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IntroducUon

Following sixteen years of stormwater monitoring, two of which were under an NPDES permit

(permit):, the Los Arlgeles County Department <;>fPublic Works (LACDPW) is evaluating the

adequacy and apprc priateness of its Monitoring Program. The purpose of this report is to

provide a refined ~onstituent list that reflects our current understanding of pollutants of concern in

the receiving waters, and to specify the quality assurance and quality control (QA/QC) procedures

required for r.eliable monitoring of these constituents.

The Monitoring Prol~am was established with an overall goal to develop and support effective

watershed stormwatt~r quality management programs in order to reduce pollutants to the

maximum extent pra,;ticable. There are seven major specific objectives listed in the Pennit:

Track water quali ty status, pollutant trends and loads, and identify pollutants of concern.

Monitor and asse:;s pollutant loads from specific land uses and watersheds.

.

ldentify,-monitor, and assess significant water quality problems related to stormwater

discharges;

.

Identify pollutant ,;ources in stormwater runoff.

Identify and elimir.ate illicit discharge.s.

.

Evaluate the' effec1 iveness of management programs.

.

Assess the impacts of storm water runoff on receiving waters.

To add.ress this spectn:m of objectives, initial permit monitoring in Los Angeles County .included

--a bread -analytical.suite that provided detailed information on urban pollutants in the water -as well

as major_i.ons, n~t.rients, and chemical and biological properties. Some of these water quality

parameters are related.:o natural processes rather than to human activity. Furthe~ore, many

constituents in the anal:ltical suite are not thought to be posing any ecological. risk 9r huPlan

health risk in the receivng waters. To focus future monitoring on relevant constituents, the data

collected during the willters of 1994/95 and 1995/96 were reviewed with the following questions

in mind:

f
--
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IntroducUon

What ale the pollutants of concern?

.

What aye the levels ofc.oncem (e.g., toxic concentrations) for each pollutant?

.

Are tho;e pollutants found in stormwater runoff in Los Angeles County?

Is the e,jsting analytical methodology adequate for detecting pollutants at the levels of

concern?

.

Should il.nalysis for some constituents be done to achieve lower detection levels? For

which clmstituents?

Are there analyses which could be discontinued?

Are there other constituents that should be added?

.

Section 2 des~ribes pollutants of concern in freshwater and marine receiving waters. Section 3

summarizes th~ findings of the last two years of storm water monitoring in.Los Angeles County

and identifies the pc llutants that have been detected consistently. Section 4 presents
.

recommended constituents for chemical monitoring in stormwater, and provides a rationale for

the recommendatior,s. Section 5 de~cribes recommended sampling and shipping procedures.

Section 6 delineates recommended QA/QC procedures and Section 7 lists the references used in

writing this report.



Pollutants Of Concern In Los Angeles CountY Water Bodies

Stormwater runoff Jrom urban catchments in Los Angeles County ultimately flows into rivers,

lagoons, bays, and the ocean. Pollutants exhibit different impacts in the water column or the

sediment, as well as in fr~shwater, brackish, or sea water. Some pollutants (e.g., silver) are very

toxic, i.e., they may poison aquatic life at very low concentrations, whereas other pollutants (e.g.,

zinc) can be toleratej at relatively high concentrations without causing harm. Conservative

elements, such as mt~ta1s, do not degrade and may pose more long-term risks than non-

conservative.compolmds, such as petroleum hydrocarbons that can be broken down by

microorganisms.

Table 2-11ists pollutc'.nts of concern for seven major receiving water bodies in the portion of Los

Angeles County covered under the NPDES Permit and the corresponding USEP A Water Quality
.
Criteria for the Prote(;tion of(1) Freshwater Aquatic Life and (2) Saltwater Aquatic Life. These

water quality criteria ilre hereafter referred to collectiyely as criteria. Concentratio~s in the listed

water bodies are uncertain and may not exceed the criteria given in the table. The constituents

listed. in Table 2-1 are pollutants of concern in local water bodies, however, they may not be

present in stormwater, and ifpresent, may not exceed the criteria.

The most obvious feat lre ofT~ble 2-1 is the number of pollutants, both organic and inorganic,

tha~. are associated wit]} past and pres~nt human activity in Los Angeles County watersheds.

Some pollutants are ty])ical of residential, industrial and commercial sources (e.g., copper, lead,

and Zinc), while others reflect special act.ivities (e.g., tributyltin, which is used as an antifouling

agent in boat-.hull paint)). Some pollutants of concern may originate in one location and migrate

to other watersheds. F:>r example, it is conceivable that DDT found in sediments in the mouth~ of

Los Angeles County ri\ 'ers could have been washed in by ocean currents from Palos Verdes (B.H."Jones, 
personal cori1Inu:1ication). ,-_. '.. '-

!he criteria,(s':lppli~~ ~o.r,~~~ati~~a~ p':lrposes only) vary inmagnitu~e ~.ong,~~~u~~t~ ~~ -
depend on whether the Ieceiving water is fresh or marine. For some pollutants, the criteria are

lower than the detection limits, of the laboratory analytical methods used in previous years of the

Monitoring Progr~. As a rule of thumb, it is typically recommended that laboratory analytical

methods which have det,~ction limits several times lower than the criteria be used to assure

detection of p~tentially tarrnful substances at the criteria concentration.
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TABLE 2-1
POLLUTANTS OF CONCERN IN LOCAL WATER BODIES

AND WA.TER QUALITY CRITERIA FOR SELECTED CONSTITUENTS
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TABLE 2-1
POI_LUTANTS OF CONCERN IN LOCAL WATER BODIES

AND WATER QUALITY CRITERIA FOR SELECTED CONSTITUENTS

Notes:
(1) USEP A Wate r Quality Criteria for the Protection of Freshwater Aquatic Life

Criteria are cllronic except those marJ(ed with an asterisk, which denotes acute criteria.
Hardness is assumed to be 2.5 mg/l for those metals whose wac depends on hardness,

specificall:' Cd, Cr, Cu, Pb, Ni, Ag, and Zn.
, All metals criteria are for the dissolved fraction with the exceptions of Hg and Se,

which are :otal.
Ammonia crit3ria a'ssumes pH of 6.5 and temperature of 15 C for salmonid habitat:

(2) USEPA Water Quality Criteria for the Protection of Saltwater Aquatic Life (chronic)
All metals crit3ria are for the dissolved fradion with the exception of Hg.
Ammonia crit,~ria assumes pH of 8.4, temperature of 20 C, and salinity, of 20 g/kg. :

Pollutant is pr~sent at unspecified concentration, not necessarily exceeding criteria.x

;'
n:lmsoffice\8xC81\2 (gmrodriOJ

12nIW 12:05 PM



Los Angeles CountY St-ormwater Data ReView

A data review was con-ducted which included historical data used for mass loading assessment.

(Stenstrom and Stl"ecker, 1993), pathogen and indicators data reported by the Santa Monica Bay.

Restoration Project (Gold et al., 1992), LACDPW Monitoring Program data obtained during

19~4/95 (Los Angl~les County Department of Public Works, 1996), and raw data from the

1995/96 wet seaso1 as provided by the LACDPW. The LACDPW data were summarized m

Table 3-1 as received, i'.e., we did not perfoffil any QA/QC eva{uation of the data. The analytical

suite, detection lim:ts, and frequencies of detection at these limits are included in Table 3-1 for

both the 1994/95 al1d 1995/96 data. The range of station means for 1994/95, and the maximum

concentrations detected in the 1995/96 wet season were also included in Table 3-1. For the

1995/96 wet seasor., the data were pooled for all urban catchments and reported separately from

the open space data.

3.1 CONVENTIONAL AND GENERAL WATER QUALITY
PARAMETERS

Oil and grease and tI)tal petroleum hydrocarbons (TPII), were detected in more than 50% of the

urban runoff sample:; and were not detected in runoff from open spa.ce catchments.

Total suspended soli is (TSS) and turbidity were always detected in the stoffilwater runoff

samples collected at ill monitoring stations. However, TSS and turbidity values were generally

higher in open space stations, indicating that a major source of solids could be soil erosion in the

upper, open space pcrtions of the watersheds. Cyanide was not detected in any of the samples at

a dete°ction limit of5t) ~g/l; however, the criteria for cyanide areo°in the range of 1-5 J.lg/l (see

Table 2-1) so there is no way to assess potential harmful effects of cyanide in the stormwater

--o-runoffosamplesanalY2ed. _0 :. ...' 0 0 0 '

Nutrients (nitrogen arld phosphorous compounds) were detected in a high percentage or in all of

the samples, both fror1 urban and open space catchments, at level,s that could support rapid

growth of algae and a=luatic plants. Maximum ammonia concentrations are not expected to cause

to~ci'ty at the maximl m pH values reported.
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TABLE 3-1
SUMMAR" OF 1994/95 AND 1995/96 LACDPW STORMWATER MONITORING DATA

Open Space
95/96

Range of
Means

ND -3.30

Maximum % ot Detects

i
I Detection

Class Constituent .Limit Units Maximum % of Detects

Conventional
I O&G 1 mg/l 37.5 54.2

Total Phenols 0.1 mg/l 0.1 1.7

Cyanide .0.05 mg/l ND 0
pH NA pH 6.88 -8.19 8.4 100

,lndica!Qr Bacteria
Total Coliform 20 MPN/100 mil 9740 -514,464 >1,600,000 100
Fecal Coliform 20 MPN/100ml 6640-166,692 >1,600,000 96.8

Fecal Streptococcus 20 MPN/100 mil 2235 -202,0761 2,400,000 100
Fecal Enterococcus .20 MPN/100ml' 688-109,476 >1,600000 100,

General .
, Phosphorus, dissolved 0.05 mg/1 ND -0.307 1.95 88.1

Phosphorous, total 0.05 mg/l ND -0.984 1.95 100

, Turbidity 0.1 NTU 90 100
I TSS 1 mg/1 17-609 880 100

TDS 5 mg/1 16-910 1240 100
VSS 1 mgNhr 300 100

I. TO~ 1 .mg/1 11.1 -31.3 102 100
c

TPH 1 mg/1 37.5 52.5

BOD 1 mg/1 ND -45.2 .97.8 100
COD 50 mg/1 ND-63.1 140 17.1

Ammonium-N 0.1 mg/1 ND -3.05 6.19 57.5
NH3-N 0.1 mg/1 5.12 71.8
TKN 0.03 mg/1 ND -1.84 5.86 97.4
Nitrate 0.1 mg/1 96.3 100

Nitrate-N 0.03 mg/1 21.7 100
Nitrite-N 0.03 mg/1 6.54 67.4
Nitrate & Nitrite mg/1

Alkalinity 4 mg/1 262.3 100 242.7 100

Specific Conductivity 1 umhos/cm 1920 100, 1660 100
Hardness 5 mg/1 640 100 I 700 100
Chloride 2 mg/1 1-105 218 100 52.4 100
Fluoride 0.1 mg/l 0.103 -0.428 0.66 100 0.38 .100
Sulfate 0.1 mg/1 2-382 452 100 518 100

-Bicarbonate 2 mg/1 273 100 232 100
Carbonate 2 mgil. 10.7 4.8 .10.7 2O,

0.19 -3.37

~

-

NO 0
NO 0
NO 0
8.43 100

1,600,000 100
280,000 100
1,400,000 100
1,100,000 100

0.44 60
0.5 100

1800 100
8728 100
1160 100
600 100

13.1 100
NO 0
90.3 100
NO 0
2.09 20
1.73 50
13.7 100
11.4 100
2.58 100
0.11 SO
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TABLE 3-1
SUMMARY I)F 1994/95 AND 1995/96 LACDPW STORMWATER MONITORING DATA

Open Space
95/96

Detection
Limit

Range of
MeansUnitsClass Maximum % of Detects Maximwn % of Detects

10
10
100
5

250
10
2
10
10

100
10
30

2
1
10

1
5
10
5
10
50

Ugl1
UgI1
UgI1
UgI1
ug/l
Ugl1
mgl1
UgI1
UgI1
Ug/I
UgI1
Ug/I
mg/l
Ug/I
UgI1
mgl1
UgI1
UgI1
mgl1
ug/l
ua/I

ND-16
ND-17

49
17

126
ND
510
ND
156
35
168

7280
188
504
68.3

1
47

20.7
24
ND
156
ND
876

6.3
3.1
4.7

0

27.1
0

100
24.6
92.2
83.6
48.4
51.6
83.7
1.6
43.8
100
9.4
0

100
0

82.8

ND
ND
723

7
45
31
158
200
3OS

187,000
42

4550
60.8
ND
226
6.78
ND
19

83.6
ND
651

0
0

22.2
11.1
20

11.1
100
33.3
77.8
77.8
33.3
66.7

90
0

55.6
100
0

11.1
100

0
55.6

ND

ND-15

NO -52
20-49

NO-718
NO-504

NO

ND
ND

56-272 -

ND

ND
ND
ND
450
ND
ND
ND'
ND
ND
32
ND
NO
ND
NO
NO
NO -

ND
ND

0
0
0
0

14.3
0
0
0

0
0

11.1
0
.0
0
0
0
0

ND

ND
ND-10
ND-17

ND-17

ND

ND
NO

-"ND-1"16

-Dissolved Metals -

Antimony 10 Ug/1 4 1 .6
Arsenic 10 ug/1 NO 0

Barium 100 ug/1 NO 0
Beryllium 5 Ug/1 NO, 0
Boron 250 ug/1 400 17
Cadmium 10 Ug/1 ND 0
Chromium 10 Ug/1 10 1.6
Copper 10 Ug/1 42 50.8

Iron 100 ~ 1550 27.1
Lead 10 Ug/1 100 10.8
Manganese 30 Ug/1 I 70 17.2
Mercury 1 Ug/1 ND 0
Nickel 10 Ug/1 15 6.2
Selenium 5 ug/1 24 4.6
Silver 10 ug/l \ ND 0

-_.~~liU~- ~~ ---~~.- --~- -5~.9
urganic Compoundsl Volatile Organics (8240) varies ug/1 0.26 0

Bis(2-ethylhexyl)phlhalate (625) 3 ug/1 236 77.3 100

Other Semi-Volatile Organics (625) varies Ug/1 0.91 1.12
, Organochlorine Pesticides (608) varies Ug/l 0 0

--Or anoriitro en Herbicides 6191 varies ug/l , :- ---0-- -, 0 -I

Method used for analysis of organic consti tuents is in parentheses.

NO -81.3 38.9
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Los Angeles CountY Slormwater Data Review

3.2 BACTERI)\

Indicator bacteria offecal origin were detected in virtually all samples, sometimes at densities

higher than were qu antifiable by the dilution procedures employed. Opportunistic pathogens

including coliforms and fecal coliforms, streptococci and enterococci were detected in runoff from

open space stations as well as mixed land use stations.

METALS

Qfthe metals of con:ern, arsenic, barium, beryllium, cadmium, mercury, and silver were below

the detection limit in "the dissolved fraction, and were sporadically detected in the total fraction.
"

However,. the detection limits used for cadmium, copper, lead, mercury, silver, and zinc are higher

than the correspondi11g criteria (see Table 2-1), so it is not possible to assess the potential for

harmful effects due tl) metal contamination of storrnwater.

ORGANIC COMPOUNDS

Volatile organic coml)Ounds (VOCs, EPAMethod 8240), semivolatile organic compounds

(SVOCs, EP A Metha d 625), organochlorine pe"sticides and PCB~ (OCs, EPA Method 608), and

organonitrogen herbic:ides (EP A Method 619) were not detected (with a few exceptions) at the

detection limits attain.Lble by these methods. The exceptions include bis(2-ethyhexyl)phthalcite,

which was detected in most s~ples at concentrations that were not correlated to any land use,

and other plasticizers imown as persistent lab and field equipment contan1inants.
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SECTIONFOUR Recommended ConsUtuents For Monitoring

After reviewing tht: data collected by LACDPW over the past two years, recommended analytical

suites for mass emission stations and land use stations were developed. Special studies may be

developed using an additional analytical suite (referred to as the special studies suite) in

conjunction with the mass emission and land use suites to choose appropriate analytes.for the

specific questions being asked. This section presents the three analytical suites and provides

justification for the recommendation to lower detection limits.

The Pennit requires that stonnwater collected. from mass emission and land use stations be

analyzed for specifil: constituents which don't correspond to the analytical suites recommended in

this report, Table 4 -1 presents an overview of the analyses required by the Permi~ and the

analyses recommen(led by this report for both mass emission and land use stations. Tables 4-2, 4-

3, and 4-4 present tlle suggested analytical suites for the Monitoring Program. The major

modifications from previous years are as follows:

Detection limits have been reduced for many constituents.

Analyses of VO<:s (EP A Method 8240), SVOCs (EP A Met4od 625), organochlorine

pesticides (OCs) and PCBs (EP A Method 608), and organoriitrogen herbicides (EP A

Method 619) at 1 he detection limits attainable by these methods, are no longer recorrunended.

.

Alternative meth,)ds for analyses of polycyclic aromatic hydrocarbons (PARs) and selected

organophosphonls pesticides have been added.

Use of the recommerded analytical suites for mass emission and land use station monitoring

would require negoti,ttion with the Regional Water Quality Control Board (RWQCB) since the
" '.-"'.-'- recommended analytical suites deviate from the.~~alyti.c.al ~~~~es set forth in Attachment C

(Monitoring PrograIr Requirements) of the Permit.

DETECTIC)N LIMITS4.1

The concentrations oi~ pollutants which can be detected are controlled by detection limits. When

comparing pollu~t concentrations to criteria, detection limits several times lower than the

criteria are recommended. Ifinappropriate detection liniits are chosen, analytes which are
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TABLE 4-1
Cc Imparison of PenT1it Requirements with Recommended Analyte Suites

and Detection Limits

Units

i
mg/l
mg/l
mg/I
pH

no units gi\len
mgn

MPN
MPN
MPN

mg/l.
mg/l
NTU
mg/l .
mg/l
mg/l
mg/l
mg/l
mg/I
mg/I
mg/I
mg/l
mgil
mgI1

umhoicm
mg/l
mgil
mg/l
mg/l
mgn

Ug/l
ug/l
Ug/l
Ug/l
Ug/I
Ug/I
ugil
Ug/I
Ug/l
Ug/l
ugil
ugil
ugil
Ug/I
ug/1
Ug/l
ug/1
Ug/l

_.-Ug/l ..

Ug/l
Ug/I
ug/1

.ugn

x
x
x

x
x
x

Anal~C=1 Suites '
Mass Emission Stations. Land Use Stations

Permit I Recommended I Permit I RKommended

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
XI 
XI

X
X

X

i :
X
X
X
X

X
X
X

X
XI 
X
X

I X

X
-~ X

X
X

~

eo--

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.

x

x
x

x

x
x

x

x
x

x
x x

x
x

x
x. .

X ..xx -.
x

Detection Limits

Permit I Recommended

1 1
0.1

0.01 0.01
0-14 $enS. :,0.1 pHuni
None $ens. :, 1 degree

5 0.5

<20 <20
<20 <20
<20 <20

0.05 0.05
0.05 0.05
0.1 '\ .
2 2
2 2
'2 10
1 1
1 1
2 4

20-900 5 .

0.1 0:1
0.1 0.1
0.1 0.1
2 2
1 10
2 2

0.5 0.5
2 2

0.1 0.1
2 2

100,000 1000
10 10 .
10 1
100 1
5 1

250 100
10 1

200 1000
10 1
10 1

< 10,000 .1
100 100
10 1

200 1000
30 100
1 0.1
10 1

1000 1000
5 0.2. .-
10 0.2
5 1000
10 10

.~ I .x

! 

x x

I , 

x

x
XI

X

~

rtection limit for hexavalent ~hromium is listed in ,tile Permit as < 10 mg/\. , !

.-
!

x
x

~
x
x
x
x

.X

-

x
x

X-. .-
X

:s Constituent"entional -
O&G
Total Phenols

Cyanide
pH
Temperature
Disso~ Oxygen -

ator Bacteria
Total Coliform
Fecal Coliform
Fecal Streptococcus -

ira'
Phosphorus. disso~
Phosphorous. total

Turbidity
TSS
TDS
VSS I

TOC
TPH
BOO
COD
Ammanium-N
TKN
Nitrate-Nitrite

Alkalinity
Specific Conductillity
Hardness
MBAS
Chlonde
Ruonde
Sulfate; (total and dissolved) ,

Aluminum

Antimony
A~nic
Barium

Beryllium
Baron
Cadmium
Calcium
Chromium

Copper
Hex. Chromium
Iron
Lead

Magnesium
Manganese
Mercury
Nickel
Potassium

-Selenjum ,. ,.

Silver
Sodium
Thallium
Zinc

atile Organic Compounds
es and PCBs
es
, .10
Iifos .ngJI no DL given 50
Organic Compounds no units given < 0,01 to 10 x

..nc/1 -.10-50 -

ectlon Umit

n limits required by the Permit are given in the 'PI ,rmit" column under the heading 'Detection Umits"-
n 1imits recommended in this report are givei1 in tile 'Recommended" column under the heading .Detection Umits.,
; required by U1e Permit tor the mass ~Isslon an j land use stations are indicated by XS In the corresponding 'Permit" columns under the 'Analytlcal Suites' headings,
: recommended in this report tor the mass emissi'ln and land use stations are indicated by XI in the corresponding "Recommended" columns under the .Analytical Su~es. heading-



TABLE 4-2
SUGGESTED ANALYTE SUITE FOR MASS EMISSION MONITORING STATIONS

Detection
Limit

H-olding
Time

'I' Sample

Type

IClass

Constituent Method Units Preservation
ICOnventional

I O&G

I Cyanide

413.2
335.1

1
0.01

mg/l
mg/l

4°C I
4°C pH>12 NaOH
0.6 9 ascorbic acid

28 days
14 da~

grab
grab

pH
deqre~s C

ASAP

Field
grab
qrab

pH
Temcerature (1)

IBacteri~

Total Coliform

Fecal Coliform

Fecal Streptococcu 5

MTF

MTF
MTF

<20

<20
<20

MPN/100 ml

MPN/100 ml
MPN/100 ml

4°C
4°C
4°C

6 hours
6 hours
6 hours

grab
grab
qrab

"General

365.3
365.3
180.1
160.2
160.1
418.1
405.1

410.4
350.3

351.4
4110(2)

4110(2)

0.05

0.05

1
2

2
1
4

5

0.1

0.1

0.1

0.1

10
2

mgn
mgn
NTU

mgn
mgn
mgn
mg/l

mgn
mg/l

mgn
mg/l
mgn

umhos/cm
mall

filter
4°C pH<2 H2SO4

4°C
4°C
4°C
4°C
4°C

4°C pH<2 H2SO4

4°C pH<2 H2SO4

4°C pH<2 H2SO4

4°C
4°C
4°C
4°C

: 

48 hours

28 days

48 hours

7 days

7 days

28 days

48 hours

28 days

28 days

28 days

48 hours

i 48 hours

ASAPI 

6 months

composite

composite

composite

composite

composite
grab

composite

composite

composite

composite

composite

composite

composite

~mposite

PhosphQrus, dissol" ed

Phosphorus, total,
Turbidity
TSS

TOS

TPH

BOD

C90
Ammonia-N
TKN

Nitrate-N

Nitrite-N

Electrical Conductiv ty

Hardness 130.2

IMetals(tOtaland 

dissolved}I Arsenic

Barium

Beryllium
Cadmium

Chromium

Copper
Iron

Lead

I Mercury

Nickel

Selenium

Silver

---Zinc

206.2
208.2
210.2
213.2
218.2
220.2
236.1
239.2
245.1
249.2
270.2
272.2
289.1

1
1

1
1
1
1 .

100

1

0~1'

1

0.2

0.2

10

Ug/J
Ug/J

Ug/J
Ug/J
ug/l
ug/l

Ug/J
Ug/J--U~ -

ugli

Ug/J

ug/l
Uq/l

pH<2

pH<2

pH<2
pH<2
pH<2
pH<2

pH<2

pH<2

pH"<2

pH<2

pH<2

pH<2
pH<2

6 months

6 months

6 months

6 months

6 months
6 months I

6 mohths

6 months
" 2S-daYs -; 

6 months

6 months

16 months

! 6 months

composite
composite

composite
composite

composite!I composite

composite

composite

-composite
composite

composite

composite, 

~omposite-IOrganics

Diazinon

Chlorpyrifos
PAHs

507

507
Texas A&M

10
50

10-50

ng/i
ng/i
nail

4°C
4°C
4°C

7 days
7 days
7 days

composite

composite
comoosite

IT oxicity
Sea Urchin Fertilizat on 4°C 72 hours composite

(1) Temperature must be measured in the field immediately after taking the sample

.(2) Standard Meth99s for the f:xamination of Water and Wastewater, 19tt1 ed.
. ) Ih:Im~Iexc.1\ 1 (gmlodri> . 12/6/96 3:25 PM

HNO3

HNO3

HNO3

HNO3

HNO3

HNO3

HNO3

HNO3

HNO3-

HNO3

HNO3

HNO3

HNO3
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TABLE4..J
SUGGE~iTED ANALYTE SUITE FOR LAND USE MONITORING STATIONS

Method

IClass

Constituent limit Units Preservation Time Type

O&G

Cyanide
413.2
335.1

1
0.01

mg/l
mg/l

4°C
4 C pH>12 NaOH
0.6 9 ascorbic acid

28 days
14 days

grab
grab

pH
degrees C

ASAP
Field

I 

grab

grab

pH
Temperature (1)

Bacteria -

Total Coliform

Fecal Coliform

Fecal Streptococcus -
General

MTF
MTF
MTF

MPN/100 mlI 

MPN/100 ml

MPN/100 ml

4°C
4°C
4°C

6 hours

6 hours

6 hours

28 days

48 hours

7 days
7 days

28 days

48 hours

28 days

28 days

28 days

48 hours

48 hours

ASAP
'6 months

grab
grab
grab

<20
<20
<20

365.3
180.1

160.2
160.1

418.1

405.1

410.4.
350.3

351;4
4110(2)

4110(2)

0.05
1
2

2

1
4
5

0.1
0.1

0.1

0.1

10'
2

mg/l
NTU
mg/l
mg/l

mg/l
mg/\! 

.mg/\

.mg/\

mg/\
I" mg/\

mg/\
umhos/cm

mg/\

4°C pH<2 H2SO4 composite

composite

composite

composite

grab

composite

composite

composite

comI

i composite

composite

composite

composite

Phosphorus, total
Turbidity I

TSS

TDS

TPH
BOD

COD

Ammonia-N

TKN
Nitrate-N

Nitrite-N
Electrical Conductivity

Hardness -
1etals (total)

Arsenic
Barium

Beryllium
Cadmium

Chromium

...Copper

Lead

.Mercury
Nickel Selenium

--Silver. Zinc

130.2

4°C

4°C

4°C14°C

4°C pH<2 H2SO4

4°C pH<2 H2SO4

4°C pH<2 H2SO4I

4°C

4°C

4°C: 

4°C

206.2
208.2
210.2
213.2
218.2
.220.2
239.2
245.1
249.2
270.2
272.2
289.1

1
1
1
1
1
1
1

.0.1

1 -
0.2
0.2

10

ug/1

Ug/llUg/I

Ug/I! 
Ug/I: 
Ug/I

Ug/I

Ug/I
Ug/I
Ug/I

I Ug/1I 
ug/l

pH<2

pH<2
pH<2
pH<2
pH<2
pH<2

pH<2

pH<2

pH<2

pH<2

pH<2
pH<2

6 months

6 months

6 months

6 months

6 months

6 months

6 months

28 days

6_mol:1ths
6 months

6 months

6 months

composite

composite

composite

composite

composite

composite

composite

composite

.9.Qt:T:!positeI 

composite

composite

composite

~

rganics
-oiazinon ..".,

.
Chlorpyrifos
PAHslxicity -

.
"4°C 4°C

4°C

507
507

Texas A&M

I 

10i. 

50

10 -50

ng/l
ng/l
ng/l

7 days

7 days

7 days

c~mposite

composite
composite

Sea Urchin Fertilization 4°C .72 hours composite II

Temperature must be measured in the field immediately a~er taking the sample.
Standard Methods for the Examination- of Water and Wastewater, 19th ed.

- I .-.
--:.. --~.-

! 12/6/M 3:25 PM=--"D
---

1I:1m~18XC8II3 (gmrod~)

HNO3

HNO3

HNO3
HNO3

HNO3
HNO3
HNO3

HNO3

HNQ3 ..-

HNO3

HNO3
HNO..
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Reco~mended Constituents For Monitoring

4.2.3 O&G", TPli, and PAHs

Oil and grease (O&Cr) compounds are operationally defined by the method of detecting them, that is

the ability to detect and/or measure them by extracting them into an organic solvent, evaporating the

solvent ,and measuriIl g the number of carbon-hydrogen bonds using infra-red light (EP A Method

413.2) or weighing tIle residue (EP A Method 413.1). The O&G group is comprised of a variety of

fatty compounds incllding petroleum hydrocarbons, vegetable oils, animal fats, etc. Total petroleum

hydrocarbons (TPH) and total recoverable petroleum hydrocarbons (TRPH) are subsets of the O&G

compou;nds (EP A Mc~thods 8015M and 4 ~8.1, respe<?tively). Polynuclear aromatic hydrocarbons

(P AIls) are a specific group within the O&G class, which are dominated by ringed aromatic carbon

structures. All P AHs have two or more rings, hence the name "polynuclear aromatic hydrocarbons".

Potential sources ofP AHs include petroleum products (raw and used, motor oil, diesel, and gasoline)

and combustion byprc Iducts of petroleum hydrocarbons, wood, and other organic materials. Some

P AHs, namely benzo( l)anthracene, chrysene, benzo(b )fluoranthene, benzo(k)fluoranthene,

benzo(a)pyrene, indenD(1,2,3-c)pyrene, and dibenzo(ah)anthracene, are known to be carcinogenic, and

some exert outright to ,acity, depending on their concentrations. The PAIls have been analyzed for by

the SVOC method (E]) A 625) in 1994/95 and 1995/96, but the SVOC method did not detect any.

Stonnwater p~ograms in Portland, Eugene, San Diego, and the San Francisco Bay Area have been

utilizjng a low-level de:ection method developed by Texas A&M The peaks include both the parent

molecules and the rnetllylated molecules derived from them, which have similar environmental effects

and are of similar cono~rn. The Texas A&M method reports the concentrations of39 individtJal

compounds at detectio:1levels of 0.01 -0.05 ~g/l-for each p~ The methylated PAll compounds

currently are not regulated by the United States Environmen,tal Protection Agency (EP A) or the San

Francisco Basin Plan.
""""""-.."'.'--'.'-"' '-..'...'

0

Figure 4-1 shows a p101 presenting the concentrations for each of 3 9 individual compounds in two

samples as ~easured b~ EPAMethod 8270 (upper plot) and by. the Texas A&M method (lower plot).The open bars represem the detection .liinrts ofEP A Metl1od -S27Q- whiie the striped arid solid boars. ---

represent the concentra1 ions of specific P AHs as detennined by the Texas A&M method. The relative

abundance of the different compounds found in Sample #1 provides a "fingerprint" .t1Pical of urban

runoff where the lighter, more volatile compounds (left of the plot) are present at very low

conc~ntrations due to w2thering. This pattern was seen in most of the other samples collected in



Concentiatlon(ng/1)
g 8 §g g g 8c

-Dectectlon Limit (ngn)

8:-i ~ 8 8 i ~ ~~
.Z

0

~EHE

CI~~ES

CZ~~ES

~~ES

~~~~

IIPHENYl

ACeIAPImmeIE

ACENAPtffiENE

--.FlOOREHE

CI.~R9jES

.C2-F~RENES

=F~RENEs

PHE)&OHTHRENE

AKr'*W;ENE

CI-PtlEN_-

CZ-PHEN_AHTI«

c:s-PtiEN_AHTI«

C4-PtlEN_-

DIIENZOnilO

CI-DIB~

CZ-DIBEN

C:S-DIBEN

01~
01~'"..
~
;

.~
QI
:J
QI

~
ID
(II I~I .m ~ .~ .>
~ ~- -J ,~. --~ ,.. ~

.0

.

1
cr'<

i
III
>
po

~

I.

..

F\.OOR.AHTHeNE

PYft~E

CI-FLOOR.AN_PYft

8e HTHRAC~E

CtlRYSeIE

C1-cHftY$9ES

CZ.a4ftYSBES

~Q4RYS~S

~Y$e.ES

8e..FLOOR.AN

8~LOOR.AN

8ENoPYftCNE

8~YftENE

PEftYWIE

I12)cQPYftENE

D8aMim«A

8~PERYLENE

I.

II~

.'C")o
0~
"0~
~
~,
0
z
0"
"0~:c
c~
~
~
~
[D
r-
m"~
0~
c
=r;
"T1
m
~
m
z
-i
~
m
~:c
0c
'cn

..

!(II

onG)

c:"m

~
I-"

: f~~~~~~:==~~~~~~~

:1

~~
~ I

:tC::==:-~[!J
m (/) (/) ~I

3 3
"i "ill. 1

" :1



Recommended ConsUtuents For Monitoring

non-detect can not lIe dismissed as unimportant in the sample analyzed. Lower detection limits

lead to greater accu].acy at low concentrations, better estimates of mass emissions, and more

accurate determinati on of risks to aquatic life and human health.

For many constitueI1ts (e.g., copper, lead, zinc) the laboratory currently utilized is capable of

calibrating the instrument for the recommended detection limits using current EPA-approved

analytical methods. However, for some organic constituents (e.g., PARs, diazinon) the standard

EP A approved methDdology cannot achieve the recommended detection limits, even with

modifications. Therl~ are .laboratories which specialize in these low-level analytical techniques but

the use of these metllods would need to be negotiated with the RWQCB.

4.2
I

CHEMICA.L AND PHYSICAL ANALYSES

4.2.1 Metals, Anions, and Cations

Metals that are consi iered pollutants of concern are recommended for analysis in mass emission

stations (total and di!:solved fractions) and land use stations (total fraction), at the detection limits

specified .(Tables 4-2 and 4-3). Other metals, anions, and cations that are !1either toxic nor macro-

nutrients are recommended only for special studies which require their analysis (Table 4-4). Iron,

especially the fractioIl bound to particles, has an effect on the ratio between total and dissolved

copper by providing J>inding sites for copper and decreasing the dissolved (toxic) fraction: It is

recommended that ir<)fi be measured at mass emission stations and that "particulate iron"

concentrations be call~ulated from total and dissolved data.

4.2.2 VOCs and ,SVOCs

'--- '-- With the exception of'bis(2-ethylhex:yl)phthalate and other plasticizers, volatile and semivolatile

organic compounds ~ -ere not detected at the detection limits used in the past two years.

Continued monitoring ofVOCs and SVOCs is not anticipated to yield any useful data. rhese
,- methods may be appn>priate for special studies or, in specified areas, in response to spills or mass

discharges of organic constituents. Additionally, in accordance with the Permit, the LACDPW .

may exclude VOCs fri)m the list of constituents [Attachment C, provision B(2)(b)] for mass
..' emISSIOn momtonng sltes.

Woodwardocft'deQ S:\MICHELLE\954P245.DOC\7 -Dec.96\954P245\OAK 4-6
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TABLE 4-4
SUGGESTED ANAL YTE SUITE FOR SPECIAL STUDIES

Detection
Limit

Sample
TypeMethod Units Preservation Time

I~Jass 

Co~stituent -IConventional

i Total Phenols

Dissolved 0 en-

Bacteria and Viruses

Fecal Enterococcus.Enteric 

Viruses

420.1 mg/l
ma/J

°C, 0.008% Na2S20

noneJequired

7 days
immed.

grab
arab

MTF
9510(1)

<20

1
I MPN/1'OO ml

PFU
4°C
4°C

6 hours

48 hours
grab
arab

IGe-neral

VSS
TOG

160.4
415.1

mg/l

mg/!
7 days

28 days

425.1
4110
4110
4110

mg/J
mg/!
mg/l
mall

4°C
4°C pH<2 HCI or
H2SO4 or H3PO4

4°C
none required
none required
none required

28 days

pH<2

pH<2

pH<2

pH<2

pH<2

pH<2

pH<2

pH<2

pH<2
pH<2

I' MBAS

Chloride! 
Fluoride

I Sulfate I
Metals (total and/or dissolved) -

Aluminum

Antimony
Boron

Calcium

\ Iron

Magnesium

Manganese
Potassium

Sodium
Thallium

USemivolatile Oraanic ComDounds

202.1
204.2
212.3
215.2
236.1

3500 (1)

243.1
258.1
273.1
279.1
8250

608

507
8240

1000

10

100

1000

100

1000

100

1000

1000.

10

varies

varies

varies
varies

Ug/l
ug/l

ug/l

Ug/l
Ug/1
Ug/1
ug/l

ug/l

Ug/1

~
~
~
~
uq/l

4°C
4°C
4°C
4°C

I 

6 months

i 6 months!

6 months I

6 months

6 months! 

6 months

i 6 months
~ 6 months

6 months~
months 7 da

7 daI 
7 days

I 7 days

I composite I

composite

composite

composite

compos.ite

composite

I composite
I composite

composite

composite

composite
, composite i, .i composite I

I composite

"Pesticides and PCBs

"Volatile qrqanic Compounds

(1) Standard Methods for the Exc mination of Water and Wastewater, 19th ed.

'2/~ 3:25 PM

-..
h:lmsomc.lexceM C9mrodr()

HNO3

HNO3

HNO3

HNO3

HNO3

HNO3

HNO3

HNO3

HNO3

HNO~



Recommended ConsUtuents For Monitoring

stonnwater was consistently toxic to test organisms (Ceriodaphnia dubia, a small crustacean) and .

diazinon was identified as the cause, ~xh1Diting toxicity at concentrations of 0.3 ~g/1. Diazinon was

d~tected in all sarnpl~s tested from San Francisco Bay.Area watersheds using LCMS (a more sensitive

method), sometimes at concentrations that are known to be toxic, while chlorpyrifos was detected less

often. Diazinon is much more soluble (about 40 mg/1 in water at 200 C) than chlorpyrifos (2 mg/l) and

other pesticides used by homeowners.

4.2.6 Bacteria

The data reported pr( :viously does not specify the meaning of numbers reported as "higher than",

e.g., >1,600,000 MPJ-J"/100 mI. For all microbial parameters, it isrecornrnended that stormwater

samples be given sutE cient decimal dilutions in the most probable number (MPN) method to provide

definitive values. Results indicating the order of magnitude (e.g., 2.4 x 103, or 2.4E+3) are easier to

comprehend and use in statistical analysis where logarithmic transformations are desired. .As for
.

different species ofhumml fecal indicators, it is recommended that the "traditional" indicators (total

coliform, fecal colifonn, and fecal stretococcus) be used in routine monitoring, and that other indicators

be used in focused sfu iies to answer specific q~estions, in coordination ~d possible collaboration with

other agencies that COJ Iduct epidemiological studies. Specifically, coordination and consolidation with

the Santa Monica Bay Restoration Project (SMBRP) Technical Advisory Committee beach testing

may be beneficial to L,\CDPW.

4.2.7 Toxicity Testing

The sea urchin fertiliz ltion test specified in the Pem1it is a suitab}e toxicity test to predict the

potential impact of stclrmwater runoff on marine receiving waters. The same test can also be used
-:- topredict- problems--as sociatea With. sediment contamination through the examination or sediment-

.pore (interstitial) water samples.

4.3 SPECIAL SiTUDIES

Special studies have bt:en used to address a vast array of stomlwater-related problems and

questions, and in many situations have provided extremely valuable infomlation at a: relatively low

cost. The most important features of special studies are their focused design and their being

-.-Q

~Iyde S:\MICHELLEI954P245.DOC\7-D8c.ge\g54P2451OAK 4-10--
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the San Francisco B~,y Area in!ecent years. On the other hand, unusually high .concentrations of

naphthalene. and its S lbstituted derivatives (the original molecule with additional carbon sidechains)

were seen at one of tile monitoring stations (SaIriple #2) for one event. This may reflect fresh inputs of

some light mixture Sllch as diesel fueL and could imply that a spill had occurred somewhere in the

watershed. In comp~ rison,' the same data are plotted as if the sample had been analyzed by .'

EP A Method 8270 al: the detection limits previously used in the LACDPW Monitoring Program. This

hypothetical analysis :-esults in no detections for any P AHs.

Samples analyzed by. EP A Method 8270 which are reported as non-detects may contain parent P AH

molecules (e.g., napttalene) at con~ntrations below the detection limit and/or substituted compounds

at any concentration. For example, in Figure 4- ~ compound 1 in the upper plot corresponds with

napthalene in the lowt:r plot. Napthalene, the parent molecule, is present at a concentration of about

150 ng/i in Sample #2 (lower'plot), however it would go undetected if the sample had been analyzed by

EP A Method 8270 with a detection limit of 500 ng/i (upper plot). Substituted napthalene compounds,

which have similar en,ironmental effects as napthalene, are present at concentrations ranging from

about 650 ngi1 toabollt 1600 ngi1 in Sample #2 (lower plot). Hpwever, because EP A Method 8270

does not measure substituted P AHs, the,se napthalene-derived compounds would go undetected in the

hypothetical analysis p \ctured in the upper plot.

4.2.4 ChlorinatecJ Pesticides and PCBs

Chlorinated pesticides md PCBs were not detected in any of the stonnwater samples analyzed. Most

.of the compounds that this method (EPA608) quantifies have been banned in the u.s. for years. They

per~i~. ~ the environml ~nt (very few bacteria have enzymes that can metabolize these ~thetic

molecules) and some c,m accumulate and bioconcentrate in the food chain. Although some of the

banned chlorinated org;mics are retained in sediments, they are very insoluble and tend to stay attached

---ta-particles. .If there is.J 10 massive resuspension ofdeep-sediments..in-the. watersheds, it is.unlikel¥-. that -

these compounds will be detected in stonnwater.

Organophosphorus pesticides have widely replaced chlorinated pesticides because they are broken

down rather quickly in ~he environment and they are very effective (toxic to insects) at low

concentrations. Unfortt :nately, these compounds are also very toxic to aquatic life, particularly to

cruStaceans and insect l~rvae. Routine analysis of storm water in the San Francisco Bay Area using

EP A Method 8140 at a ,ietection limit of 1 ~g/l consistently resulted in no detections. However,

--QWoodward~
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Recommended ConsUtilents For Monitoring

amenable to a tiered approach, in which each phase of the study is designed based on the

conclusions drawn from the previous phase.

Table 4-4 includes :he recommended methodology and detection limits for constituents that may

be relevant to specific special studies. These constituents are not recommended for routine

monitoring, either t ecause they have not been detected in the past, or because it is not clear what

the past detections ,lctually meant and how such data could be used. Additional analytes could be

chosen from Table .~-2 as desired.

For example, metals, anions, and cations that are not considered pollutants of concern have been

quantified in the past and an extensive database has been compiled. If desired, the existing data

could be analyzed alld questions could be fonnulated based on that analysis. A special study

could be designed, a limited study area selected, and new data analyzed to try to answer the

formulated question::. Topics of interest may include ionic balance in stonnwater, effects on

speciation of trace IT.etals, etc.

The background concentrations of trace metals within a watershed is ofintere'st for many

stormwater moniton1g programs. For example, monitoring in the San Francisco Bay Area

watershed indicated t 1at peak concentrations of mercury and other metals were observed when the

contribution of runoff and suspended solids from 'open land began, after the hills were saturated
I

(Contra Costa Clean 'Vater Program, 1995). An open space special study was designed to provide

data that allowed com parison of metals concentrations in the runoff from open space, upper watershed

areca5 with metals concentrations from the urban portion of the same watershed.

Plasticizers, particulaJ1y bis(2-ethylhexyl)phthalate, have typically been detected by stormwater

monitoring programs that used EP A Method 8270. The plasticizers could be coming from the

watetSlfed~"tne samplit1g equipment, the laboratory reagents, or""even from the "laboratory distilled

water. If deemed nec ~ssary, a focused, highly controlled special study could be conducted to

identify the source of plasticizers, rather than extending monitoring resources to continue

analyzing for plasticiz ~rs in all stormwater samples.
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Sampling Procedures
..

Appropriate sampling procedures are essential to obtaining representative samples which yield

quality data.

PREPAR.J~TION AND TRAINING5.1

Adequate preparatior: and training will support the efficient collection of uncontaminated

storrnwater samples. Prior to beginning storrnwater sampling, members of the sampling crews

should:

be trained by e}:perienced persolU1el in the use ofall sampling equipment;

.

maintain an adequate supply of sample bottles, coolers, ziplock bags, chain-of-custody fOnI1S,

etc.;

.

clean any equipI nent that will come into contact with the samples using laboratory grade soap

(Alconox) and tJlorougbly rinse with distilled wate~

label all sample llottles prior to collection; and

.

check all equipment to ensure that it is in proper working order...

The sampling crews shot ld be instructed on prop~r sampling teclmiques for stOmlwater sampling,

appropriate sample containers for each analyte, sa:mple preservation, sample bottle labeling, and ~eld

measurement of temperat ure.

SAMPLE COLLECTION5.2

Appropriate sampling pro~;edures must be followed during the collection of stormwater samples to

help minimize the potential for sample contamination. The recommended sampling methodology is

givenbelow:-'-

Wear clean latex g1 oves and avoid contact with the inside of sample bottles, bottle caps~ and

'sampling tubing.

.
Woodw8I'doCI~~ .-;. --
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StCTlONFl'TE Sampling Procedures

Grab Samples areC()llected for several analyses. The use of grab samples is intended to minimize the
..

loss ofP AHs and a it and Grease (O&G) to the walls of the composite bottle and improve data quality.

Bacterial samples must be collected directly into sterile sample containers. The NPDES Stonn Water

Sampling Guidance Document (EP A, July 1992) states:

"The regula1ions at 40 CFR 122.21(g)(7) identify certain pollutants for which grab

sampling is lequired. Monitoring by grab sample must be conducted for pH,

temperature, cyanide, total phenols, residual chlorine, O&G, fecal coliform, fecal

streptococcLS. Composite samples are not appropriate for these parameters due to

their tendenc y to transform to different substances or change in concentration after a

short period of time. Such transformations may be particularly likely in the presence of

other reactiv,~ pollutants."

However, in accordatlce ~th the Permit, for land use monitoring sites the LACDPW ~ exclude

constituents that reqlire grab sampling [Attachment C, provision B(l)(d)].

All other recommend ~d laboratory analyses are perfonned on aliquots of composite samples.

SAMPLE COMPOSITING AND DISPENSING5.3

I

The automatic sampl ers used by the LACDPW accommodate four bottles of 10 liters each that
.

are :filled in rounds d: Iring the stonn event. This arrangement allows for collection of any volume

up to 40 liters, and a;;sures a good capture of the stonn event even when it is not possible to
---:-accurately'predict rainfall and. stonn duration:-Moreover, it is-not.necessaryto.replace.bottles ..

.during a storm event. Compo siting is simple if the entire volume from each of the four bottles can

be combined into on~ 1 O-liter bottle. However, if this is not the case, care must be taken to

obtain representative subsamples for analysis~..

Flow-weighted sampJing results in larger volumes of sample being collected in high flow

conditions as comparl~d to low flow conditions. An accurate representation of the EMC can be

obtained by combinin~ equal percentages of the volume from each of the four bottles into one

container. For exam~le, if the four bottles contained 5L, 7L, 3L, and 4L, a representative sample
, ---

S:\MICHELLE\954P24S:boC\7 -gec-e6\954P245\O.A.K 5 -3
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Sampling Procedures

.

Fill sample bo tiles directly from the storm water discharge (if possible) or from the appropriate

sample collec1 ion container. Dip the sample bottle or sample collection container into the

center .of flow with the opening facing upstream. Prevent the sample bottle or sample

collection contain~r from coming into contact with or collecting uncharacteristic floating debris

or disturbed sl~dirnent.

Do not rinse cr ovedill sample bottles to prevent loss of any preservative (often an acid).

Cap sample b()ttles tightly and place in a cooler for preservation.-

.

Rinse sample t;ollection containers with deionized water between sample collection sites and

with local stormwater once immediately before beginning sample collection for the next site.

This process i1: intended to prevent cross-contamination between sites.

When it is riot possible to collect a sample with the sample bottle, it is essential to use a sample

collection container w]uch will not contaminate the sample. In other words, dt? not use a metallic

container to collect saInples which will be analyzed for metals and don't use a plastic container to

collect samples which..:I.'ill be analyzed for organics. Appropriate containers for the collection o.f

organic samples include tet1on bailers, bottles, or pump tubing; and metal buckets.

Some analyte concentrations will change over time unless the samples are preserved. Required sample

containers, preservatio 1 techniques, and maximum holding times for various types of analytical

parameters are provided in Tables 4-2, 4-3, and 4-4. I

Samples must be trackl:d from the time of collection through laboratory analysis. All sample custody

and transfer procedure:: will be based on EP A-reconunended procedure.s. for documenting sample._-

collection and handling processes. Chain-of-custody forms will be used to document the relevant
..

infont'lation for each sanple bottle and the transfer of bottles to the laboratory.

Two types of samples are collected in stormwater monitoring programs: p and composite. A grab

sample represents a snapshot at one point in time during an e~ent, while a flow-weighted composite

sample provides the ev~~nt mean concentration (EMC) for parameters analyzed and provides the best

overall representation 0 f analyte concentrations resulting from "the storm event.

f
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Sampling Procedures

could be obtained by combining 50% of the sample from each bottle into a fifth la-liter bottle. 'In

this case, 2.5L, 3.51" 1.5L, and 2L would be combined for a total composite sample of9.5L.

Since most stonnwa1er pollutants are known to be adsorbed to particulate matter to some extent, it is

important to obtain a representative distribution of suspended solids when samples are compo sited and

subsequently subsarn:)led into different aliquots. Failure to do so may affect the observed ratio

between dissolved an1 total metals, the toxicity of dissolved substances, and the observed relationships

between various ana1~rtes. Representative subsamples can be obtained by siphoning each composite

sample into the subsanple containers in small, repetitive increments while constantly stirring the

composite sample.

SHIPPIN(i5.4

Samples must be properly packed to eliminate the possibility of breakage or contamination. The

appropriate shipping c r transport procedures are as follows:

Place 1)lue ice (frozen) or regular ice (in zip lock bags) in the cooler to maintain sample

tempeJ"ature at 4°C.

.

Wrap J~ass sample bottles in bubble wrap or similar protective material to eliminate

movenlentand breakage during transport. Plastic bottles do not need to be wrapped.
I

Make :;ure all caps are tightened.

Verify that filled sample bottles correspond to the completed chain-or-custody fOffi1.

.

_.. Place aU sample bottles securely in the cooler. Enclose'sampling records (including

chain-cf-custody fOn11S) in a ziplock bag inside the cooler.

Deliver samples to the laboratory immediately.

..
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QualitY Assurance/QualitY Control Plan

A Quality AssuranCeJQuality Control (QA/QC) plan is an important component of a stOmlwater

monitoring program involving field sampling and laboratory analyses. Because of the inherent

variability in stormwater samples, it is important to minimize additional variability introduced by sample

collection, handling, and analytical techniques. It is also important to minimize inaccuracy introduced

by contamination or J: oor calibration of laboratory instrum~nts. This section reviews curr~nt QA/QC

practices 'and presen~ specific reconunendations for QNQC procedures to be perfomled as part of the

Monitoring Program.

The objectives ofa Q~VQC plan are threefold: (l)to assure completeness, i.e., all elements ofa

stormwater monitorinl~ program are conducted, (2) to help identify and minimize potential sourceS of

introduced error in'the stormwater sampling and analysis process, and (3) to assure that reported

,results meet data quality objectives of accuracy, precision, sensitivity, and detection limits.

Implementation of a s(lund QNQC plan ensures that the data collected are of high quality and

defensible in regulator:;' proceedings.

FIELD QAJQC SAMPLES6.1

Field QNQC proceduIes include the collection and analysis ofpredeployment blanks, field blanks, and

field duplicates.

Predeployment Bk:nks: Potential sample contamination due to sample collection equipment is.

assessed through U.e collection and analysis of.predeployment blanks. At the beginning of the

storm season, all sample collection tubing should be cleaned. A predeployment blank for each set

of sample COllectiOI L tubing (all tubing associated with oile sampler or pump is a set) should be

collected and analy: ~ed. Clean reagent -grade laboratory water is pumped through the clean tubing,

-collected in "Sample bottles,-labeledas "predeployment blanks", and analyzed. Results are checked

prior.to the deployt11ent and ifnot clean, equipment is recleaned until acceptable blanks are
..

achieved.

.

--j
FieldB/~: .Potellfial sample contamination due to sample handling arid st6nige meth6dsls.

assessed through thl~ collection and analysis offield blanks. Clean reagent-grade laboratory water
.is collected using thl~ standard sampling procedure (where possible), labeled as "field blank", and

analyzed. If the statldard collection procedure at a site utilizes fixed intake lines~ predeployment
blanks rather thati fil~ld blanks are collected and analyzed. One field biank should be collected for

.
each storm event frc ,m one of the sites sampled during that event.

WaodW8'd-Clyde ~
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SECTIONSI)<;~ Qualltv Assurance/Qualltv Control Plan

.

Field Duplicate:::, Sample representativeness, accuracy, and precision are assessed through the

collection and azlalysis of duplicate stormwater samples. Accuracy refers to how close the

measured value i s to the true value. Precision reflects the reproducibility of a measurement; how

close repeated IT easurements are to one another. An additional. set of grab sample bottles are

collected at the chosen QAlQC site, labeled, and analyzed. All grab sample duplicates are treated

as "blind field" d Jplicates and given a fictitious station identification and collection time. For those

water quality pazarneters being analyzed with flow-weighted composites, sample duplicates are

prepared by the I moratory by replicate subsamp~g of the composite bottle. Field duplicates

,should be collect::d from one site during one storm event of the season.

LABORATORY PROCEDURES

In order to assure qucility data, the laboratory must strictly adhere to QNQC protocols confonning to

or exceeding those set forth in EP NDOHS guidelines. Specifically; the'laboratory must follow all

QNQC procedures ,)utlined in their QNQC manual. This manual includes equipment calibration

procedures, prevent~~tive maintenance, data validation procedures, and corrective actions.

Required quality control procedures, as given in the laboratory QNQC manual, are summariz~ in

Tables 6-lathrough ~,-ld. Every effort to meet target detection limits, holding times, and sample

preservation techniqUI ~s must be made by the laboratory.

,
INDEPENDENT QA/QC EVALUATION

The accuracy ~d prec:ision of the stonnwater data should be evaluated. The evaluation should include
.

a reyiew of the results of:ijeld- QNQG ~pl~s as w~n.as tll~.following aspects of laboratory

procedures and analyti cal perfonnance: holding times, method blanks, duplicates, matrix s~ikes and

matrix spike duplicate:., surrogate recoveries, laboratory control samples, and standard reference

materials as required by the specific analytical method used.

.Holding Time: Analytical methods have an associated prescribed holding time, that is the

maximum amoun1 of time after collection that a sample may be held prior to extraction and/or

analysis. Sample integrity becomes questionable for samples extracted and/or analyzed

outside of the holliing times due to physical and chemical changes to the sample (e.g.

degradation or volatilization). The results of such analyses are suspect. Sample preparation

~ Q
Woodward.clyde



TABLE 6-18
LABORATORY'S A.NALYTICAL QUALITY CONTROL REQUIREMENTS FOR WASTEWATER

Sterility
Contro!

Positive
Control

Air
Control

API 20B
(for~%)

Completed I

Test
Duplicate
Samples

R.f.~-
MICROBIOLOG[CAL ANALYSES

(Quarterly
or all +)

(for lO% of

samples)
Frequency of Analys~

(OF WASTEWATER)

BB9ZZ1 B .ITotal Colifonns by MIF .r ./
BB9221C .r "Fecal Coliforms by MTF .,/

.I (before
and after
each run) I

./ (before
each run)

BB92228 ../Total Colifonns by MF

.I' (before
aIld after
each run)

.I' (before
each run)

BB9222D .I'Fecal Colifom1s by ~

BBnJOB ./ ./ .,/Fecal StreptococcitB 1terococci by MfF

'"889230C ./ ./Fecal Streptococci/E11terococci by ~

41020N_\WPS1\T~W.WPS\1 (QMRODRIO)
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T.-\BLE 6-1b
LABORATORY'S ANALYTICAL QUALITY CONTROL REQUIREMENTS FOR WASTEWATER

INORGANIC CHEMISTRY,
NUTRIENTS, & !)EMAND

Matrix
Spike
Dup.

Reference Calibration
Curvel I

Method

IStandard2

Matrix
Spike3

5% for WW
10% for OW

Duplicate
AnalysesS

Reagent
Blank6

External
Refere"c~7

Frequency of Analyse~ Each

Analyses
Each

Analyses
5% for WW
10% for OW;

Each

Analyses

Each

Analyses

I 

.I

I 

.1'-

I 

.I' ./

I ./ I ./. I ./

i 

.I' I ~ I .I' I ?= .I' ,

I ./

I 

.I

L__L- 

,
*

t!'

I 

.I'

.I'
I .I'

I 

./

I. A calibration curve is required for all slectrophotometric, ISE, IC, and automated wet chemical methods. See QA Manual for calibration curve requirements. Run
a standard check every 15 samples or at tl e end of the run.
2. Two calibration standards (high and 1011' concentration) must be tUen through the complete analytical process tb verify the reliability of the technique.
3. Matrix spike recovery analysis is not rcquirecd for gravimetric or titrimetric methods. Spiked level should not exceed action level. if established, or should be at
midrange standard.
4. For analyses with an asterisk (*), duplicate matrix spike is recommended, not required.
5. Rcplicate analyses of actual sample is "'qaircd for all analyses performed.
6. A reagent blank (method blank) is DI ~ ater processed the same way as an actUal sample.
7. An external reference sample should be !Un with each sample batch.
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.TABLE 6-1c
LABORATOR'('S ANALYTICAL QUALrry CONTROL REQUIREMENTS FOR WASTEWATER

Matrix
Spike
Dup!2

Calibration
Curve'

Method
Blank9

Duplicaw
A11alyseslO

I 

~~~l Spike! II;5% 

forWW

110% for DW

Reference TOXIC CHEMIc:AL ELEMENTS External
Reference!3

Each

Analyses
Each

Analyses
5% for WW
10% for DW

Frequency of Analyses Each

Analyses
A202.2 Aluminum of wi' ./' "' See note 12 w'
A204.2 Antimony

Arsenic

." ./ .I' ./ See note 12 wi'

A206.2 .I .I .I'

;r

wi' See note 12 ,/

A208.2 Barium wi' .I .I I See note 12I 

See note 12

w'

A210.2 Beryllium

Cadmium

./ wi' of ./ ./

A213.2 ./ ..r

~~

See note 12

See note 12

.r
Chromium (VI)A218.6 wi .I'

~~

w'

A218.2 Chromium. Total .I ./

~

wi' See note 12 of

A219.2 Cobalt wi' .I' ./ wi'

! 

See note 12
.

i See note 12

-'
A220 .1 Copper

Iron

.I ./ ./ ./ .I'

A236.1 of .I ./ wi' See note 12 -'
A239.2 Lead

~

.r ,., .I See note 12 of

A243.1 Manganese

Mercury

Molybdenum

Nickel

./ .I .I- .I See note 12 .r

A245.1 .r wi' ... wi' ~ee note 12 wi'

A246.2 of ..' " wi'

I 

See note 12 w"

A249.2 of .I wi' of' See note 12 wi'

A270.2 Selenium ..' ." .r ./ See note 12

~

A272.2 Silver wi'

~

./ .r See note 12 ./

B326A Strontium

~

.I' wi"

~

See note 12 .,.
A279,2 Thallium " .I ./ .I' See note 12 ./

A282.2 Tin of wi .I' wi' See note 12

See note 12

."
A283.2 Titanium

~

-'" wi' ..' of'

A286.2

A289.1

; 

Vanadiwn
[

I Zinc

wi' .r .I'

,/

01' See note 12I 

See note 12

./

./of of' wi'

8. A calibration C\l1'I/~ must be ~stablish~d for ~ach analys~s from a calibration blank and a minimwn of th~~ standards. A calibration blank is DI water Mth the same
amount of acids or other ~ag~nts as the a :tual samples and standar<is. Run a standard ch~ck every 15 samples or at the end of the run.
9. A method blank is Dr water proc~ss~d he same way as an actual sample.
1 O. R~plicate analys~s of actual sampl~ is ~quired for all analyses perfolUled.
11. Sampl~s should be spik~d at l~v~ls nol ~xc~eding tb~ action lev~1 or maximum contaminant l~v~1 (MCL) for the analyt~. Spiking standard must be from a. source
separate from the calibration standard.
12. Duplicate matrix spikc is ~comrnend~ i. not required.
13. An external ~ferencc samplc should b, 'W' with each sample batch.



QualitY Assurance/QualitY Control Plan

and holding tines prior to analysis should be reviewed for exceedances of the method

prescribed holding times. For composite samples, the holding time begins when the last

portion of the sample is taken. For example, a composite sample which is collected from 8:00

am on Thursdiy to 6:00 pm on Friday has a holding time which begins on Friday at 6:00 pm.

0
1

Method Blan/(s: Potential sample contamination'due to laboratory contamination (e.g.

contaminated reagents, improperly cleaned laboratory equipment, or persistent contamination

due to the pre;ence of certain compounds in the ambient laboratory air) can be assessed

through the aralysis of method blanks. Method blanks consist of deionized, distilled water

that is extractt:d and analyzed as a sample. Method blanks are also called laboratory blanks.

One method b lank should be analyzed per analytical batch per matrix type for the appropriate
, '

methods.

.

Duplicates: An evaluation of analytical precision can be obtained through the analysis of

duplicates. Thlplicates are two aliquots of the same sample that are analyzed for the same

constituent. ;~he relative percent differ.ence (RPD) between the duplicates is calculated by

dividing the difference between the results by the average of the results as a percentage.

Duplicate RPlls are reviewed to assure that they are below the control limit (20%).

Duplicates should be analyzed on a 5% basis for the appropriate methods.

Matrix Spike Gnd Matrix Spike Duplicates (MS/MSD): An evaluation of analytical accuracy

and precision (;an be obtained through the ana)ysis of matrix spikes and matrix spike

duplicates. M:ltrix spikes are necessary because matrix interference (interference from the

sample matrix -water, soil, or other) may have widely varying impacts on th~ accuracy and

precision ofth,~ sample analysis. A sample aliquot is spiked with a known quantity of the

analyte, then it is extracted and analyzed. The results of the analysis are compared with the

known additiolls and a matrix spike recovery is calculated. The recovery gives an evaluation

of the accurac~' of the extraction and analysis procedures. Typically matrix spikes are

performed in duplicate in order to also evaluate the precision of the methods. Matrix spike

recoveries are reviewed to assure that they are within the acceptable range (80% to 120%).

Matrix spike RPDs are reviewed to assure that they are below the control limit (20%). The

frequency sug~~ested is one MS/MSD pair per analytical batch for each analyte for the

appropriate m~:thods.

.

Surrogate ReclJveries: Surrogates of complex organics are added to samples to monitor the

effect of the m itriX on the accuracy of the analysis. Accuracy refers to how close the

measured valul~ is to the true value. Surrogate spikes are compounds very similar to target
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analytes, but are n(lt normally found in environmental samples. Surrogates should be spiked

into every method blank, laboratory control sample, sample, and MS/MSD for the organic

compounds for which they are used.

Laboratory Fortifi,~d Matrices: Laboratory Fortified Matrices can be used to monitor the

accuracy of a giver method. The laboratory fortified matrix is prepared similarly to the matrix

spike, except a fortified matrix (contaminant free) is used in place of the sample matrix. The

recovery 9fthe iabl)r~tory fortified matrix spike gives an evaluation of laboratory accuracy

iridependent ofmatri~ interference. Laboratory fortified matrices are used to determine the

overall. performancl~ of methods used. Laboratory fortified matrix recoveries are reviewed to

assure that the):' are within the acceptable range (80% to 120%). Laboratory fortified matrices

should be analyzed once per analytical batch for the appropriate methods.

.

External Reference~: External References are samples of known concentrations from a

source external to 11e laboratory, and are used to provide a measure of the accuracy of the

analytical methods Ilsed by the laboratory. External refer~nce recoveries are reviewed to

assure that they are within the acceptable range (80% to 120%). External references should

be analyzed once per analytical batch for the appropriate methods.
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