degree of Threat. This is an indication of the magnitude of a threat to water
quality. If unknown, indicate "UNK."
RATINGS.
1

Land Use

3

5

Dramatic, widespread land use
changes in watershed, including draining
and filling

Gradually expanding land
use changes,
including
draining and
filling

Static land use.

Dramatic, widespread increase
in traffic,
visitation etc.

Moderate increase in
traffic, visitation etc.

Minor or no
change in traffic; visitation
ett.

Static land use
with high can"
centration of
sites involving
potential pollutants

Static land use
with moderate
co~centration of
sites involving
potential pollutants

Static land use
with low concentration of ~ites
involving potential pol1utants

Discharge accounts for 1/4
receiving water
volume and
Category 1/11
dischargers.

Discharge volume
minor compared
to receiving
water v'()1~rne...atJd
Category 11 Or'
III diSchargers.

Poiri't
. Effluent damiSource Dis- natp.d receiving
charges
water and Category I dischargers.
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RAT I NG S
1

Trends

4.

3

5

Dramatic conModerate const ituent level
stituent levincrease in
el increase
short time per- over time.
iod.

Minor or no constituent level
increase over
time.

Upon completion of the resource value and condition ratings, the rated water
bodies are listed in descending order of resource value for each water body
type. This emphasizes resource value as the first priority consideration.
Waters with the same resource value are arranged in descending order of
condition ratings to provide further rankings as follows:
WATER BODY TYPE
Waters wlth
Resource Value of:
1

Impaired List

Threatened List

Waters in descending severity of impairment
or threat with a resource value of 1.

2

as above for RV=2

3

as above for RV=3

4

as above for RV=4

5

as above for RV=5

I
PHASE III:

STATEWIDE WATER QUALITY ISSUES

Phase III involves a~ analysis of the WQA and the water body rankings. This
analysis is used to assist the annual preparation of guidance to staff on
significant water quality issues. This guidance, in conjunction with Phase II water
body priorities, is used to solicit action proposals, direct program activities, and
to screen and evaluate actions proposed.
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Significant issues guidance includes:
a.

Identification of the most significant pollutants and sources of pollution
affecting California's ~aters.

b.

Identification of issues requiring short and long term strategies.

c.

Identification of general actions to address the significant issues.

Issues are identified by the Division of Water Quality Monitoring and Assessment
Unit. Every January the Executive Director issues Quidance to address issues.
Phase III products are not limited to the annual significant issues guidance. On an
ongoing basis, the Monitoring and Assessment Unit prepares distillations and
summaries of Water Quality Assessment information. These provide an additional
level of detail and perspective to compliment the Executive Director's guidance.
Staff should access this information as appropriate.
PHASE IV:

PRIORITIZING ACTIONS

Phase IV is preceded by the solicitation of actions which reflect the priorities
determined through Phases II and Ill. This assists the focusing of actions on the
most significant concerns.
In Phase IV, the proposed actions addressing the needs of water bodies ahd
pollutant/source concerns are evaluated and prioritized within available. resources.
Priorities are arrived at through combining Phase II and III rankings and guidance
with feasibility, cost/benefit, and risk considerations. Funding lines are drawn
based on balancing issues such as prevention vs. restoration efforts, work dealing
with different pollutants and problem sources and the level of efforts in each type
of water body (Figure 1).
The following sequence of actions

occllrs.~llring

Phase IV (see Figure One):

1.

Phase II and Phase III priorities are ·distributed.

2.

Actions are initially ranked in accordance with the resource value and
conditio~ ratings of the woter body(s) with which they deal.
The result is a
listing formatted the same way as described in Phase II. However, these lists
include only the w~tp.r bodies for which actions are proposed. For example,
assume a program needs to rank actions pertaining to five rivers; a, b, c, d,
e. The following list results:
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Phase IV
Phase III Interim Priorities
Water body ratings and significant
issues priorities
I

Feasibility Considerations
-

Technical
Economic/Financial
Institutional
Political/Legal/Environmental/Social
I

Strategic Considerations
Various factors may cause feasible proposals to move up or down on
priority lists. These factors include:
- Cost/Benefit Considerations
- Risk Evaluation
- Spin-off Benefits
I

Final Balancing
Funding decisions are made balancing the distribution of resources by:
-

Water Body Type
Prevention, Assessment, and Cleanup Activities
Pollutant Constituent
Problem Source
I

Priority Act ions
A final list of actions is determined
consistent with available resources
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Figure 1

Rivers and Streams
Water Body Name

Resource Value

b

e
c

a
d

1
1

2
2
2

Condition
Impaired
Threatened
2
2
1

2

4 .

3.

Next, actions dealing with significant issues may warrant special consideration
on the priority lists. These actions are elevated or flagged for elevation
later in deliberations.*

4.

The actions are next subjected to the following FEASIBILITY considerations to
further adjust the priority list:
Technical Feasibility:
Is this action technically sound?
Will this action result in an assured solution or constructive partial
solution to the problem?
.
Other?
Economic/Financial Feasibility:
Does the action'cost an inordinate amount with respect to identified
funds?
At culmination of a project, do we anticipate inordinate implementation
costs which haven't been recognized?
...
Is the action suitable for funding by others or matching funding?
Does the action fit best with the proposed program funds?
Is the action duplicative?
Other?
Institutional Feasibility:
Does the action have the support from others who wil) play an active role
in Implementation?
.
Are there institutional obstacle~'which co~ld severely impede the
effectiveness of the action?
Should the action be managed by an entity other than what is being
proposed?
Does the action consider all appropriate cooperators?
Other?

* For actions which fail and are of significant concern, guidance and feedback to
the proposer should indicate issues to be resolved and encourage resubmi~sion of
the action proposal.
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Political, Environmental, Social, Legal Feasibility:
Are there severe political, environmental, social, or legal difficulties
with respect to the action?
Are there legislative aspects which have not been recognized and which
could limit the success of the action?
Other?
Should an action be judged infeasible, that action will be crossed off the
priority list(s) and the reasons documented.~ In instances where the staff is
concerned about one feasibility component but is not in a good position to make
an ultimate judgement (such as political feasibility) that concern will be
documented and referred for higher level review.
5.

Strategic concerns are evaluated and may elevate or lower actions on the
priority lists. The following are considered:
Cost/Benefit: Will a low cost action yield relatively high benefits with
respect to other actions? For example, it may be advantageous to fund
several low ranked actions rather than one more expensive high raked
action. In order to achieve the most benefits with available funds,
actions which leverage benefits may be elevated on priority lists for each
type of water body.
Risk: Is the action being considered something that has to be done
immediately, or can it wait? As a result of inaction now, will inordinate
costs or harm occur later?
Spin-off Benefits: Sometimes an action ~n one program or region can yield
information useful thro~ghoul the organization, or be on the critical path
for several other actions statewide, or it may leverage significant
participation by other parties. Actions resulting in such spin-off
benefits should be considered for elevation on priority lists.
Additional Considerations:
above.

6.

Any concern or programatic need not covered

The final step in determining priorities involves balancing the distribution of
resources by:
Water Body Type
Prevention; Assessment, and Cleanup Activities
Problem Source
Pollutant Constituent

*

For actions which faii and al'e of $ignificant concern, guidance and feedback to
the proposer should indicate issues to be resolved and encourage resubmission of
the action proposal.
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This ensures that level of efforts are balanced with respect to reducing risks
in each type of water body, for each type of pollutant or problem source, and
in protection/restoration activities.
Staff recommendations based on the above considerations are then forwarded to
management.
NOTE: This phase involves a high degree of best professional judgement. While
the above outlines an iterative process involving several considerations, the
most important aspect is the assurance that important considerations have been
made. In practice many of the iterations described above will occur
s imu ltaneous ly.
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Examples of Water Body
Based Decision Making
Example One:

Statewide Cutbacks

It is 1993 and we have been successful in adding 100 positions for critical
work this year. However, a call comes from the Department of Finance--we face
another general five percent cut. How do we take the cut? Implementation of
the Clean Water Strategy (CWS) will assist in making this decision.
While the CWS emphasizes water body based decision making, the ultimate goal
is efficiency in reducing risk. That is, ensuring that program actions on
higher overall risk situations are covered and that the lower overall risk
situations are recognized and addressed subject to available funds. The CWS
water body ratings provide important comparative relationships between waters
in the State. By understanding the relationships between water bodies, it is
possible to compare actions to reduce risk, determine priorities, and adjust
resources accordingly. The following represents a possible outcome of the
1993 situation:
As programs have increasingly focused on higher priority risk reduction
situations, a compaction of work efforts has occurred. For program THIN,
instead of barely addressing 100 situations, efforts have been concentrated on
40 situations and the same funds are being used to accomplish more overal)
risk reduction in the State. In this scenario the number 41 situation is
unfunded.
Program FAT has also seen compaction and its unfunded situations
can now be compared with number 41 in program THIN. If the highest priority
unfunded situations in each program represent the same risk, then five percent
reductions would be equal in both programs. If program FAT is addressing
lower risk priorities, then this program would be targeted for reduction.
Conversely, program THIN may be targeted for budget increases or redirection
augmentations from programs such as FAT.
Example Two:

Allocation of New Resources

The Abandoned Mine Program Manager has been directed to make recommendations
regarding $3 million in new program resources. The manager must request
proposals from the Regional Boards and draH staff recomw.endations on how the
funds should be u~ed. How ca~l water body rankings and significant issues
guidance be used to help make recommendations on resource allocation?
First, the program manager should request that proposers give first
consideration to actions addressing high resource value water bodies with the
most severe threats or impairments. If the significant issues guidance
indicates any abandoned mines priorities, then these should also be
highlighted in the solicitation.
Once proposals are received, the program manager preliminarily ranks proposals
based on water body rankjngs. For example, if proposals were received
relating to the Eel River and the Sacramento River, both resource value "1"
water bodies, the Sacramento River project would initially be ranked higher
due to the river's higher level of impairment (a "1" impaired rating ve~5us a
"3" threat). Next, guidance on signific.::nt water quality issues is
considered. For instance. if the guidance indicates that mercury problems are
most important, then proposals addressing mercury should be considered for

elevation on priority lists. Similarly, if guidance is focused on abandoned
mine problems affecting ground water, then this information should be kept in
mind when balancing decisions between different water body types are
eventua lly made.
Next the actions proposed are screened for feasibility. This includes
inst itut iona 1, po 1it ica 1, lega 1, economi cL ~nv i.,=-onme_nta] ,~ecb-,')Jf.il.l.,~nd
social aspects. If a proposed project is feasible, then the benefits of the
proposals are weighed through cost/benefit, timing, and risk considerations.
For example, if the proposed Eel River project was to yield the same benefits
as the propos~d Sacramento River project for significantly lower cost, the Eel
River project might be elevated above the S~cramento River project.
Finally, balancing decisions are made to distribute the $3 million.
Distribution by water hody type, problem source, pollutant constituent, and
prevention versus remediation efforts are all considered. Recommendations are
forwarded for management review and approval.
Example Three: Managing.Current Resources
Region Tenls Stormwater Program is prepar-ing its annual workplan. Stable
funding is expected but itls inadequate to address all program needs. How can
the CWS improvements assist the program manager prioritize the workload.
By examining the Water Quality Assessment (WQA) the program manager can
identify waters with threats and impairments re'lated to stormwater. Reports
can be accessed through the WQA which provide specific program targeting lists
(see the Monitoring and Assessment Unit). If more detail is needed, water
body fact sheets might be of assistance.
The manager would then consider the ratings of the waters (included in the WQA
data base) identified above. These ratings provide the manager with water
body relationships. In turn, the manager ensures protection of the highest
resource value waters through safeguards such as the permitting of stormwater
discharges, inspections and enforcement. Similarly, for waters impaired by
stormwater, the manager ensures that consideration for priority actions first
address the highest valued, most severely impaired waters. After all costs
and needs are considered, the manager aligns fiscal resources with water body
priorities. Again, the Executive Director's significant issues guidance
should also be consulted for related concerns.

.

:__.
~

APPENDIX 2
HAZARD RANKING SYSTEM

•

The Hazard Ranking System (HRS) was developed as part of the implementation of
the national superfund program. The HRS is designed to score the relative
threat associated with actual or potential releases of hazardous substances
from specific sites and to assign the site to the National Priority List for
Superfund cleanup. The HRS provides a numerical value derived from the
assessment of four different environmental pathways each evaluated for three
specific factors. The pathways are (1) ground water migration, (2) surface
water migration, (3) soil exposure, and (4) air migration. The three factors
are (1) the likelihood of release, (2) waste characteristics, and (3) targets.
A summary of the HRS is provided below beginning with steps common to the four
pathways, followed by a brief description of an evaluation of the surface water
pathway.
The first step in developing a pathway score is to identify sources of
hazardous substances. In the context of the HRS, sources mean "any area where
a hazardous substance has been deposited, stored, disposed, or placed, plus
those soils that have become contaminated from migration of a hazardous
substance" (Federal Register, Vol. 55, No. 241, December 14, 1990). The
specific substance(s) of concern are then identified by either documentation
(labels, manifests, monitoring report, etc.) or observation.
At this point the factor assessment begins with the evaluation of the
likelihood of release. When an observed release is demonstrated, a maximum
value (550) is assigned for this factor. An observed release is defined
explicitly but generally can be considered to be samples with substances at
concentrations three times the background concentration or, if no background
value eXists, concentrations above the quantitative limit. If an observed
release is not identified then the potential for release is evaluated on a
pathway specific basis (summarized below for the surface water pat~way).
The next step is evaluation of waste characteristics factor. This involves
evaluating and scoring toxicity and quantity, and then multiplying the scores
for these characteristics together. The final waste characteristics value for
a pathway is derived from a table provided in the regulations. Waste
characteristics are evaluated for the substance with the greatest hazard for
the pathway.
To determine which substance poses the greatest hazard, a toxicity factor value
is combined with the mobility, persistence, bioaccumulation factor. The
toxicity factor is derived from one of three information sources: (1) for
carcinogens the cancer potency factor combined with the substance
classification as known or potential carcinogen is used, (2) for noncarcinogens
a reference dose (RfD) is used where available, or (3) for noncarcinogens where

-44-

an RfD is not available, an acute toxicity voJue is used. The value of the
toxicity factor is dependent on the numerical value of each of these
characteristics (carcinogenicity, reference dose, acute toxicity) and is
derived from a table provided in the regulations. Several clarifying
conditions apply to this evaluation.
Once a toxicity factor is identified it if multiplied by a mobility,
persistence', and/or bioaccumulation factor. The choice and characterization of
this second factor is pathway specific. Eac~ toxicity, factor is, multiplied by
its respective mobility, persistence, bioaccumulation factor, and the substance
yielding the highest product is selected as the hazardous subst~nce of concern
for waste characterization.
.
The second 'major factor to evaluate for waste characterization is waste
quantity. This factor is evaluated using a ~ierarchy of four measures:
(1) hazardous constituent quantity, (2) hazardous waste stream quantity,
(3) volume, and (4) area. The first of the measures (in order presented) for
which there is adequate information is used to develop the quantity factor.
With some exceptions, the hazardous wastes identified for CERCLA (Comprehensive
Environmental Response, Compensation, and Liability Act) purposes constitute
the substances of concern for quantity assessments. The ,quantity associated
with each source is characterized (assigned a value according to tables
provided) and the sum of the scores for all sources is used to select a final
quantity factor for the pathway. Several specific conditions are considered
when determining whether adequate information is available to invoke one of the
hiearchical measures.
The final value for the waste characteristics, factor is obtained by multiplying
the toxicity factor, adjusted according to the mobility, persistence, and/or
bioaccumulation factor, by the quantity factor. The product of this
multiplication is then applied to a table to select the final waste
characteristics factor. Special adjustments are made when considering
bioaccumulative substances.
The final factor score needed for developing a site score is a target score.
The evaluation of targets is divided into four classes: (1) individual,
(2) human population, (3) resources, and (4) sensitive environments. Each
class is evaluated on the basis of actual or potential releases and the
intensity of the exposure. The intensity of the exposure is divided into
Level I or Level II exposures. Generally, Level I exposures are where the
concentrations of hazardous substances in specific media (i.e., water, tissue,
sediment) meet or exceed available regulatory limits (benchmarks) such as water
quality standards or public health warnings or an established dietary risk.
Level II exposures are again assigned to observed releases, but in this case,
the appropriate benchmark value for the media-specific concentration has not
been exceeded, or a benchmark does not exist, The final target score i~
developed differently for each pathway and will be illustrated below for
surface water.
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The development of a value for the surface water migration pathway is
summarized below to illustrate the complexity and comprehensiveness of the
assessment. Each of the four pathways are treated similarly, although not all
pathways contain as many subdivisions as the surface migration path.

•

Two basic components are included in the surface migration path:
(1) Overland/flood migration, and (2) Ground water to surface water migration.
The Overland/flood path will be summarized for this illustration. A source or
a site of contaminated sediments is identified and a target distance is defined
(generally as 15 miles down gradient from the site of contamination). The
evaluation is then broken down into three parts, threat to drinking water,
threat to the human food chain, and threat to sensitive environments. Each of
these components is further subdivided to evaluate the likelihood of release,
waste characteristic, and targets. The treatment of these evaluations is
substantially the same but the specific information applied within the
individual evaluations differs. The threat to drinking water evaluation will
be described as an illustration.
The likelihood of release evaluation for the drinking water threat is divided
into observed releases and potential releases. If an observed release can be
established, the maximum score is applied to this factor, otherwise a potential
release is evaluated. Observed release is explicitly defined for this
evaluation. A potential release is evaluated based on three components:
(1) containment, (2) runoff, (3) distance to surface waters. For BPTCP
purposes, known toxic hot spots would fall under the observed release category.
Waste characteristics for the threat to drinking water are evaluated next.
This evaluation is based on two factors: toxicity/persistence and quantity.
An evaluation is conducted for each substance capable of migrating from the
source to surface water. The toxicity factor is developed as described above.
Persistence is based on environmental half-life (the result of the combination
of decay processes, biodegradation, hydrolysis, photolysis, and volatilization)
and sediment sorption (based on log Kow )' The value for the half-life of the
substance of concern is generated from an equation provided in the.regulations.
The persistence factor is then selected from a table, using the appropriate
values for half-life and certain conditional characteristics of the water body
and drinking water sources present. Toxicity and persistence are combined into
a single value using another table provided. The toxicity/persistence value is
multiplied by a quantity value (see above) and this product is applied to
another table to select the drinking water threat - waste characteristics
value.
The drinking water targets value is derived next. This value is based on three
factors: nearest intake, population, and resources. For the intake target and
population target a determination is made of whether the target is subject to
observed or potential releases of hazardous substances and whether
concentrations meet Level I (exceed specified benchmarks) or Level II (below
specified benchmarks) criteria. A score for the nearest intake is then
developed. The drinking water intake nearest to the source and within the
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mi grat ion path def i ned is i,dent i:f ied. If th,i,s intake is subJect to measured
concentrati:ons of the substances of concern~ (I;.eve'l I or II), it is ass igned a
score. Otherwise a score is assigned based on a dilution weight selected from
a table provided ;n the regulations.
The popu Tat.ion serv iced by each i ntake wH~h i n the m;grat i Or,! p,ath i,s ident if fed
(adjusted for blended drinking water). The population size subject to Level I,
Level II, and potential contamination is determined for the total migration
path (summing individual intakes) and the sum of these three categories is used
as the population target value. A resource value is assigned based on, the use
of water for irrigation, livestock watering, water recreation area, actual or
designated drinking water source, or for commercial food preparatiqn.
The drinking water threats-targets factor is'developed by summing the values
for intake, population, and resources. The final drinking water threat factor
score is derived by multiplying the likelihood of release value, waste
characteristics value, and targets values and dividing by 82,500. The
resulting value is then used to select the drinking water threat score from a
table provided. This score is then combined with scores for Threat to Human
Food Chain and Environmental Threat to arrive at the score for final score for
overland/flood migration component. This score is in turn combined with 'a
score for ground water to surface water migration to arriv~ at the final
Surface Water Migration Path score. The Surface Water MigratiQn Path score is
combined with the other three path scores using an equation provided to
generate the final site score.
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APPENDIX 3
CHEMICAL SPECIFIC VALUES FOR CARCINOGENS USED FOR RANKING TOXIC HOT SPOTS.
SUBSTANCE
:If

acrylonitrile
aldrin
arsenic
benzene

PEL!
(dry)
mg/kg

MTRL2
MTRL2
(Fresh)(Estuarine)
ug/kg
ug/kg
0.96
0.05
200
1.8

11
0.33

benzidine
beryllium
bis(2-chloroethyl)ether
bis(2-ethylhexyl)phthalate

0.005
0.15
0.09
380

0.02
2.5
4.3
1300

carbon tetrachloride
chlordane
chloroform

4.1
1.1
NA

!'illQ3
(Fresh)
ug/l

!'illQ3
(Marine)
ug/l

0.13
5.0
0.34

0.14
9.3
21

1.2
1800

0.00008
100

0.00008
480

32.0
32.0
550

32.0
32.0
3600

0.00059
9.9

0.0006
64.0

3,3 1 -dichlorobenzidine
1,2-dichloroethane
l,l-dichloroethylene

4.5
0.6
0.32

9.0
150.0
18.0

dichloromethane
1,3-dichloropropene
dieldrin
2,4-dinitrotoluene

4.2
0.4
0.65
0.42

1400
60
0.7
35.0

4.6

1600.0

0.00014

0.00014

1,2-diphenylhydrazine
halomethanes
heptachlor
heptachlor epoxide

1.0
NA
1.8
0.8

14
1800
1.9
0.8

100.0
0.00016
0.00007

480.0
0.00017
0.00007

4,4 1 DOE
DDT, total
1,4-dichlorobenzene

64

0.13
0.27

110

72
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APPENDIX 3 (continued)
CHEMICAL SPECIFIC VALUES FOR CARCINOGENS USED FOR RANKING TOXIC HOT
SUBSTANCE

MTRL "

PEL
-rary)
mg/kg

MTRL

(Fresh)(Est~arine)

ug/kg

ug/kg

hexachloroethane
hexachlorobenzene
hexachlorobutadiene
hexachlorocyclohexane (gamma)

170
6
1.2

760
6
140
8.1

hexachlorocyclohexane (alpha)
hexachlorocyclohexane (beta)
isophorone
N-nitrosodimethylamine

0.5
1.71
1.8
6
38
27
0.00006 0.7

N-nitrosodiphenylamine
pentachlorphenol
PAW s (tota 1)
acenaphthene

28.00
0.45

370
3.1
0.08

anth,r.acene
fluorene
nap'htha lene
phenanthrene

0.74
0.46
1.10
1.20

LMW-PAH, total
benz(a)anthracene
benzo(a)pyrene
chryse.ne

2.~

1200
90.0
0.93

!illQ

(Fresh)
ug/1

SPOT~~

[:illQ
(~st\..lf;\rin~)

u~/1

-,
.
\d

0.00066

0.00069

0.019

O~062

0.0039
0.014

p.013
0.04(j

0.28
0.00.28

I

:;8,•.?

i,(,)~931

,

I

2.40
1.30
·1.70
·1.:70

II
i

i
I
I

I

i

dibenzo{a,h)anthracene
fluoranthene
pyrene
HMW~PAH, total

I

0.32
3.20
1..90.
-8.,50

I
I

II

I
!

I

PCB's '( tota 1)

2.2

i .0 ..26

2,3.,7,8-tetrach~orodibenzo-

p-dioxin
TCDD eqL!ivalents
toxaphene

1,1,2-trichlo~oethane

1,1,'2 2-tetrach}oroeth'ane
trichloroethylene
I

,2.2

:0.000017

:

I

I

O. 000O~OO!13i

.9
190
: 54.0
9,80
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j

I

0.00007 0.00007;
8.8
2.7
0.86
33

I\fl.·;@.@Q9:7

10.:00067

I
!

o.:~0GtOO00!1~!

:cO .. ~tOQ69

I

I
\

i

.--

'.
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APPENDIX 3 (continued)
CHEMICAL SPECIFIC VALUES FOR NONCARCINOGENS USED FOR RANKING TOXIC HOT SPOTS.
SUBSTANCE

hexachlorocyclopentadiene
lead
mercury
nickel
nitrobenzene
phenol
selenium
silver
thallium
toluene
tributyltin
l,l,l-trichloroethane
tine

PEL
MTRL
MTRL
WQOwgo
.
1'(fry) (Fresh) (Estuarine) (Fresh) (Estuarine)
mg/kg mg/kg
mg/k~
ug/l
ug/l

160
1.4

2.5

NA
NA
1.0
28
0.05
NA
NA
NA
0.20
110

300
,

1.1
NA

75
NA
1.0
220
5.4
6500

NA
NA

0.7
3200.
0.3
62
NA

50**
0.012
600**

5.6
0.025
8.3

300
71.0
2.3

5.0
50.0**

10000.0 30000;0
20.0
0.005

M.o

5000.0*

* The PEL is based on total chromium rather than Cr(VI).
** indicates an aquatic life objective exists that may be a lower value than
listed, due to its dependance on water hardness and/or acidity. The lower
value of the listed or calculated value should be used.
1 PEL is that concentration above which adverse biological effects are likely
to occur. It is developed by taking the geometric mean of the·50th
percentile value of the effects database and the 85th percentile value of
the no-effects database.
2 MTRL-Maximum Tissue Residue Level. The MTRL is calculated by multiplying
the human health water quality objective in the appropriate Statewide Plan
by the chemical1s bioconcentration factor {BCF) (Cohen 1993). MRTLs
proposed for use in the ranking system are based on the standards contained
in the most recent version of the California Enclosed Bays and Estuaries
Plan.
j

3 WQO--Water Quality Objectives are the standards contained in statewide
water quality control plans for freshwaters or enclosed bays and estuaries.
These columns do not contain the water quality objectives adopted by the
State Water Board in November 1992 because these WQO have not been approved
by the Office of Administrative Law. The water quality objectives in the
most recent version of the Statewide Plans· should be used.
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NAS, FDA, and OEHHA Limits Relevant to the BPTC Program
Marine Organisms
(ng/g or ppb wet weight)

Chemical

NAS
Recommended
Guideline
(whole fish)

FDA Action
Level or
Tolerance (edible portion)
(B)

(A)

Total PCB
Total DDT
aldrin
dieldrin
heptachlor
heptachlor epoxide
lindane
chlordane
endosulfan
methoxychlor
mirex
toxaphene
hexachlorobenzene
any other chlorinated
hydrocarbon pesticide
mercury

OEHHA Trigger
or Health
Advisory Level
(edible portion)

2000*
5000
300*(E)
300*(E)
300*(E)
300*(E)

500
50
(D)
(D)
(D)

50
50
50
50
50
50
50
50

300

(C)

100
100

23

5000

1000*
(as methyl
mercury)

500
(as total
mercury)

A

National Academy of Sciences. 1973. Water Quality Criteria, 1972 (Blue
Book). The recommendation npplies to any sample consisting of a
homogeneity of 25 or more fish of any species that is consumed by fisheating birds and mammals, within the same size range as the fish consumed
by any bird or mammal. No NAS recommended guidelines exist for marine
shellfish.

B

U.S. Food and Drug Administration. 1984. Shellfish Sanitation
Interpretation: Action Levels for Chemical and Poisonous Substances.
tolerance, rather than an action level, has been established for PCB.

C

Office of Environmental Health Hazard Assessment. 1991. A Study of
Chemical Contamination of Marine Fish from Southern California. II.
Comprehensive Study. A health advisory level, rather than a trigger level,
has been established for mercury. These values should only be used if they
specifically apply to the waterbodies for which they were developed.

D

Limit is 5 ng/g wet weight.
noted by footnote D.

E

Singly or in combination for shellfish.

*

Fish and shellfish.

A

Singly or in combination with other substances
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Senate Bill 1084 (Calderon)
(Statutes 1993, Chapter 1157)
Bay Protection and Toxic Cleanup Program
Amendments and Additions to the Water Code
Chapter 5.6 of the Water Code
Amendments to
Sections 13392.5, 13393, 13393.5, 13394, and 13396.5
Added
Sections 13394.6 and 13396.7

•

Senate Bill No. 1084
CHAPTER 1157
An act to amend Sections 13392.5, 13393, 13393.5, 13394, and 13396.5
of, and to add Sections 13394.6 and 13396.7 to, the Water Code, relating to water.
[Approved by Governor October 10. 1993. Filed with
Secretary of State October 11, 1993.1
LEGISLATIVE COUNSEL'S DIGEST

SB 1084, Calderon. Bays and estuaries.
(1) Existing law, which is to be repealed on January I, 1994,
requires the State Water Resources Control Board to impose annual
fees applicable to all point and nonpoint dischargers who discharge
into enclosed bays, estuaries, or any adjacent waters in the
contiguous zone or the ocean, as defined. Existing law requires the
state board, on or before January I, 1993, to make a prescribed report
to the Legislature.
This bill would extend that repeal date to January 1,1998. The bill
would prohibit the state board from imposing a fee on any
agricultural nonpoint source discharger. The bill would extend the
due date applicable to the report to January I, 1996.
(2) Existing law requires each California regional water quality
control board that has regulatory authority for any enclosed bay or
estuary to develop, by January I, 1992, for each such bay or estuary,
a consolidated data base that identifies and describes all suspected
toxic hot spots.
This bill would instead req~re those regional boar?s_JQ;deve!opr-o~c-,---,~"~,,~,,,-,_= _ ____
by January 30, 1994, a consolIdated data base that Identifies and
~--describes all potential hot spots.
(3) Existing law requires the state board to adopt, by July 1,1992,
general criteria for the assessment and priority ranking of toxic hot
spots.
This bill would extend that date to January 30, 1994.
(4) Existing law requires each regional board to complete and
submit to the state board, by July I, 1993, a toxic hot spots cleanup
plan. Existing law requires the state board to submit to the
Legislature, by January I, 1994, a consolidated statewide toxic hot
spots cleanup plan.
This bill would extend the due date applicable to the toxic hot spots
cleanup plan to January I, 1998, and the due date applicable to the
consolidated statewide toxic hot spots cleanup plan to June 30, 1999.
. (5) Existing law requires the state board to adopt sediment
quality objectives for toxic pollutants.
This bill would require the state board to consider prescribed
federal sediment criteria for toxic pollutants, and to take specified
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action. in connection with the adoption' of sediment quality
objectives.
The bill would require the state board to establish a prescribed
advisory committee to assist the state board in carrying out specified
water quality functions relating to bays and estuaries.
(6) The bill would require the state board, in consultation with the
State Department of Health Services, to contract with an
independent contractor to conduct a study to determine the adverse
health effects of urban runoff on swimmers at urban beaches, as
prescribed. The bill would make legislative findings and declarations.

The people of the State of California do enact as Follows:
SECTION l. The Legislature finds and declares all of the
following:
(a) A significant source of beach contamination results from
urban runoff.
(b) The public use of beaches has declined 25 to 30 percent. That
decline is attributable in part to concerns about contamination.
(c) The number of beach closures by local public officials
continues to increase each year.
SEC. 2. Section 13392.5 of the Water Code is amended to read:
13392.5. (a) Each regional board that has regulatory authority
for one or more enclosed bays or estuaries shall, on or before January
30, 1994, develop for each enclosed bay or estuary, a consolidated
data base which identifies and describes all known and potential
toxic hot spots. Each regional board shall, in consultation with the
state board, also develop an ongoing monitoring and surveillance
program that includes, but is not limited to. the following
components:
(1) Establishment of a monitoring and surveillance task force that
includes representation from agencies, including. but not limited to,
the State Department of Health Services and the Department ofFish
and Game, that routinely monitor water quality, sediment, and
aquatic life.
(2) Suggested guidelines to promote standardized analytical
methodologies and consistency in data reporting.
(3) Identification of additional monitoring- and analyses that are
needed to develop a complete toxic hot spot assessment for each
enclosed bay and estuary.
.
(b) Each regional board shall make available to state and local
agencies and the public all iruormation contained in the consolidated
data base, as well as the results of new monitoring and surveillance
data.
. -SEC.3. Section 13393 of the Water Code is amended to read:
13393. (a) The state board shall adopt sediment quality
objectives pursuant to the workplan submitted pursuant to Section
13392.6.
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(b) The state board shall adopt the sediment quality objectives
pursuant to the procedures established by this division for adopting
or amending water quality control plans. The sediment quality
objectives shall be based on scientific information, including, but not
limited to, chemical monitoring, bioassays, or established modeling
procedures, and shall provide adequate protection for the most
sensitive aquatic organisms. The state board shall base the sediment
quality objectives on a health risk assessment if there is a potential
for exposure of humans to pollutants through the food chain to edible
fish, shellfish, or wildlife.
(c) (1) Notwithstanding subdivision (a), in adopting sediment
quality objectives pursuant to this section, the state board shall
consider the federal sediment criteria for toxic pollutants that are
being prepared, or that have been adopted, by the Environmental
Protection Agency pursuant to Section 1314 of Title 33 of the United
States Code.
(2) If federal sediment criteria have been adopted, the state board
shall review the federal sediment criteria and determine if the
criteria meet the requirements of this section. If the state board
determines that a federal sediment criterion meets the requirements
of this section, the state board shall adopt the criterion as a sediment
quality objective pursuant to this section. If the state board
determines that a federal sediment criterion fails to meet the
requirements of this section, the state board shall adopt a sediment
quality objective that meets the requirements of this section.
SEC. 4. Section 13393.5 of the Water Code is amended to read:
13393.5. On or before January 30, 1994, the state bo~d, in
consultation with the State Department of Health Services and the
Department of Fish and Game, shall adopt general criteria for the
assessment and priority ranking of toxic hot spots. The criteria shall
take into account the pertinent factors relating to public health and
environmental quality, including, but not limited to, potential
hazards to public health, toxic hazards to fish, shellfish, and wildlife,
and the extent to which the deferral of a remedial action will result,
or is likely to result, in a significant increase in environmental
damage, health risks, or cleanup costs.
SEC. 5. Section 13394 of the Water Code is amended to read:
13394. On or before January 1, 1998, each regional board shall
complete and submit to the state board a toxic hot spots cleanup plan.
On or before June 30, 1999, the state board shall submit to the
Legislature a consolidated statewide toxic hot spots cleanup plan.
The cleanup plan submitted by each regional board and the state
board shall include, but not be limited to, the following information:
(a) A priority ranking of all hot spots, including the state board's
recommendations for remedial action at each toxic hot spot site.
(b) A description of each hot spot site including a characterization
of the pollutants present at the site.
(c) An estimate of the total costs to implement the plan.
o

•
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(d) An assessment of the most 'likely sauree or isources (of
pollutants.
'(e) An estimate of'the·eosts1that maybe recoverable from 'parties
responsible for the discharge of pollutants that have accum:ti'lated'in
sediment.
(.f) A preliminary assessment·ofthe actions required to'remellly'or
restore a toxic hot spot.
(g) A two-year expenditure schedule identifying state funds
needed to implement the ,plan.
(h) A summary of actions that have been initiated by the 'regional
board to reduce the accumulation of pollutants at existiilg:hdtspot
sites and to prevent the creation of:new hotspots.
(i) The plan submitted by the state board shall include findings
and recommendations concerning the need for establishment of a
toxic hot spots cleanup program.
SEC. 6. Section 13394.6 is added to the Water Code, to read:
13394.6. (a) The state board shall establish an advisory
committee to assist in the implementation of this chapter. The
members of the advisory committee shall be appointed by the state
board to represent all of the following interests:
(1) Trade associations whose members are businesses that use the
bay, estuaries, and coastal waters of the state as a resource in their
business activities.
(2) Dischargers required to pay fees pursuant to Section 13396.5.
(3) Environmental, public interest, public health, and wildlife
conservation organizations.
(b) The members of the advisory committee shall select a
member as the chairperson of the committee. The chairperson shall
convene meetings of the committee every three months in any
calendar year. The members of the advisory committee shall serve
without compensation.
,
(c) The advisory committee shall have access to all information
and documents, except for internal communications, that are
prepared to implement this chapter and may provide the state board
with its views on how that information should be interpreted and
used.
SEC. 7. Section 13396.5 of the Water Code is amended to read:
13396.5. (a) The state board shall establish fees applicable to all
point and nonpoint dischargers who discharge into enclosed bays,
estuaries, or any adjacent waters in the contiguous zone or the ocean
as defined in Section 502 of the Federal Water Pollution Control Act
(33 U.S.c. Sec. 1362), which shall be' collected annually.
(b) The fees shall create incentives' to reduce discharges to the
ocean, bays, and estuaries and shall be based on the relative threat
to water quality from point and nonpoint dischargers. The schedule
..,' of fees shall be set at an amount sufficient to fund the responsibilities
and duties of the state board, the Office of Environmental Health
Hazard Assessment, and the Department of Fish and Game

Ifi
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established by this chapter. The total amount of fees collected
pursuant to this section shall not exceed four million dollars
($4,000,000) per year. Nothing in this section limits or restricts the
funding of activities required by this chapter from sources in addition
to the fees established by this section.
(c) Fees collected pursuant to this section shall be deposited in
the Bay Protection and To~c Cleanup Fund which is hereby created,
and shall be available for expenditure by the state board, upon
appropriation by the Legislature, for the purposes ofcarrying out this
chapter.
(d) Fees collected pursuant to this section shall be in addition to
fees established pursuant to Section 13260 and shall not be subject to
the maximum fee established in subdivision (d) of Section 13260,
provided that the annual fee.under this section shall not exceed the
amount of thirty thousand dollars ($30,000) per discharger.
(e) Any person failing to pay a fee established under this section
when so requested by the state board is guilty of a misdemeanor and
may be liable civilly in accordance with subdivision (d) of Section
13261(f) On or before January I, 1996, the state board shall report to the
Legislature on the progress made toward meeting the requirements
of this chapter and the adequacy of the fee levels established in
subdivisions (b) and (d).
(g) No fee may be imposed pursuant to this section on any
agricultural nonpoint source discharger.
(h) This section shall remain in effect only until January 1, 1998,
and as of that date is repealed, unless a later enacted statute, which
is enacted before January 1, 1998, deletes or extends that date.
SEC. 8. Section 13396.7 is added to the Water Code, to read:
13396.7. (a) The state board, in consultation with the State
Department of Health Services, shall contract with an independent
contractor to conduct a study to determine the adverse health effects
of urban runoff on swimmers at urban beaches. The contract shall
include a provision that requires the study to be conducted as
prescribed in the study proposal approved by the Santa Monica Bay
Restoration Project. The study shall be paid for by using available
. resources or state funds appropriated in the annual Budget Act.
(b) It is the intent of the Legislature that the state board and the
State Department of Health Services use the results of the study
undertaken pursuant to subdivision (a) to establish recreational
water quality standards.

o
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STAlE WATER RESOURCES CONTROL BOARD
P.O. BOX 100, Sacramento, CA 95812-0100

Legislative and Public Affairs: (916) 657·2390
Water Quality Information: (916) 657-0687
CAl~fORNIA

Clean Water Programs Information: (916) 227·4400
Water Rights Information: (916) 657·2170

REGiONAL WATER QUALITY CONTROL BOARDS

NORTH COAST REGION (1)
5550 Skylane Blvd., Ste. A
Santa Rosa, CA 95403
(707) 576-2220

CENTRAL COAST REGION (3)
81 Higuera Street, Ste. 200
San Luis Obispo, CA 93401-5427
(805) 549-3147

LAHONTAN REGION (6)
2092 Lake Tahoe Blvd., Ste. 2
South Lake Tahoe, CA 96150
(916) 544-5400

SAN FRANCISCO BAY REGION (2)
2101Webster Street, Ste. 500
Oakland, CA 94612
(510) 286-1255
OREGON

LOS ANGELES REGION (4)
101 Centre Plaza Drive
Monterey Park, CA 91754-2156
(213) 266-7500

VICTORVILLE BRANCH OFFICE
15428 Civic Drive, Ste. 100
Victorville, CA 92392·2383
(619) 241-6583

CENTRAL VALLEY REGION (5)
3443 Routier Road
Sacramento, CA 95827·3098
(916) 255-3000

COLORADO RIVER BASIN
REGION (7)
73·720 Fred Waring Dr. Sle. 100
Palm Desert, CA 92260 .
(619) 346·7491

FRESNO BRANCH OFFICE
3614 East Ashlan Avenue
Fresno, CA 93726
(209) 445-5116

SANTA ANA REGION (8)
2010 Iowa Avenue, Sle. 100
Riverside, CA 92507·2409
(909) 782'4130

REDDING BRANCH OFFICE
415 Knollcrest Drive
Redding, CA 96002
(916) 224-4845

SAN DIEGO REGION (9)
9771 Clairemont Mesa Blvd" Ste. B
San· Diego, CA 92124
(619) 467·2952
'

STATE OF CALIFORNIA
Pete Wilson, Governor
CALIFORNIA ENVIRONMENTAL
.
PROTECTION AGENCY
James M. Strock, Secretary
STATE WATER RESOURCES
CONTROL BOARD
John P. Caffrey. Chair
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