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Background I-I

11.0 BACKGROUND

This document provides a summary of
stOrmwater runoff data collected in the San
Francisco Bay Area from 1988 to 1995. Runoff
data has been collected by a number of Bay Area
agencies for a variety of purposes including
characterization of pollutant concentrations from
different land-use areas. assessment of
compliance with receiving water quality
objectives. source identi fication of pollutants and
toxicity. and evaluation of Best Management
Practice (BMP) effectiveness. The focus of this
data analysis project was to compile all Bay
Ar.':l runoff data into a cohesive database and to
pe:'!onn analysis typically conducted by each
agl·ncy. Comhination of all data provides a
grc;.l[er understanding of the quality of runoff and
inGcases the confidence in the conclusions
dr:! wn from statistical and regulatory
comparisons.

T;.~ Bay Area Stonnwater Management Agencies
Association (BAS~1.A,.A) is made up of seven
storm water management agencies in the San
Francisco Bay Area. md facilitates the sharing of
information and implementation of specific
stonnwater management activities which are best
performed on a region-wide basis (such as public
information and panicipation. new development
control measures. and monitoring). BASMAA
has several Comminees. one being the
Monitoring Comminee which was fanned to
coordinate routine monitoring and special studies
conducted in the Bay Area and to facilitate
sharing of information generated within the
region and state. and nationally.

Previously. the Monitoring Committee funded a
project to develop and document standardized
monitoring protocols and quality assurance/

quality control procedures for routine stonnwater
quality and flow monitoring. The BASMAA
Standardized Monitoring Protocols Repon
(BASMAA 1995) provides details of field and
laboratory procedures used to collect runoff data
for long-term monitoring. Tl1is repon
summarizes the data collected using procedures
similar to those recommended in the Monitoring
Protocols Repon and provides information on
pollutant concentrations at each monitoring
station and how these concentrations compare to
regulatory standards. In addition. this report also
provides an analysis of the relationship of metals
in runoff to la.nd-use and summarizes the results
of the toxicity monitoring.

H:\951267NA\SECT_I.WP5 (GMR) M1012961131
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12.0 STORMWATER MONITORING IN THE BAY AREA

2.1 MONITORING ACTIVITIES IN TIlE
SAN FRANCISCO BAY AREA

2.1.1 Santa Clara Valley Nonpoint Source
Pollution Control Program (SCVNPS)

Stormwater monitoring has been an ongoing
effon in the Bay Area since 1987. The Santa
Clara Valley Nonpoint Source Pollution Control
Program (SCVNPS) began their monitoring
program in 1987. The first two years of the
SCVNPS monitoring program included wet­
we~!:her monitoring at seven stations that drained
difL~rent land use areas, and wet- and dry­
we:llher monitoring at four waterway stations.
The primary goal of this monitoring was to
characterize stormwater runoff water quality and
to estimate annual metal loads to the Bay.
Loads were estimated from the land use
monitoring data and modeled runoff volumes.

In FY 89-90 monitoring was continued at the
four waterway stations to evaluate long-term
compliance with water quality objectives and at
one industrial land use station which was being
used as a pilot demonstration project for
evaluating the effectiveness of an intensive
industrial inspection program.

Monitoring activities during the first five-year
pennit period (started in FY 1990-91) included
continued operation of automatic flow-weighted
composite sampling at two of the four waterway
stations as well as continued monitoring of the
industrial pilot demonstration project. Three
additional stations were added to evaluate runoff
from transportation corridors and from a light
industrial land use area.

2.1.2 Alameda Countywide Clean Water
Program (ACCWP)

Monitoring in Alameda County began in -1988.
Similar to the SCVNPS Program, the first two
years of monitoring were focused on
characterization of stormwater runoff water
quality and estimation of armual metal loads to
the Bay. Wet-weather monitoring was conducted
at ten stations that drained different land use
areas, and wet- and dry-weather monitoring was
conducted at six waterway stations that drained
mixed land uses. Monitoring has continued
during the first five-year permit period at the
waterway stations. The number of waterway
stations had been reduced from six to two over
the last four years. Similar to SCVNPS.
monitoring has also been continued at one
industrial land use station which is being used as
a pilot demonstration project for eValuating the
effectiveness of an intensive industrial outreach
and inspection program.

2.1.3 Contra Costa Clean Water Program

Monitoring in Contra Costa County began in FY
1994-95. The Contra Costa County monitoring
program includes monitoring at two waterway
stations five times a year using automatic flow­
weighted composite water samplers.

2.1.4 City Programs

The cities of Vallejo and Fairfield/Suisun also
conduct stormwater monitoring. Monitoring
results from these programs have not been
incorporated into the database at this time. The
results may be incorporated at a future date.

lfal
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2.1.5 Special Studies

In addition to the flow weighted composite
sampling described above. most of the
BASMAA member-agencies have also conducted
other monitoring for specific purposes. For
example. SCVNPS has studied the effectiveness
of modifications to a detention basin while
ACCWP has used grab sampling to identify
sources of pollutants in industrial and residential
land use areas, as well other studies. A
summary of these and other studies are currently
being compiled by the BASMAA special studies
workgroup of the Monitoring Comminee. The
current Special Studies Summary List is attached
as Appendix G.

2.2 CURRENT BASMAA MONITORING
PROGRAM

Specific goals for the current monitoring
programs are found in the individual programs
Stonn Water Management Plan. As a pan of the
re-focusing of monitoring resources the Regional
Water Quality Control Board staff agreed to
scaling back the monitoring effons conducted by
the Sant4l Clara. Contra Costa., and Alameda
programs to involve monitoring of two
waterways stations by each Program. The goals
of the waterway monitoring currently being
conducted include the following:

1. Determine trends in water quality and
augment the long-term database to include
a range of hydrological and water quality
conditions for representative waterways in
the Bay Area.

II. Determine how receIving water quality
during storm events compares with
available water quality and toxicity
objectives.

Each Program incorporated the typical station
design described below to collect flow-weighted
compoSite samples with the sampler intake
located a few centimeters off the bottom of the
waterway. Storm runoff samples collected using
this method have been found to contain
significant amounts of settleablesolids which can
comprise a signi ficant fraction of the total met4lls
(an average of 34%-58% of the total copper, lead
and zinc were found to be associated with the
settleable solids in two waterways in Alameda
County (WCC 1995). Therefore, comparisons of
these dat4l with water quality objectives for total
metals that were primarily designed for assessing
compliance with effluents that contain low
amounts of solids (such a., sewage treatment
plants) may not be appropriate.

2.3 STATION DESIGN

The typical monitoring station contains a
calibrated flow measurement device (weir and
pressure transducer to measure water height) and
a semi-automated water sampler programmed to
collect a sample aliquot after a given amount of
flow has been recorded. For most parameters,
aliquots of water are collected and combined by
the sampler by means of a peristaltic pump
which discharges into a common container
(composite bottle). Samples collected in this
manner are called flow-weighted composites and
provide data appropriate for estimating pollutant
loads from a given storm event.

Typically. land use monitoring stations are
located within stormwater sewer systems and are
accessed via manholes in the street. Sampler
intakes for the waterway stations are located a
few centimeters above the channel floor.

Transponation Corridor Stations (T) receive
drainage from major highways. expressways or
freeways. Detention Basin (DB) Stations were

Iml
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located at the inlet or outlet toa detention basin.
Reservoir Release Stations (R) were located in
the reservoir spillway and monitor releases
necessary to maintain flood capacity in the
reservoirs.

Table 2-1 provides some of the watershed
characteristics for each of the monitoring
stations. Stations are identified first by County
Code (AL=Alameda, SC=Santa Clara.
CC=Conrra Costa) then by Type (L=Land Use,
S=Waterway, T=Transponadon Corridor.
DB=Detention Basin, R=Reservoir Release) then
by identification number. Figure 2-1 shows the
current and historical sampling locations.

2A LAB 0 RAT 0 R Y A N A L Y SIS
PARAMETERS AND METHODS

Laboratory analysis parameters included in this
report include metals (total recoverable and in
some cases dissolved) and physical parameters
(TSS, TDS. hardness. TOC, total oil and grease).
Analysis for organic priority pollutants (volatile
organic compoW1ds. semi-volatile organic
compoW1ds. polynuclear aromatic hydrocarbons.
organochlorine pesticides. chlorinated herbicides)
was conducted in the characterization phase of
the Alameda and Santa Clara programs. In
general, the organic data indicated that most
parameters were not present at concentrations
above the method. detection limits in stormwater.
However. standard EPA detection limits were
used for most sample analysis, precluding
comparison with risk-based water quality
objectives contained in the Federal Register.

Some detections of banned pesticides and
herbicides (DDT and metabolites, chlordane)
were occasionally observed in sediments from
stream beds. Recently, the Programs have
initiated monitoring for organophosphate
pesticides (diazinon and chlorpyrifos) due to

Stormwater Monitoring in the Bay Area 2-3
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Toxicity Identification Evaluation results which
indicated these compounds are causing toxicity
in laboratory toxicity tests (see Chapter 6)
(Hansen 1994). Results from the
organophosporous analysis will be reponed as a
pan of BASMAA's Diazinon Workgroup and are
not included in this repon.

Table 2-2 presents a list of the laboratory
analysis typically conducted on stormwater
runoff samples. The methods and detection
limits shown are currently recommended by the
BASMAA member-agencies conducting
monitoring. Actual laboratory methods used to
analyze samples in this report are included in the
database along with the detection limit for each
sample.
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2-4 Stormwater Monitoring in the Bay Area

Tahle 2-1
LAND USE CLASSIFICATIONS FOR STATION WATERSHEDS (page 1 of 2)

<: .Land Uu QassiflCQtion (%) . ;>

County StJltlon Location
Ilralnsl:e Arra

(Acrrs)
Open!

Oprn Fore.t
l.Ieht

Industrial
llravy

Industrial
Residential Commercial Tnnsportatlon

~tBi~_1.~W:t~~~~f:iJ.jff~*[;_~~.j:m~~~~jm:m:~~*iRf:IiI~~HrtJI~~~~Hll~~rl~l~~~]~@Il~l~lIl~~~l~~€~lr:~~~I~~gUWi~?::~1m~.J&1Ii~tWW£fla
. ·'51l61NA~_2.WPS (GMR) .

100

26.7 2.1

60.1

2.6

0.1

64.6

98.7

94.6

45.6

18.1 .5.1

0.1

19.6 17.9

9.2 2.4

6.9 3.0

67.1

'III

4.9

8.3

1.8

0.7

2.0

.5.6

8.1

0.8

6.4

21.7

.5

4

21.4

23.3

48

40

42

78

88.1

17

74.3

41.7

67.8

60

88.4

2.5.3

32.9

1.3

0.6

22.8

mind

3.8

9.6

0.1

17.4

17

54

9.1

81.8

17.2

4.1

AL LI Strawberry Creek 167

AL L2 Ettie Street 954

/
.'

AL Ll 24th and Wood Streets 169

AL fA Alice & 4th Street ,. 20

AL 1.5 Elmhurst Creek " 75.5

AL L6 Zone 9, Line D (Merced and Wick's 693

AL L7 Cotter Way 78

AL L8 Dry Creek 6042

AL L9 Pacific Street '/ 2.59

AL L10 37th 5treet 144

AL 51 Codomices Creek 180

AL 52 San Lorenzo Creek 27,209

AL 53 Castro Valley Creek 3,489

AL 54 Zone 4, Line A (Chabot Avenue) 1,0.52

AL 5.5 Alameda Creek 40.5,2.50

AL S6 Zone .5, Line D 1,658

CC 51 RheemCreek 954

CC 52 Walnut Creek 54,530

c.Idcx=oI'-'-'nporf,UNtltISE xu
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Table 2·1
LAND USE CLASSIFICATIONS FOR STATION WATERSHEDS (page 2 of 2)

La"tI UII! (1afJijicatiD" f-') ...>

LonUon
Dralnace Are.

(Acres)
Open!

Open Fornt
I.Icht

Indll\trbl
IIn"y

Inllmtnal
Reslden"a1 Commen:laI Transportation

10O

100

58

20 80

79

100

100

100

100

SC LI Junction Avenue 22

SC L2 Walsh Avenue
)( 2R

SC 1.3 Frances and Beamer 265

SC U Hale Crttk 1,633

SC L5 Sunnyvale East. a\ Fremont Avenue 2,080

SC 1.6 Pusetta and Williams ! 85

SC L7 Stevens Creek, a\ CIU11JI Castanoan 8,410

SC LB Packwood Creek 6,464

SC L9 West San Carlos Avenue 40

SC TI Montague Ellpfessway 12

SC n 1·280 35

SC SI Cal.bans Crttk 9.216

SC 82 Sunnyvale East at Bay!hon 3,437

Be 53 auadalupe River 55,904

BC S4 CoyoteCredt 79,552

• ~-'npaf\UIIDl.I5! xu

1I:\9SI261NA\SECT_2.WPS ,GMR)
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30

64

J

4

71

68

61

30

42

21

7

32

5

100

100
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2-6 Stonnwater Monitoring in the Bay Area

Table 2-2
CHEMICAL ANALYSIS PARAMETERS AND QUALITY ASSURANCE GOALS (page t of 2)

JD Methodology MlIlhod Reference Unitl Tar,,,. 'Our RPD Matris Spikr
Deteclion Limi Limit <;; '< Reeovcl""

/itS RPD
Limit ~

Prelervation Conllliner
TyPe

Maximum
Holdinl!TIme

Volume
fml)

Collection
Method

TH Hardness Titrimclric EDTA 2340C b

TSS Total Suspended Solidi Gravimetric 25400 b

TDS Total Dissolved Solidi Gravimetric 2540C b

COO Chcmical Oxy,en Deman Assay 5220C b

Anions
Chloride. Nitrare. Nitrite.
Sulfate, Phosphate IC 300 a

m!!/L

mg/L

mg/L

mg/L

mgIL

15 N/A N/A 1'11<2 HNOJ P.G 6 months 200 Comp

4 15 1'/,\ NlA 4"C r.G 7 days 200 Comp

10 15 I"/A N/A 4"C P.O 7 days 100 Comp

4 15 NI.'" N/A 4°CpH<2H2S04 P.G 28 days 200 Comp

0.1·0.5 15 t'/A N/A 4"C P.G 48 houn 200 Comp

TKN Total Kjeldahl Nitrogen Spectrometric 4500-Norg B a mg/L

N113 Ammonia S~trometricflSE 350 a mg/L

0.1 30

30

70· 130

iO - 130

30

30

4°C'pll<2112S04

4"CpH<2 H2SO4

P.G

P.O

28 day.

28 days

500 Comp

Comp

I
\.

Tollll-C Total Coliform

FeaI·C Fecal Coliform

FeaI-S FecaI-Streptococcol

Alsay

Auay

A.aay

SM 9222B

SM 92220

SM moc

b

b

b

CFU/llJOml

CFUflOOmJ

CFUfllJOml

100

100

100

30

30

30

NlA

N/A

N/A

N/A

N/A

N/A

4°C

4°C

4"C

P (Sterile)

P (Sterile)

P (Sterile)

6 hour.

6 hOUri

6 bourl

100

100

100

Grab

Gtab

;-.:" ....

T-AI
T-AI
T-Ba
T-B
T-Cd
T-Cr
T-Co
T-Pb

. T-Hg
T-!'
T-Ni
T-Se
T-Na
T-Ag

T-ln

Total Recoverable Digestion 200.2
Aluminum F1arot>-AAI1CP 200.7
Arsenic Furnace-AA 200.9
Barium Fumect>-AA 200.9
Boron Fleme-AA 200.7
Cadmium Furnact>-AA 200.9
Chromium (Total) Fumace-AA 200.9
Copper FurnaC&-AA 200.9
teed FUrnaC&-AA 200.9
Mercury Cold Vapor - AA 245.1
Potassium Aarot>-AAncp 200.7
Nickel Furnue-AA 200.9
Selenium Hydride - AA 270.3
Sodium Aamt>-AAI1CP 200.7
Silver FUrnaC&-AA 200.9

linc FurneC&-AA 200.9

c
c ugIL
c uglL
c ugIL
c ugIL
c uglL
c uglL
c ugIL
c ugIL

c u!!IL
c u!!/L
c ug/L
c ug/L
c uglL
C ulIL
c u,IL

20
I
5
5

0.2
I
I
I

0.2
25
2

0.2
50
0.2

I

P.G 500 Comp

25 70 - 130 35 I'll <2I1NOJ 6 months

25 70 - 130 35 I'll <2 HNOJ 6 month.

25 70 - 130 35 pH <2 HNOJ 6 months

25 70· 130 3S pH <2 HNOJ 6monlhs

25 70 - 130 35 pH <2 HNOJ 6 month.

25 70 - 130 35 pH <2 HNOJ 6 months

25 70· 130 35 pH <2 HNOJ 6 month.

25 70 - 130 35 pH <2 HNOJ 6 months

25 70· 130 35 pH <2 HNOJ 28 deyl

25 70 - 130 35 pH <2 HNOJ 6 month.

25 70 - 130 35 I'll <2 UNOJ 6monlhs

25 70 - 130 3S pH <2 HNOJ 6 month.

25 70· 130 35 pH <2 HN03 6 months

25 70. 130 35 pH <2 HNOJ .; monthl

25 70 - no 35 pH <2 HNOJ 6 months

61N"\TABLE1-2.XLS IGMR) M092~
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Tahle 2-2
CHEMICAL ANALYSIS PAUAMETERS ANn QUALITY ASSURANCE GOALS (page 2 of 2)

ID Parameter Methodology Method Reference Unitt Tar,el Dup RPD Ms.rix 5"il:o
Deteetion Limi Limil" <;; Reeo\"8t\

t-IS RPD
Limil \{

Pre,ervat;on Conlainer
Type

Maximum
Holdin!! Time

Volume
Imll

Collection
Method

",:.::::::

F
D-Cd
D-Cu
D-Pb
D-Ni
D-Zo

Filtrationl Di,estion
Cadmium
Copper
Lead
Nickel
Zinc

Furnsc~AA

Furnace-AA
Furnace-AA
Furnac~AA

Furnac~AA

)0308 h 4°C P.G Immediately 5OO Comp
2oo.9 e u,JL 0.2 25 70 - 130 3~ I'll <2 HNOJ 6 months
2oo.9 e ug/L I ~5 70 - 130 35 pH <2 HNOJ 6 months
2oo.9 e u!!1L I ~5 70 - 130 35 pH <2 HNO) 6 months
2oo.9 c ug/L 2 ~5 70 - 130 35 I'll <2 HNOJ 6 months
2oo.9 c ug/L I ~5 ~o . 130 35 pH <2 HNOJ 6 months

:.-.-.--. .:..•..::...:.:,.:.::.;.:.:....•.•. .:':.....':.:':::.:::::..-:.:~: ... .: ..... ':":::::::::;:::::::::::::'~:~...::<.:::.....

day (extraclion 2000 Comp
40 day (extract)

day (extraction 2000 Grab
40 day (extract)

28 day! loo Comp

day (extraction 2000 Comp
40 day (extract)

day (extraction 2000 Comp
40 day (extract)

day (extraction 2000 Comp
40 day (extracl)

11000Approximate Volume Needed in Composite (ml)

625 (modI e nglL 0.5 30 40 - \40 40 4°C G

418.I/Si02 mglL 0.1 30 40 - 140 40 4°C 0

9060 d mfl:lL 30 40 - 135 50 °C I'll < 2 H2S0 P,O

8080 d "gIL 005 - 0.5 30 50 - 140 40 4°C 0

8140 d "gIL 005 30 50 - 140 40 4°C 0

8150 d "gIL 0.5 - 2 30 50· 140 40 4°C 0GCIECD

GCMS

IR

HPLC/MS

GCIECD

Combustion

Polynuclear aromatic
hydrocarbons

TPH

Total Or!!anic Carbon

PAll

TOC

DC-Pest Organochlorine Pell.

TPH

(a1 Methods for Chemical AnaJyti! ofWatet and Wast.. (19831 EPA-600/4-79-020
(h) Standard Methods for the Examination ofWaler and Wastewater. 18th Ed., APIIA. AWWA .WEF. 1992
Ie) Methods for the Determinalion of Metals in Environmental Samples (1991) EPAl600/4-91/01O
(dl SW 846 3rd ed. 1992. EPA Office of Solid Waste
(e) TeXAS A&M GERO Method (HLPC/OCt-IS/SIM)

Abbreviation!:
EDTA - E.thylenediamin~etic acid; Ie - Ion Chromatography; AA - Atomic: AhMl'1'tion; IIrLC - lliah r .. rormanct liquid Chromaro"",hy;
IR - infrved ~opy;OC - au Chromatography; MS - Mus SpeetrolOClpy; ECD - Electron Capture Detretion; FrD • Flamr Phorometric Detection
SIM - SelllCted Ion Monitoring; ISE ~ Ion Specific: Electrode; N/A - Not Applicahle: Camp - An"'-"'"i~hle<l Cnmrolilr Sftmpl,,: Gt1Ib • Grah Collected Durin~ Firll Hour or Sampling

OP-Pest Organophosphate Pell.

CI-Hero Chlorinated Herbicides

1121 ..._"A.,t¥!mhmWMMlm";m_~_B~'!!~~NM~~m!~!nrm':lr:¥:::'tmt::ma!Jn!l!~lr!.:mmn~~n~:~Mt'mt~~:tl:m_mmmmn;~
1l'l9~'267NA'TABLE2-2.XLS (GMR)
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QA/QC and Data Management 3-}

13.0 QA/QC AND DATA MANAGEMENT

Data quality objectives for stonnwater
monitoring have been evolving over the years as
more infonnation on the problems in the bay and
waterways become available. Currently
recommended QNQC procedures including
equipment blanking. laboratory and field quality
control samples. and data validation procedures
are presented in the BASMAA monitoring
protocols standardization project report
(BASMAA 1995). All data included in this
rep\m were collected using the recommended
field and laboratory quality control procedures.
Modified EPA data validation procedures were
usco to assign a data qualifier to data that may
fall below the data quality objectives due to
prohlems with field or laboratory procedures. In
gen~ral. only a small percentage of the sample
results were qualified as estimated. However, all
data qualified as estimated values due to known
or suspected problems with accuracy or precision
or due to suspected equipment contamination
was used to generate the summary statistics.
Rejected data was not included in the database.

3.1 DESCRIPTION OF QA/QC PROGRAM

The quality assurance/quality control (QNQC)
review process is used to evaluate the quality of
the sample collection and handling procedures as
well as overall analytical data quality and
usability. Data quality and usability may be
quantified in tenns of accuracy, precision,
potential sample contamination and
representativeness. These parameters are
evaluated by reviewing method holding times,
blanks, spike recoveries, duplicates and detection
limits.

H:\951267NA\SECT_3.wP5 (GMRl

Following are summaries of the QA/QC review
processes. Detailed descriptions of the
individual data quality reviews are located in the
annual monitoring reports.

3.1.1 Method Holding Time Review

The analytical methods used in this study have
prescribed holding times. Holding time is
defined as the maximum amount 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 prescribed holding
times due to degradation and/or volatilization of
constituents in the sample. The analytical results
of such samples analyzed outside the prescribed
method holding are generally thought to be less
accurate and used as estimated values.

3.1.2 Blank Review

Blank samples are analyzed by the analytical
laboratory in order to check for potential sample
contamination. Infonnation regarding the
potential source of accidental sample
contamination may also be gained by analyzing
a variety of blanks prepared at several points
during sample collection and analysis. The
blanks analyzed for this study included the
following:

Method Blank - a blank prepared in the
laboratory from deionized, distilled water that is
extracted and/or analyzed as a sample. Analysis
of the method blank indicates potential sources
of contamination from laboratory procedures
(e.g. contaminated reagents, improperly cleaned
laboratory equipment, or persistent contamination

1&1
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3-2 QA/QC and Data Management

due to presence of certain compounds in the
ambient laboratory air). A method blank is
analyzed at least once each day when a particular
analytical method is used.

Matrix spike recoveries are reviewed for
compliance with laboratory-established or EPA
control limits to evaluate the accuracy of the
extraction and/or analysis procedures.

Equipment Blank - deionized, distilled water that
is poured or pumped through the sampling
equipment to evaluate whether samples are
contaminated from improperly decontaminated
sampling equipment. Equipment blanks are
analyzed prior to conducting sampling at the
beginning of the season for metals and once or
twice during the season to ensure stored
equipment and sUbsampling bottles remain free
of contamination.

3.1.3 Spike Review

Less are prepared exactly like matrix spikes.
except a clean control matrix is used. Typical
control matrices are Reagent Grade Type II
water or clean sand. LCSs are used to evaluate
laboratory accuracy and precision. independent
of matrix effects.

SRM is supplied by a commercial vendor and is
certified to contain analytes within a given range
of concentrations. SRMs are analyzed along
with each batch of samples as a secondary check
of the accuracy of the analytical procedures.

Precision of analytical procedures is evaluated as
discussed below for duplicate analyses.

3.1.4 Duplicate Analyses

Analysis of duplicates provides an evaluation of
sampling and analytical precision. Laboratory
duplicates (duplicate analyses performed on two
aliquots of the same sample) measure analytical
precision. The laboratory duplicates are usually
spike/spike duplicate analyses. Field duplicates .
(two complete samples collected at the same
time and the same station in the field) reflect
both sampling and analytical precision as well as
heterogeneity of environmental samples. Field
duplicates are generally submitted to the
laboratory "blind" (under a fictitious name so
that the laboratory does not know they are
duplicates).

Matrix spikes (MS). matrix spike duplicates
(MSD), laboratory control samples (LCS),
laboratory control sample duplicates (LCSDs).
and Standard Reference Materials (SRM) are
analyzed by the analytical laboratory to evaluate
the accuracy and precision of the sample
extraction and analysis procedures and potential
matrix interference. Matrix interference is the
term used to describe the effect of the sample
matrix on the analysis, which partially or
completely masks the response of the analytical
instrumentation to the target analyte(s). Matrix
interference may have a varying impact on the
accuracy and precision of the extraction and/or
analysis procedures.

The matrix spike is prepared by adding known
quantities of target compounds to a sample. The
sample is then extracted and/or analyzed as a
typical environmental sample and the results are
reported as percent recovery. The spike recovery
is defined in equation 3-1.

% Recuvery = spike analysis result - original sample concentration x 100% (Eq. 3-1)
concentration of spike addition

k!itJ1lrtiki01&i:~:(~._mEillmtrm:::::rngm¥Vim[il]:@:rdAfillj@\iM&Elliml.
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QAIQC and Data Management 3-3

RPD= Spike Concentration - Spike Duplicate Concentration x 100% E 3-2

1. (Spike Concentration + Spike Duplicate Concentration) (q.)
2

Precision is evaluated through calculation of
relative percent differences (RPD) using equation
3-2.

Calculated RPDs are compared to laboratory­
established control limits to evaluate analytical
precision and sample heterogeneity.

3.1.5 Elevated Detection Limits

An;t!ytical equipment used for the analysis of
envirorunental samples may respond strongly to
components of the sample matrix (matrix
interf~rence). Matrix interference may cause
difficulty and unacceptable uncertainty in the
qU:Ultification of t:lrget compounds. Therefore,
in l11-: analysis of envirorunental samples it is
sometimes necessary to dilute a sample prior to
anal :'sis to minimize matrix interference or to
lower concentrations of target compounds
detected at high concentrations. However, a
dilution may also mask the presence of low level
t:lrget compounds because detection limits are
raised when the sample is diluted. A diluted
sample may contain undetected levels of target
compounds that would otherwise be detected if
the sample was not diluted. Results of analyses
of diluted samples must therefore be interpreted
with caution. Insufficient sample volume may
also elevate detection limits. The QA/QC review
identifies those samples with elevated detection
limits.

3.1.6 Representativeness

Representativeness qualitatively measures the
degree to which the data accurately and precisely
represent variations at a sampling point Specific

field sample collection and handling procedures
(as detailed in the sampling and analysis plan)
are followed to ensure data representativeness.
In addition. proper log-in. storage. preparation
and analysis procedures are followed by the
analytical laboratory to ensure representativeness.

Data quality and usability are evaluated by
reviewing the QA/QC categories as described
above, according to EPA guidelines (EPA 1994).

One measure of sample representativeness for
flow-composite samples is the percentage of the
storm event that is sampled (percent capture).
Values less than 100 percent capture indicate that
there were periods during which the sampler was
not operational. This may have been because
full sample bonles were not changed in time or
because the equipment malfunctioned. These
risks are unavoidable and considerable
professional judgement is involved in sening up
and adjusting the programming instructions to
the automatic sampler to maximize storm
coverage.

Samples which had low percent capture were not
excluded from the data analysis in this report. It
was necessary to include all data because a large
proportion of the land use specific monitoring
was conducted during the first two years of
monitoring and prior to installation of telemetry
(for remote station status monitoring). As a
result much of the land use data contained
storms with low percentage capture.

,I
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3.2 DATA REPORTING/MANAGEMENT

Data is reported in hardcopy and electronic
spreadsheet fonnat by the analytical laboratory.
The electronic data are checked against the
hardcopy report for any differences and the files'
are modified to include station identification,
event number, and data qualifiers. These
modified data files were loaded into and Oracle
database system developed at Woodward-Clyde
(Site Manager) which uses a Powerbuilder
windows interface. Once in the database the
data are queried for speci fic parameters and
stations and the output is exponed to Excel.
These master spreadsheets are used to generate
water quality comparison tables and other
statistica.l reports which are included in the
appendices. Duplicate samples reponed as
individua.! analysis are a.veraged prior to
generating event and station statistics. Non­
detect data are treated as one half the detection
limit in the statistical summaries.

H:\9S1267NA\SECT_3.WPS (OMR)
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Comparison of Pol/utant Concentrations in Waterway Stations with Water Qualiry Standards 4-1

4.0 COMPARISON OF POLLUTANT CONCENTRATIONS IN
WATERWAY STATIONS WITH WATER QUALITY
STANDARDS

rvletals concentrations are compared to existing
water quality objectives and standards to provide
an indication of the potential for runoff to cause
impainnent of aquatic habitat. Existing water
quality objectives and standards were developed
b~lsed on laboratory exposures of sensitive
species to di fferent metal concentrations in
laboratory control waters. Because the chemical
l'lll!lflOsition of lahnratory control waters are
Onel: much differellt than those encountered in
the environment. and tlle effects of these
differences are 11111 well known, tllese
comrarisons are provided as a guide ratller than
an indication of a problem.

As noted in Section 2.1 flow-weighted composite
stonnwater samples have been found to contain
a ~jgnitlcant fracti( >l1 of the total metals
associated with suspended and settleable solids.
Therefore. comparison of total metals
concentrations measured in runoff with water
quality objectives designed for effluents with
restricted amounts of solids (such as a sewage
treatment plant effluent) may not be appropriate.

Municipal stormwater programs comply with
water quality objectives "tllrough tlle timely
implementation of control measures and other
actions to reduce pollutants in the discharge in
accordance with the Stormwater Management
Plan." A water quality objective exceedance is
not a permit violation.

4.1 WATER QUALITY STANDARDS

Stormwater runoff data are compared to two
different water quality standards: Water Quality
Objectives and Water Quality Criteria. The
Basin Plan Water Quality Objectives (WQOs)
are the current regulatory objectives for the San
Francisco Bay Basin (RWQCB 1995). These
objectives are to be compared with tlle total
metal concentrations. Two different exposure
durations are included in tlle Basin Plan
Objectives: acute objectives. based on a
minimum I-hour exposure duration; and chronic
objectives. based on a minimum 4-day exposure
duration. Stormwater runoff flow durations are
variable and depend on tlle size of tlle storm
event. size of the watershed. and antecedent
conditions. Event flow durations are generally
greater than' one hour but less tllan four days.
Therefore. comparison witll these two objectives
serves to bracket the actual exposure duration.

Many stannwater runoff samples contain
settleable solids as well as suspended and
dissolved solids. Recently, in recognition of the
fact that the dissolved metal fraction is a better
representation of the bioavailable metal
concentrations. EPA adopted Interim Final Water
Quality Criteria (WQC) which are to be
compared to tlle dissolved metals fraction for
most metals (CFR Part 131). Both acute and
chronic metals criteria were adopted.

Iml
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Figure 4-2 presents the same data after excluding
watersheds with fewer than ten samples. The
data show only watersheds that are greater than
70% urbanized have sampl~s that are higher than
copper criteria and the maximum percentage of
samples higher in anyone watershed is 24% for
the chronic criteria and 7% for the acute criteria.

These observations indicate that dissolved copper
in streams is not likely a recurrent toxicity
problem for all except possibly the most highly
urbanized watersheds of the Bay Area. These
observations also indicate that drainage from
open space helps to limit the number of samples
exceeding the copper criteria by increasing the
water hardness (which raises the criteria) and
increasing the amount of suspended solids (due
to erosion) which can scavenge dissolved copper.

If a similar comparison is attempted using the
total copper WQO in the Basin Plan, the
relationship between urban development and
exceedance of the objective is much less
apparent. This is because the WQOs are based
on the total metal which includes copper derived
from hillside and bank erosion which is common
in open space.

4.3 EFFECTS OF URBANIZATION

Figure 4-1 shows the relationship between the
amount of urbanization in all watersheds and the
percentage of samples exceeding the dissolved

Table 4-1 provides a summary of the comparison
of the number of samples which had metal
concentrations higher than the acute or chronic
WQC and WQO. No samples had concentra­
tions of dissolved arsenic, cadmium, chromium.
nickel, and silver higher than the dissolved
WQC. Dissolved copper, lead and zinc rarely
exceeded the acute and chronic WQC, with only
a few samples from the most urbanized
watersheds having concentrations higher than the
criteria Total mercury consistently exceeded the
chronic WQC and WQO. However, the chronic
criteria is based on preventing fish from
accumulating levels of mercury which could be
hazardous to human health if consumed. It is
not clear that the concentrations which exist in
the waterways during storm events persist long
enough to allow accumulation in fish. It is.
recommended that water samples from dry
weather or after storm events be collected and
analyzed for low-level mercury. Alternatively,
fish tissues could be analyzed from streams to
directly determine if they pose a potential human
health hazard.

4-2 Comparison of Pollutant Concentrations in Waterway Stations with Water Quality Standards
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4.2 WATER QUALITY OF SAMPLES copper criteria It should be noted that not all
COMPARED TO WATER QUALITY watersheds were sampled with the same
STANDARDS frequency or during the same time periods.

Consequently, for some of the watersheds the
percentages are based on very few monitored
events. In watersheds with less than 40%
urbanization neither dissolved copper objective
(acute nor chronic) was exceeded. It should be
noted that the watersheds which had the highest
percentage of samples above the criteria also had
the least number of samples. It is likely if more
data were collected in these watersheds the
percentages would decrease.

Tables 4-2 and 4-3 contain the number of
samples with concentrations greater than the
objectives or criteria for each individual station.
In general, watersheds which contain a high
percentage of urban land use have more samples
with concentrations higher than the water quality
criteria than watersheds with large percentage of
open space.
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Tahle 4-1
BASI\IAA I\IONITOHINr; HESULTS

NIJl\IBER OF EXCEEDANCES OF ACUTE AND CHRONIC "ASIN PLAN WATER QIIALITY OIUECTI\'ES·

Total AU Waterways

Elposure Tlpe
Anenlc
Total

Cadmium
Tohil

Corrrr
Total

a,roml"m
Total

Lead
Totul

Mercury
Total

Nickel
Total

Selenium
Total

Sliver
Total

ZJnc
Total

ACUTE 01157
0%

:::{\{:::1W!§:ff t:fMJ¥!?? \{:\:
4% 65%

0/165
0°10

0/178

0%
0/180

0%
0/156

0%
~1:::fWgj1M¥1

53%

CHRONIC 0/157

0%
...{3I1ii76<:.\?f~~lii

17% 77%
0/165

0%
:.•••• ).J 5&1 78 •. ) .··.\\401~t> ·::.1m18:·::}:::I:t:m~@if.?r:g:

87% 98% 4% 2%
0/156

0%
l}}\@ili1~:}:tf

55%

Waler Qualily Objectives for the protection of aquatic life are based on total haTdness (Til) and aTe calculaled as:
l.o ..~...e~.:m¢;II(TH)+~), !'"0r.n EPA Federal Register 40 CFR Part 131 (d)( IO}(ii), Tuesday Dec 22, 1992 as referenced in flasin Plan
...... ..••.•.•.•.•.•.•.•.•.•••.•. Shadmg mdlcates an exceedance

f urn er ofexceedancesITotal Number of Events
• Nole: S3TRples contain suspended and settleable solids which contribute 10 lolal metals concenlralions.

NUMBER OF EXCEEDANCES OF ACUTE AND CHRONIC EPA WATER QUALITY CIUTEIUA

Total AU Waterways

Elposure Type
Anenlc

Dissolvrd
Cadmium
Dissolved

Copper
DlssolH'd

Chromium
D1ssllh'rd

Lud
D1ssolnd

Mercury
D1ssol\'t'd!

Total

Nlcki'l
D1ssolvrd

Selenium
Total

Sliver
D1ssolvrd

ZJnc
Dissolved

~:f'I'Jl{!~:fmf
5%

:~tt;f!li¥~IfIf
5%

0/139

0%

0/139

0%

0/180

0%

ttt::'-t"~M::ff~
3%

0135
0%

0!J5
0%

0/5..

0%

98%

1%

;.:t~!i~••..·....• :;:40H1•• .,\
12%

0/155 0115.. :::: ::::WSii53> .::::;:::~: 0138
0% 0% 10% 0%

01155 0115.. ?(:Z3!JSJ ;:;:::;:;: 0138
0% 0% 15% 0%

CHRONIC

ACUTE

Waler Quality Objectives for the protection of aqualic life are based on total haTdness (111) and are calculated as:

'ifi~:~i::W(~~!~~i [~~~a~~Aa:~~~:~~;~ster 40 CFR Pm 131 (d)(lO}(ii), May 4.1995

I 11m er ofexceedancesffotal Number of Events

H:"~tU7NA'WQ!mL)(u (GM1\ODIlJD) '/2'''15
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.Table 4-2
BASMAA MONITORING RESULTS: NUMBER OF EXCEEDANCES OF ACUTE AND

CHRONIC BASIN PLAN WATER QUALITY OBJECTIVES

Station
ID Nome

Arsenic
Total

Cadmium
Total

Copper Chromium Lead
Total Tolal Total

Mercury
Total

Nickel
Tolal

Selenium
Total

Sliver
Total

Zinc
Total .

ACUTE

0110 m:i:tWi~W:

0/9 :fIJmiPt
0/15 :::::}~~m:

015 ::~rm::@~r:m::

0/12 :!:f}~rt:

015 j'jt,j/jW':}i"

NS \:nr~!Wtt

NS ::}::AtM?:~

0/19 ::U?Hmgt

0/19 ::/Jil/Wi:i

0124 ::::JJji7.1?\
0127 ni:::1iliit :

0/156 :)~~i~if':'i

0/4

0/6

0/4

O/S

0/23

0114

0125

0/10

0/19

0129
0124
0/19

0/180

0/4

015

015

016

0/13

0121

0/10

0125

0/19

0/6

0/5

0/6

0/5

NO

NO

0/17 :rm'w@::;:')rj:~):'mM<;:\ 0/19

0122 tt:'~~?:'J:f:::::i:::mgt/jt 0124

':'w:"j';'rWir::r::r:
))):::P.~:}:::t(

0/6
015

0/6

0/6

0110 0110 Wt:laijjgUt: 0/9 m::t~!J~:::t:i: 0110

0/9 0/12 i:}J::(jl~}}it: 0/14 :MI:@U~:mt 018

0121 0126 ilr::::i#.~!.».:mm: 0126 l:mif#.;l:~: 0/19

015 Im::::~:j~::Wi:U:'::(::@::r:@M!.~m:l::::m: 0/4 t:]iW~:::::::~:!:' 0/4

0117 0/22 :::mrrlMfm:m:f 0120 0122 0/15

015 015 ,i/:;;::::i:MM::::t::::: 015 :ittIVft:t 015

0/19

0/19 ':'n:::\m?):::::'~n::\<l'lW:~:~:r:

0/24::t:::::i:M~nt:::it:t::t:~~U:;:':'}

CC-S I Rhccm Crcck

Al.-S4 Zone 4, line A (Cabol Avenue)

AL-S6 Zone 5, line 0

AL·S3 CaslrO Valley Creek

SC-SI C:U3b3us Creek

SC·S2 Sunnyvale E.1.~1 31 Ba~'!hore

SC-S3 GU3d.1Jupe Rivcr

AJ.,.S2 San Lorenzo Creek

AL·S5 A1:uned.1 Creek

SC·S4 Co)'ole Creek

CC-S2 Wainul Creek

Total All Waterways

CfmONlC

AL·S I Codomiccs Creek

AL·S2 S3I1 Lorenzo Creek

011 0 ir:'\!i~.ml!i::;:::r??r'J!.@r?i)' 0/9 ::}'flW.(9.:::U:}iiiii)j!.+.:{Xrr 0110 0110 0110 !i':iU:tMLr
0/9 {:::{:::::m;Krrr:WU:fX?bifrWm 0/14 U:t)AiM):::::fmr:::@¥.¥\H? 0/13 Wilr0W:::@::: 019 WtiJi!.t.tt

AL·S3 C.utro VaUey Creek

Al.·S4 Zone 4, Line A (Cabol Avenue)

0121
OIS

::::Ut:'i~)iU::U::U:t::P.~t::::wm 0126 i':f4~4.t:'/???::::::W~:U:'/? 0125
Wt:t:U:'}iiU:n:n:n:::ni::n:::::;W!.:f:{:r 0/4 :r:::::fWf,/::rrrr::rW%.m:n:t 0/4

0125
0/4

OIlS WtiM1;¢.rm
OIS ::/!i/}i+:t:U

AL·S5 Al:uned.1 Creek

Al.-S6 Zone S, Line D

0/17

OIS

CC·SI Rhecm Creek

CC·S2 Walnut Creek

SC·S I ClIbbaz:LS Creek

SC·S2 SUMyv:ue East al Bayahore

SC·S3 Guad:llupe River

SC·S4 Coyole Creek

0/6 0/6 \:{:t:Mi~J:m:::\ NO :::::::tJ¥~{{:::: NC 0/6 0/6

OIS ,::~U:;U:::::VM::::JjW:;r:mfW!W~r:mr::m NO jr:::::'::w.~{:mlM:?rilil@11 OIS OIS

0/19 :::W::fm?mWm::::mmmfmm:J#.iUjm:rm:::::Hf:mg~tjH:::tm:~:f@~f.~?i:1:::::t::\W~H:j:m::::::::::r::Wf~::;:::f: 0/19

0119 ::)ntf~WHfJJJf:::::Jij~Mt1:: 0/17 lrn1.W:::::::mJJJ::~:nJ:n::::: 0119 0119

0124 :Jrrit~tMiilMiifWJiM?M.miiti 0122 itii4~i(iri\ir:t)M!:~rrJ:lirrii)d@i}Jff 0/24

0127 rr::?;@i~Jlt;:j::m:mXfiffi.ilr@ 0124 tiJi:mt:::t:;:ntrm::i':m:@ttm:Ji4ffl:: 0129

NS ::::::f:'mt:\\
NS l::::lvbm:W

0119 :::::WMHtwr'

0119 iJJi.@@:i:::

0124 iJ),\MMtt:
0127 igJ~rJ

Waler Qu:lIily Objectives for the prolection of aqll:ltic life are bllSed on IOlJlIluu'dncas (1lI) and 3rt l:l1lculllled lIS:

li",;,~m;,~;,r~;~; :~~a~~nF:x~:~~:~ler 40 CFR Pan 131 (d)(lO)(ii), Tuesday Dec 22, 1992 lIS referenced in BlISin Plan

0/5 Number of exeecd.1ncesITol<l1 Number ofEvenUl
NO No objectives for Chromium in San Francisco Bay BlISin Region (2), Water QwWly Control P1an, December 1986110 no comparisons were made
NS NoSamplcs

lIoak5IwatqWIIIWQSUM.X1.S
llil
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Comparison of Pollutant Concentrations in' Waterway Stations with Water Quality Standards 4-5

Table 4-3
BASMAA MONITORING RESULTS: NUMBER OF EXCEEDANCES OF ACUTE AND

CHRONIC EPA WATER QUALITY CRITERIA

Silllion

In

ACUTE

Name

Anenlc

Dissolved

Cadmium

Dissolved

Copper

DiSiolved

Chromium

Diaaolvtd
Lead

Dissolved

lIIercury

DiJSolved

Nickel

DIJSolved

Selenium

Total

Silver

Dissolved

Zinc

Dissolvtd

AL·S] Codomices Creek

AL,S: San Lorenzo Creek

AL·S3 Casuo Valley Creek

AL·S~ Zone 4. Line A (Cabot Avenue)

AL·SS Alameda Creek

AL·S6 Zone S. Line D

cr·Sl Rheem Creek

CC·S: Walnut Creek

SC-S I CalabaZlS Creek

SC.S: Sunnyvale East at Bli\·~,norc

SC:S3 Gu:1dalupe R,,'<T

sc .~~ Coyote Crrt~

CHRO:-<lC

AL·~ 1 C' odomJccs Creek

AL-S: San Lorenzo Cred;

AL·S3 Casuo Valley Creek

AL·S4 Zone 4. Line A (Cabol Avenue)

AL-SS Alameda Creek

AL-S6 Zone S. Line D

ec.s] Rhccm Creek

CC-S: Walnul Creek

SC.:; 1 CalabaZ8S Creek

SC.52 SunnyYlllc East at Bayshore

SC-53 Guadalupe R,ver

SC-S4 Coyote Creek

0/10

019

0115

0/4

0112

0/5

NS

NS

0119

0119

0119

01:7

01155

Ancnic
Dissolvtd

0110

019

0115

0/4

01\2

0/5

NS

NS

0119

0119

0119

om

0110

0112

0125

0/4

0121

0/5

0/6

015

Oll~

Oil~

0119

0/23

01154

Cadmium

DiSloh'ed

0110

011:

0125

0/4

0121

0/5

0/6

O/S

0114

0/14

0119

0123

0110

01\3

0121

0/5

0/14

0120

...............................

Copp..

DISlolvtd

0/\3

012\

015

0121

0/5

0/4

016

014

0/6

015

NS

NS

0.':

0/:

011

013

0/38

Chromium

Dinoh-'td

015

0/4

0/6

0/4

016

0/5

NS

NS

012

012

011

0/3

0110

0113

0124

0/4

0121

015

016

015

1114

0114

0119

012\

Lead
Dinolv,d

012\

015

OIS

0/5

015

on

014

016

015

NS

NS

0/5

0'6

015

016

0/54

Mtrcury

TOlal

...

NC

0/5

014

0/5

0/4

0/5

015'

NS

NS

0"

011

012

0/35

Nickel

Diaaolvtd

015

014

015

0/4

0/5

015

NS

NS

012

012

011

012

0110

0/14

0125

0/4

0122

0/5

0/6

0/5

0119

0119

012~

0127

0/180

Stlenium

Tobl

0110

0125

0/4

016

OIS

0120

0/19

0124

0127

0110

019

0115

0/4

0112

0/5

NS

NS

0119

0119

0119

0/139

Slh'e.
DiSlol ...d

0110

0/9

011 5

0/4

0112

0/5

0/6

0/5

0114

0114

0119

om

0110

0113

0121

015

0/5

0114

0119

Zine
Diasoh'ed

0110

0/\3

012\

0/5

O/S

0/19

0121

Water Quality ObJectlyes ror the protection or aquatiC I,re are based on lotal hardness (TH) and arc calculated as:

e"oIA·In(TH}+B). from EPA Federal Register 40 ern Pan 131 (d)(IOXii). May 4. 1995
i /i ,,:,:;::::::::::1 Shading indi"les an cxccedancc

0/5 Number or exceedancesITolaJ NumbcrorEvents
.ample::

0135 01139

lIoakSlwalqu.lIWQSUM.xLS M062596IS44



4-6 Comparison of Pol/utant Concentrations in WatelWay Stations with Water Quality Standards

Figure 4-1
PERCENTAGE OF SAMPLES HIGHER THAN DISSOVLED COPPER

CRITERIA VERSUS PERCENTAGE OF URBAN LAND USE IN WATERSHED
(all watersheds) .
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Comparison of Pollutant Concentrations in Waterway Stations with Water Quality Standards 4-7
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Figure 4-2
PERCENTAGE OF SAMPLES HIGHER THAN DISSOLVED COPPER CRITERIA

VERSUS PERCENTAGE OF URBAN LAND USE IN WATERSHED
(watersheds with greater than 10 monitored events)
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Comparison of Pollutant Concentrations and Loads from Various Land Uses 5-1

"':.~

5.0 COMPARISON OF POLLUTANT CONCENTRATIONS AND
LOADS FROM VARIOUS LAND USES

5.1 THE DATA
where:

C/u = L (rj x j CJ (Eq.5-1)

TIle data contained in the database were used to
estimate land use specific concentrations of
copper, lead, zinc, nickel, cadmium, chromium
and total suspended solids in urban runoff. The
estimates were made using multiple linear
regressions to "disaggregate" the measured
concentrations into their component parts
(assumed to be the land use specific
cOI1L'cntrations). An important assumption in this
analysis is that the contaminant concentrations
measured at each land use station are strongly
influenced by the fraction of each land use
category found in the station's drainage. If other
factors (such as meteorology or non-land use
specific activities) are the dominant factors in
determining the concentrations in runoff then this
analysis will not produce significant results.

Thc concentration data were divided into two
groups, data collected from land use stations and
data collected from stream stations. Except for
the open space stations, the land use stations
drain predominately urbanized areas and are
located in hard storm drains, Le., concrete or
metal storm drains and channels. The stream
stations were located in natural stream channels.
The stream stations were not used in the analysis
for two reasons: 1) stream bank and bed erosion
contribute an unknown amount of metals to the
measured concentration, and 2) these stations are
predominately (over 90%) open space and
residential so they do not provide enough
variability to disaggregate the other land uses.

The measured concentrations at the land use
stations were assumed to be equal to:

lI:\9SI267NA'SECT_S.WPS (GMR)

C1u = Measured concentration at land use
station

L = Summation over all land uses
rj = Runoff coefficient for land use

category i
xj = Fraction of land use category i in

watershed
Cj = Concentration of contaminant

contributed by land use i
= Represents land use categories

contained in database

In other words, the measured concentration is the
weighted average concentration contributed by
each land use category where each category is
weighted by the fraction of area it occupies in
the drainage area and by the amount of runoff it
contributes (represented by a runoff coefficient).
Cj is unknown in equation 5-1. Table 5-1 shows
the runoff coefficients used in the analysis.
TIlese coefficients were derived from standard
hydrology reference handbooks (Maidment,
Handbook of Hydrology) using professional
judgment to assign a single annual average
coefficient to those given for 5- to lO-year
events.

Iml
MI003961738



5-2 Comparison of Pollutant Concentrations and Loads from Various Land Uses
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Table 5-1
RUNOFF COEFFICIENTS FOR DIFFERENT

LAND USE CATEGORIES

Land Use Runoff Coefficient

averages are different. then there is some factor
associated with the stations that causes it to have
a different concentration than other stations. We
assume that this factor is the land use categories
identified in the database.

Depending upon the contaminant, there are about
350-360 individual station events (a station event
is onc stann event at one station) in the database
for land use stations. therefore. equation 5-1 will
produce 350-360 equations for each constituent
If land use was the only factor affecting
concentration then each stonn event would
produce the same concentration at a given
station. Therefore. the variability observed at
each station provides an indication of the
variability in concentration due to factors other
than land use. To reduce the effect of this
variability on the analysis. all the concentration
data collected at each station was averaged for
each station. If the land use categories identified
in the database are not significant indicators of
concentration and there is not another station­
specific factor (such as a different set of land use
categories) that are significant indicators of
concentration. then the station average
concentrations would be the same. If the

Open/Open Forest
Light Industrial
Heavy Industrial

Commercial
Residential

Transportation

0.10
0.70
0.90
0.90
0.35
0.95

5.2 PURPOSE OF ANALYSIS

The purpose of this analysis was to generate a
table showing the unit loads by land use (Table
5-2) with which BASMAA's member-agencies
could easily calculate pollutant loads for specific
watersheds. To generate this table. land use­
specific concentrations for each metal :9(¥t¢. was
calculated using a linear regression. The
concentration results (discussed below) were
used to calculate the loads per unit acre per inch
of rainfall. The runoff coefficients shown in
Table 5-1 were then used to convert rainfall to
runoff.

5.3 RESULTS OF LAND USE-SPECIFIC
METAL CONCENTRATIONS

Tables 5-3 through 5-9 present the results of the
linear regression for each constituent analyzed.
Each table is each divided into two tiers. The
top tier presents statistics for each metal. The R2

value is the fraction of the variability in the data
that are explained by the relationship. For
example an R2 value of 0.43 for copper means
that 43% of the data variability are explained by
the relationship to land use.

Table 5-2
UNIT LOADS BY LAND USE

NA

18.0
32.0
20.0
06.8
NA

TSS

llil
M092596 1052

0.0054
0.0083
0.0069
0.0028
0.018

0.00027
0.00062
0.00039
0.00013
0.00063

0.0036
0.0046
0.0046
0.0018
0.0053

Load Per Acre Per Inch of Rainfall (Ibs/acrelin)
Lead Zinc Chromium Cadmium Nickel

0.00016 0.0102 0.00029 0.0000098 0.00034
Copper

.00025

_jrm%lJmitJ:'lMiJ~§§J:l~;@m~m@kl.m2f5'TItq@iKJr~f.Ft~:WM~
H:\951267NA\SECT_5'wP5 (GMR) .

Land Use

NA - open space and transportation are site specific.

~

Open/Open
Forest
Light Industry 0.0071 0.023 0.0566
Heavy Industry 0.0091 0.020 0.075
Commercial 0.0091 0.011 0.038
Residential 0.0036 0.012 0.031
Transportation 0.011 0.032 0.066



Comparison of Pollutant Concentrations and Loads from Various Land Uses 5-3

Table 5-3
LAND USE SPECIFIC CONCENTRATIONS OF COPPER

Statistics
R2

F Value
Significance of F

Land Use

Open/Open Forest
Light Industrial
Heavy Industrial
R.:sidenti:::
Commerc::::
Transport:uion
Urban
NS - not s::;nificant

0.43
LSI
<80%

Concentration
(ugIL)

NS
NS
NS
NS
NS
NS

46.6

P-Value Value from
Alameda Loads

Assessment
(ug/L)

3.4
44
44
31
31
31

Value from Santa
Clara Loads
Assessment

(ug/L)
9.0

52.9
52.9
50.5
50.5
NA

Statistics
R2

No. of Observations
F Value
Significance of F

Table 5-4
LAND USE SPECIFIC CONCENTRATIONS OF LEAD

0.65
19
4.02
>95%

Land Use

Open/Open Forest
Light Industrial
Hl:avy Industrial
Residential
Commercial
Transportation
Urban

Concentration
(ugIL)

143
96.8
51.7
151
137
108

P-Value

not significant
>99%
>99%
>90%
>99%
>99%

Value from
Alameda Loads

Assessment
(ugIL)

3.5
77
77
73
73
73

Value from Santa
Clara Loads
Assessment

(ug/L)
4.0

133.5
133.5
60.8
60.8
NA

H:\951267NA'SECT_5.WP5 (GMRl M0626961530



5-4 Comparison of Pollutant Concentrations and Loads from Various Land Uses
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Table 5-5
LAND USE SPECIFIC CONCENTRATIONS OF ZINC

(Stations AL-L2 and AL-L3 in Alameda and Station SC-L2 in Santa Clara not included)

Statistics
R2

No. of Observations
F Value
Significance of F

Land Use

OpenJOpen Forest
Light Industrial
Heavy Industrial
Residential
Commercial
Transportation

0.89
18
13.4
99%

Concentration
(ugIL)

315
345

1109
245

P-Value

not significant
>99%
>99%

not significant
>99%
99%

Value from
Alameda Loads

Assessment
(ug/L)

34
367
367
246
246
246

Value from Santa
Clara Loads
Assessment

(ug/L)

10
1471
1471
251
251
NA

Table 5-5b
LAND USE SPECIFIC CONCENTRATIONS OF ZINC

(Stations AL-L2 and AL-L3 in Alameda and Station SC-L2 in Santa
Clara and high value at Cotter Wav in Alameda not included)

Statistics
R2

No. of Observations
F Value
Significance of F

Land Use

Open/Open Forest
Light Industrial
Heavy Industrial
Residential
Commercial
Transportation
Urban

0.66
16
3.20
>90%

Concentration
(ug/L)

358
371
188
397
279
284

P-Value

not significant
>99%
>99%
>95%
>99%
99%.

Q~lgl
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Comparison of Pollutant Concentrations and Loads from Various Land Uses 5-5

Table 5-6
LAND USE SPECIFIC CONCENTRATIONS OF CHROMIUM

St:nistics
R2

No. of Observations
F Value
Significance ofF

Land Use

Open/Open Forest
Light Industrial
H-:a\-:-' Industrial
R.:siJential
Commerdal
Tr.msportauon
Urban

0.31
21
1.13
not significant

Concentration
(ugIL)

12.6
21.1
24.9
24,2
NS
35.4
22.5

P-Value

>90%
99%
99%
99%

not significant
99%

Value from
Alameda Loads

Assessment
(ugIL)

1.8
20
20
14
14
14

Value from Santa
Clara Loads
Assessment

(ugIL)

10
39.1
39.1
21.1
21.1
NA

Statistics
R:
No. of Observations
F Value
Signific::mce ofF

Table 5-7
LAND USE SPECIFIC CONCENTRAnONS OF CADMIUM

0.52
20
2.49
>90%

Land Use

Open/Open Forest
Light Industrial
Heavy Industrial'
Residential
Commercial
Transportation
Urban

Concentration
(ugIL)

1.72
3.07
1.66

2.66
1.94

P-Value

not significant
99%

>99%
99%

not significant
99%

Value from
Alameda Loads

Assessment
(ugIL)

0.15
1.4
1.4

0.85
0.85
0.85

Value from
Santa Clara

Loads
Assessment

(ugIL)

0.6
5.9
5.9
1.7
1.7
NA

1&1
H:\951267NA'SECT_S.wP5 (GMR) M0626961S30



5-6 Comparison of Pollutant Concentrations and Loads from Various Land Uses
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Table 5-8
LAND USE SPECIFIC CONCENTRATIONS OF NICKEL

Statistics
R~

No. of Observations
FValue
Significance ofF

Land Use

Open/Open Forest
Light Industrial
Heavy Industrial
Residential
Commercial
Transportation
Urban

0.45
20
1.94
85%

Concentration
(ug/L)

40.8
35.5

77.3
34.1

P-Value

not significant
not significant

>95%
>95%

not significant
99%

Value from
Alameda Loads

Assessment
(ug/L)

0.65
13
13
20
20
20

Value from
"Santa Clara

Loads
Assessment

(ugIL)

18.4
54
54

40.9
40.9
NA

H:\9SI267NA\SECT_S.wPS (GMR)
Iml
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Comparison of Po/Jutant Concentrations and Loads from Various Land Uses 5-7

Table 5-9
LAND USE SPECIFIC CONCENTRATIONS OF TOTAL SUSPENDED SOLIDS

(0 en s ace and trans ortation only stations not included)

Statistics
R~

No. of Observations
F Value
Significance of F

Land Use

0.55
16
2.66
85%

Concentration
(mgIL)

P-Value Value from
Alameda Loads

Assessment
(mgIL)

Value from
Santa Clara

Loads
Assessment

(mg/L)

OpL.:n/Open Forest variable2 III
Light Industrial 113 99% 114
Heavy Industrial 157 99%% 114
Residential 85.9 99% 192
Commercial 97.5 >95% 192
Transportation variable2 192

85
152
152
76
76

NA
1. Strawberry Creek not included in the data set used for the Alameda County loads assessment
2. TSS from open space was highly variable probably due to differences in the amount of erosion occurring in the drainage.
Two transportation stations were analyzed. One included a detention facility as a part of the freeway design the other did
not. Both were very different from each other.

11;\')S1267NA\sECT_s.wps (GMRl
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5-8 Comparison of Pollutant Concentrations and Loads from Various Land Uses

The F Value and Significance of F indicate the
degree of confidence that the relationship is
significant and not due to chance alone. A
confidence level greater than 90% is generally
indicative of a significant relationship.
Confidence levels less than 80% indicate the data
are not very well described by the relationship.

The lower tier shows a concentration and a
significance value for each land use category.
along with values used in the Alameda and Santa
Clara loads assessments studies (WCC 1991a,
1991b). (Note. that in the Alameda study a
similar method was used to estimate the land
use-specific concentrations.) For constituents
where the concentration estimates had low
confidence « 80%). no land use specific
concentration estimate is given. Rather. a
concentration· value is recommended based on
station average concentrations.

Following is a discussion of results for each
metal which was analyzed. The concentrations
of metals from open space could not be
estimated for any of the constituents analyzed
due to high variability between the different open
space stations.

5.3.1 Copper

The results for copper (Table 5-3) suggest that
land use· is not a significant factor in determining
the concentration in stormwater runoff. The
same conclusion was found in the Santa Clara
Loads Assessment Based on station average
concentrations. a value of 45 ug/L for urban
areas and 11 ug/L for open space is
recommended.

5.3.2 Lead

Table 5-4 lists the results for lead. A value of
7.0 ug/L based on station averages for the three
open space stations is recommended. Also.
because of the large standard error on the mean
values of the coefficients. the concentrations for
each land use are not significantly different from
each other.

5.3.3 Zinc

Table 5-5 presents the results of the zinc
analysis. Zinc data is the most variable data
with most of the variability due to a few very
high concentrations measured at a few stations.
Zinc concentrations measured at the 24th and
Wood station in Oakland (AL-L3) (and the
downstream station. Ettie Street AL-L2) and the
Walsh Avenue Station in Santa Clara (SC-L2)
were significantly higher than concentrations
measured at other stations. If they were included
in the analysis the significance of the results is
greatly reduced because of the large increase in
variability introduced by these stations. therefore
they were excluded. Residential and open space
had much lower concentrations than the other
land uses. Light and heavy industry and
transponation were not significantly different
from each other. Commercial was significantly
higher. If the single value of 4600 ug/L
measured for one storm at Cotter Way (33%
residential. 67% commercial) is. removed form
the analysis. the predicted values are those
shown in Table 5-5b. It is recommended that
these values be used. In this case the
concentrations for each land use are not
significantly different from each other.

••i%lwt..t.~~_~"f••$IDj
H:\9SI267NA\SECT_S.WPS (GMR)
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Comparison of Pollutant Concentrations and Loads from Various Land Uses 5-9

5.3.4 Chromium

Chromium results are shown in Table 5-6. The
F value for the regression indicates that the
regression does not explain any of the variability
observed in the data with any significant
confidence. This suggests that for chromium.
land use is not a significant factor in determining
the concentration in stormwater runoff. Based
on station average concentrations. a value of 22
ug/L for urban areas and 13 ug/L for open space
is recommended.

5.3.5 Cadmium

T:!i' i~ 5-7 lists the results for cadmium. The
results for commercial land use were nor
significant. We recommend a value of 0.43 ug/L
for llpen space based on station averages for the
three open space stations and 1.94 ug/L for
commercial based on the average for the
remJinder of the stations. Because of the large
stanJard error on the mean values of the
coefficients. the concentrations for each land use
arc not significantly different from each other.

5.3.6 Nickel

Table 5-8 lists the results for nickel. The results
were not significant for light industrial and
commercial land uses. A value of 15 ug/L for
open space based on station averages for the
three open space stations and 34 ug/L for
commercial based on the average for the
remainder of the stations is recommended.
Because of the large standard error on the mean
values of the coefficients. the concentrations for
each land use are not significantly different from
each other.

5.3.7 Total Suspended Solids (TSS)

Table 5-9 presents the results for TSS. The data
from the open space and transportation only
stations were highly variable so were not
included in the analysis. For example.
Strawberry Creek had an average TSS
concentration of 478 mg/L and Dry Creek had an
average of 13.4 mg/L. These result were
consistent between storm events. For open space
the TSS value may be influenced by the amount
of erosion (which is a function of soil type.
slope. ground cover. etc.) so there may not be a
typical value. The two transportation stations
were also quite different from each other with 1­
280 having a concentration only one-third as
large as the Montague Expressway (126 vs. 389
mg/L. respectively). This was consistent
between storm events. It should be noted the 1­
280 station was sampled at the outlet of a
detention basin built into the highway design.
These data suggest that different highway
designs may exhibit different runoff
characteristics.

1l:\!lSl267NA'SECT_S.wPS (GMR) M092S9610S2



Summary of Existing Toxicity Monitoring 6-1

6.0 SUMMARY OF EXISTING TOXICITY MONITORING
(FREQUENCY, TYPE, AND CAUSE OF TOXICITY)

Toxicity monitoring was initiated in 1989 by the
Santa Clara Valley Non-Point Source Pollution
Control Program and in 1990 by the Alameda
Countywide Clean Water Program, as stipulated
by the San Francisco Bay Regional Water
Quality Control Board. The Contra Costa Clean
\Vater Program started toxicity monitoring in
1994. By the end of 1995. more than 190
srormwater samples had been tested for toxicity.
This section delineates the approach used in
toxicity monitoring. describes the methods used,
pres.:nts the results. draws conclusions. and
examines the implications of the findings.

6.1 APPROACH

Toxicity testing is the most cost-effective tool
available for assessment of the potential impact
of complex mixtures of unknown pollutants, such
as urban runoff, on receiving waters. Rather
than analyzing a sample for a host of compounds
known to be toxic to aquatic life, this approach
utilizes laboratory test species to determine if the
sample is toxic. If toxicity is detected. toxicity
identification evaluations (TIE) may be
performed to identify the substance(s) causing
toxicity, which can be subsequently quantified by
various chemical methods. Toxicity testing can
provide information both on short term impact
(lethal effects) as measured in the "acute"
toxicity test design, and on long term impacts
(lethal and sublethal effects) when the "chronic"
toxicity test design is used.

Various test organisms have been successfully
used for toxicity testing. For freshwater samples
such as urban runoff, EPA provides detailed
guidance for chronic tests using the water flea

Ceriodaphnia dubia. the fish Fathead miIU10w
(Pimephales promelas), the unicellular green
algae Selenastrum capricornutum, and other
species. The user may first characterize the
watershed runoff toxicity to all three species,
then if toxicity is recurrent, the user may select
the most responsive species for further studies.
These may include comparative assessments of
toxicity intensity during a storm event (at
different points in the hydrograph) or along
different reaches in the watershed (to track the
source), TIE to identify the toxicant(s) so that
source controls may be applied, assessment of
effectiveness of treatment facilities and Btv1Ps.
long-term monitoring. etc.

6.2 METHODS

Urban runoff samples were tested for toxicity
according to the EPA protocol (EPA/600/4­
89/001). using the water fiea Ceriodaphnia
dubia. the fish Fathead miIU10w (PimephaJes
promelas), and the unicellular green algae
(Selenasrrum capricornutum). This protocol was
developed for testing point-source discharges for
which the effluent is diluted considerably in the
receiving waters. Essentially, laboratory test
organisms are placed in small containers of
sample liquids and their response is monitored
over time and compared to the response of
organisms placed in non-toxic solutions
("control" water). To determine the intensity of
the toxicity, the sample is diluted (in non-toxic
water) to several known concentrations before
the test. and test organisms are added to each
concentration. After a set period of time (e.g.•
48 hours) the number of dead organisms is
recorded for each concentration. and the

1[51
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concentration that caused mortality of 50% of the
organisms (the median lethal concentration, or
LC50) is calculated from the data. For effluent
samples, LC50 values are expressed as "percent
sample;" a lower percentage means that the
sample is more toxic. "Acute" toxicity tests are
usually 48 or 96 hours long, while "chronic"
tests are proportional to the life-span of the test
organism and may last between 4 and 28 days.
In chronic tests the test solutions are renewed
periodically, with the exception of the algal tests.
In the water flea chronic test, single females are
placed in individual test chambers and the
number of offspring produced is recorded each
day on days 3-7 of the test. In the fish test, 10
young fish share a test chamber, and the dry
weight of the survivors is determined at the end
of the test (after an exposure of 7 days). Cell
density (cells/ml), as counted under the
microscope after an exposure of 4 days is the
endpoint measured in the algae test In the EPA
protocol. the intensity of "sublethal toxicity", Le.
impaired growth or reproduction. is measured by
the significant effective concentration, or EC50,
and is also expressed as "percent sample."

For the purpose of toxicity characterization, the
Regional Board deemed it sufficient to expose
test organisms to the original sample at 100%
concentration without a dilution series. This
mode, used with a chronic test design, is called
"screening mode" and costs about one fifth of a
full test with dilution series. The data obtained
in this mode Ca.ru1ot provide a measure of
toxicity in LCSO or ECSO values, however, for
many toxic stormwater samples the duration of
exposure to a 100% concentration of a sample
that causes mortality, namely the median time to
lethality, or LT50, is a valid measure of the
intensity of toxicity. The LT50 is easily derived
from observation records collected during the

, test, and may be expressed in "hours" or "days"

of exposure. Here too, shorter LT50 values
mean higher intenSity of toxicity.

Another result parameter that was found useful
in the characterization of toxicity is related to
reproduction assessment in the C. dubia test The
EPA protocol calls for calculation of the total
number of offspring per female (TOF) at the end
of the test, if no significant mortality was
observed. In the analysis of stormwater toxicity
results, the number of offspring per female per
reproductive day (OFRO) was calculated to
allow separation of mortality effects from
reproductive effects in C. dubia. In this
approach, the OFRD of females that succumbed
to the toxic substance on day 5 or day 6 of the
test (but had offspring before they died) was
compared to the control OFRO for the same test
day. These comparisons helped to characterize
two distinct types of stormwater samples: those
that did not inhibit reproduction (even if they
were toxic enough to cause mortality), and those
that impaired reproduction.

There are no clear EPA instructions on how
stormwater toxicity data is to be reported. Early
reporting formats required toxicological expertise
to validate and interpret the test results. With
the objectives of organizing the data in an
accessible database structure and providing easy
access to toxicity' monitoring results, the
'Alameda and Santa Clara programs supported the
creation of data management tools specifically
tailored for stormwater toxicity monitoring.
These tools include three database tables, one for
results of C. dubia toxicity tests (CERlO), a
second table for results of toxicity tests with fish
(P. promelas) and algae (S. capricornutum)
(FIALG), and a third table for environmental
monitoring data obtained during testing of all
three species (ENVWQ). The tables are
compatible among themselves and with all other
database tables of the stormwater monitoring

I-I
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programs. All database tables may be queried
together in a relational database platform, to
detect correlations between toxicity and other
factors. The two toxicity database tables include
all relevant toxicity endpoints, results of
statistical testing, codes for irregularities, and test
qualifiers (e.g., perfonnance of control organisms
and results of corresponding reference toxicant
tests). The regional database tables (R2-CERJO,
R2-FIALG, and R2-ENVWQ) are attached in
Appendix F. Other tools were developed for C.
dubia test results as recommended in the
Monitoring Protocol Standardization Project
(BASMAA 1995) to meet the following goals:

• \Iaintain records in electronic formats:
Three spreadsheets were developed for data
entry by the·· laboratory. The data
management spreadsheet (DMS) holds the raw
monality and reproduction data and calculates
the total dead. the total offspring per female
(TOF) and the OFRO values. The
environmental monitoring spreadsheet (ENV)
summarizes water chemistry and temperature
Jata. The test summary table (TST) shows
the values of all relevant parameters and the
results of statistical comparisons in a clear
fonnat These three spreadsheets are
delivered by the laboratory under descriptive
file names for each storm event

• Provide linkage between laboratory reports
and toxicity database: Both the TST and the
ENV spreadsheets (above) are structured
identically to the corresponding database table
and can be imported directly into the
database.

• Formalize data validation and QAlQC: A
checklist has been developed to facilitate the
data validation process. The checklist assures
attention to sample holding time, custody
documents. water Chemistry, test qualifiers.

etc. A document listing and explaining the
elements of quality assurance in stormwater
toxicity testing and the criteria for
acceptability of toxicity tests for the various
test organisms has been developed.

• Provide guidance for the laboratory: An
assembly of data management tools and
guidance for processing and reporting results
of chronic toxicity tests with C. dubia, as
performed with stonnwater samples in the
screening mode. was prepared. The package
includes three spreadsheet templates, the
probit program, detailed instructions for use of
the templates and program, and a
comprehensive guidance document for the
processing and reporting of stonnwater
toxicity data. This package is used by the
toxicity laboratory performing the long-tenn
toxicity testing in stream stations in the San
Francisco Bay Area.

6.3 RESULTS

6.3.1 Species Response

The results of three species toxicity testing are
summarized in Figure 6-1. Each triad in the
figure represents one composite stormwater
sample collected at the station and during the
storm event indicated. When all the data were
evaluated, it became apparent that some sample
results could not be easily interpreted. The test
organisms exposed to these samples had survived
and exhibited healthy growth or reproduction,
but the values were found significantly lower
than the control. The results of the fish tests
with these samples, shown in Figure 6-1 as a
blank square with a dot. indicate that the sample
value was above 70% of control and the actual
weight values were higher than the test
validation criteria (0.25 mg/larvae for
Pimepha/es prome/as). A similar criterion was
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Figure 6-1
TOXICITY OF STORM WATER RUNOFF SAMPLES

LAND USE SPECIES Legend

o No Effect
OPEN Algae DO DO DOD ~ Repro/Growth

Fish DO DD DOI3 II Mortality
Ceriodaphnia DO DD DOD

AL-L1 AL-L8 SC-L7
7 9 10 11 567

STREAM Algae DODD DO ~DO DOD 0 O~D 0 DOD DOD
Fish [3DI3[3~13 [3[3~ 0[30 0 DOD 0 ~O~ OO~
Cerlodaphnla 1100000 1111111 1111111 II 1111111 III 111111 III".AL-S1 AL-S2 AL-S3 AL-S4 AL-S5 AL-S6 SC-S1 SC-S2

7 9 12 13 14 15 5 7 14 5 13 14 5 5 13 14 5 567 567

INDUSTRY Algae 11111111111 ~~ 0 IWJ~ IWJII 1If!J)j
Fish 1111111111 DO [3 . IWJ~ 1111 1If!J)j
Ceriodaphnia 1111111111 1111 0 11111 ~1lII 1111

AL-L3 AL-L6 AL-L9 AL-L10 SC-L1 SC-L2
9 11 12 14 15 7 9 9 7 9 5 6 5 7

OTHER Algae IWj OIWj 0 0 0 . ~1Wj~ IWj IWJO 0
Fish II 1111 0 ~ 0 [3D~ ~ (3~ [3
Ceriodaphnia II ~III II III II 111111 II II~ II

AL-L2 AL-L4 AL-L7 SL-L3 SL-L4 SL-L5 SL-L6 SC-T1 SC-T2
11 7 9 10 7 5 567 7 2728 27

RESIDENTIAL / RESIDENTIAL TRANSPORTATION
COMMERCIAL

Each triad represents one composite storm water sample collected at the station indicated during the storm event (number) indicated below.
Algae (Selenastrum capricomutum) "mortality" was designated for samples in which the final cell density was lower than the inoculum density.
• Although statistically different from control. growth in the sample was above 70% of control and the actual weight values were higher

than the test validation criteria (0.25 mgllarvae).
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used for Ceriodaphnia dubia test results, Le.
sample reproduction value was above 70% of
control and the acrual reproduction values were
higher than the test validation criteria (15
offspring/female). These are preliminary criteria
suggested for the purpose of this presentation
(Figures 6-1 and 6-2), because there are no
criteria for distinguishing between statistically­
significant differences and ecologically­
significant difference. The relevance of
statistically-significant differences in test results
to potential ecological impacts is currently being
reviewed by EPA and statistically-based criteria
are under development Another preliminary
distinction suggests the concept of algae (S.
capr:cornurunz) "mortality"; ulis category was
desi:;nated for samples in which the final cell
deIl"ity was lower than ule inoculum density.

The pattern of species response (Figure 6-1)
indicates that·c. dubia is the most responsive
species. The open space samples were non-toxic
to all Ulree species. In general. the most
consistent toxic effects were associated with the
industrial stations.

6.3.2 Land Use Response

The results of chronic C. dubia toxicity tests are
presented in Figure 6-2 arranged by toxicity
intensity category. The legend lists the
categories in ascending order of toxicity and
explains the range of each category. Samples
were assigned to one of four groups based on the
LT50 calculated: extremely toxic (F, mortality
within less than 24 hours), highly toxic (E, 1-4
days), moderately toxic (C and D. 4-7 days), or
non-toxic (A, more than 7 days). Impaired
reproduction was assessed for all samples that
did not cause mortality within 4-5 days. using
the average number of offspring per female per
reproductive day as compared to the control
OFRD. Moderately toxic samples were assigned

to category C if reproduction was not impaired
and to category D if reproduction was impaired.
Samples which did not kill the organisms but
impaired reproduction were defined as non-lethal
(category B), and samples that did not have any
measurable deleterious effect to C. dubia were
declared non-toxic (category A). Generally, the
term "acute toxicity" for C. dubia refers to toxic
effects delineated in categories E and F
(mortality within four days), while the term
"chronic toxicity" refers to siruations encountered
in categories B, C, and D.

Samples from various land use stations revealed
distinctly different distribution among toxicity
categories (Figure 6-2). The majority (66%) of
the industry station samples were extremely toxic
(category F) while 91 % of them exhibited acute
toxicity. Acute toxicity was found in 85% of the
residential and commercial samples. The
majority (72%) of the stream stations samples
collected were lethal to C. dubia (categories C,
D. E. and F), but only 10% were extremely
toxic. It is important to emphasize that the
majority of moderately toxic and non-lethal
samples from residential, commercial, and mixed
land use catchments did not inhibit reproduction
of C. dubia. On the other hand. most of the
transportation stations samples that were
categorized either as moderately toxic (category
D) or non-lethal (category B) inhibited
reproduction. Thus. stormwater toxicity may be
manifested in two distinct effects. lethality and
reproductive impairment. The results suggest
that the stream samples may have contained
primarily toxicants which are lethal to the
organisms but do not affect their capability to
reproduce. while runoff from transportation
corridors may frequently contain substances
which specifically inhibit reproduction but do not
cause death.
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Figure 6-2
CATEGORIES OF CERIODAPHNIA DUBIA TOXICITY OBSERVED AT DIFFERENT

LAND USE STATIONS IN THE SAN FRANCISCO BAY AREA (1989-1995)

· .· .· .· .· .· .· .· .· .· .· .· .· .· .· .· .· .· .· .· .· .· .· .· .· .· .· .· .· .· .· .· .· .· .· .· .· .· .· .· .· .

· ...... . . . .· ...... . . . .· ......

...... . . . . .. . . . .. . . . . .
. . . . .. . . . .

20

o

aD

100

C/)
wa: 60
:E«en
u.
o
~w
U 40a:
LU
Cl.

No. of - 32
Samples

.Industry
Stations

14

Residential and
Commercial

Stations

125

Stream
Stations

13

Transportation
Corridors
Stations

CATEGORY

A D Non Toxic 0 ~
MOderate~ Toxic (4-7 days). . Impaired eproduction

D Non-Lethal E~B ...
Impaired Reproduction Highly Toxic (1-4 days)

C rzJ Moderately Toxic (4-7 days) F ~, Extremely Toxic « 24 hrs)

951267NA-3000l052196/gos

H:\9S1267NA\SECT_6,WPS (GMR)

I~I
M062596160S



Summary of Existing Toxiciry Monitoring 6-7

Due to variability in toxicity results it is difficult
to see a long-tenn trend, however, toxicity was
detected in autumn and spring stonns more often
and at higher intensity than during mid-winter
stonns.

6.3.3 Cause of Toxicity

TIE testing in industrial stations showed that
dissolved metals accounted for a substantial
ponion of the toxicity observed, while in stream
and transponation stations the major causes of
toxicity were non-polar orgnnics (e.g., pesticides
and/or hydrocarbons), or metallo-organic
complexes. Diazinon was identified as the major
cau:;e of runoff toxicity in the Castro Val1ey
Crc~k watershed (Hansen 1994) and in the
Crandal1 Creek watershed (WCC 1994b). The
relationship between diazinon concentrations and
the intensity of toxicity, studied in laboratory
tests with C. dubia, showed that high
concentrations of diazinon kill the test organism
faster than lower concentrations. Moreover, the
median time to lethality (LT50) was related to
diu.inon concentrations in a linear way, at least
for the LT50 range of 24-120 hours (WCC
1994b, 1996). Results of the three species
toxicity tests also suppon the finding that
diazinon is the major cause of toxicity in streams
as it is known that P. promelas and S.
capricornurum are less sensitive to diazinon than
C. dubia.

6.4 CONCLUSIONS AND IMPLICATIONS

The EPA protocol was developed for testing the
chronic toxicity of point-source discharges for
which the effluent is diluted considerably in the
receiving waters; however, urban runoff that
flows in a stream during a stann event, is itself
the receiving water. The infonnation derived
from sample dilutions is not necessarily relevant
for the prediction of toxic effects. Therefore, the

use of a screening mode in which only full
strength sample is used to detennine toxicity is
appropriate. On the other hand, stormwater
.flows are transient by nature, so the exposure
duration required to detect measurable toxic
effects is relevant and theoretically predictive.
The median time to lethality, or LT50, in the full
strength is easily determined from the
observation records collected during the test.
The LT50 value is expressed in "hours" or
"days" of exposure. Smaller LT50 values mean
the sample is more toxic. Several years of
monitoring stormwater toxicity in the San
Francisco Bay Area have shown that LT50 is a
valid measure of the intensity of toxicity. The
LT50, determined by toxicity testing, in
conjunction with the stormwater flow duration
measured in the stream channel~, might be useful
in predicting the ecological impact of urban
storrnwater runoff to receiving waters.

6.S SUMMARY

Toxicity testing was successfully implemented
for characterization of urban runoff in numerous
watersheds and land-use catchments in Alameda.
Contra Costa and Santa Clara counties. The test
design followed EPA guidance for chronic tests
in the screening mode. Studies were initiated
with three freshwater test species, and C. dubia,
as the most responsive test organism, was chosen
for ongoing study. There were several important
applications and findings:

• The chronic test design in the screening mode
was suitable for the range of toxicity intensity
found in urban runoff from all land use areas,
except for heavy industrial catchments which
discharge extremely toxic runoff (Cooke et al,
1994, WCC 1992, 1993a).

• C. dubia was the most responsive test
orgnnism.

III
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• Heavy metals were implicated as contributing
to toxicity in industrial catchments. while non
polar organics were responsible for toxicity in
stream stations (Wee 1992).

• Toxicity to C. dubia was manifested by two
distinct effects. lethality and reproductive
impuinnent. Some samples. particularly from
residential areas. caused mortality after several
days of exposure but did not inhibit
reproduction of the organisms before they
died. Otl1er samples. particularly tJlOse
collected in transportation-corridor stations.
severely inhibited reproduction without
causing mortality. These results provided
valuable infom1alioll on tl1e possible causes of
toxicity in tl1e different warersheds (Cooke ct
al. 1994). .

• Advanced TIE procedures (Phase II and III)
identi fled the organophosphate pesticide
diazinon as the cause of toxicity in some
residential watersheds. Diazinon does not
seem to inhibit reproduction in C. dubia.
(Hansen 1994. WCC 1994b).
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1
7•0 SUMMARY AND RECOMMENDATIONS

7.1 BAY AREA MONITORING DATA:
FINDINGS

Review of eXlstmg stonnwater quality
monitoring data collected in the San Francisco
Bay Area has yielded the following findings:

o Concentrations of metals in runoff from urban
areas are generally lower than EPA's
dissolved water quality criteria for the
protection of aquatic life.

o Concentrations of total cadmium, copper,
lead, nickel. and zinc are sometimes higher
Ulan the Basin Plan water quality objectives
for the protection of aquatic life. However,
results from toxicity identification evaluations
indicate that when toxicity is found in
waterways it is generally attributable to
nonpolar organics and not due to particulates
or dissolved metal ions.

o Stonnwater runofr is often toxic to the
laboratory test organism C. dubia (water flea).
For most waterways, the organisms die
between 1 to 7 days of exposure to runoff.
The commonly used organophosphate
insecticide diazinon has been identified as the
cause of the observed toxicity in some
residential watersheds.

• Concentrations of total mercury are generally
higher than the chronic EPA WQC and Basin
Plan WQOs. However, these standards are
designed to prevent accumulation of mercury
in fish tissues to levels that are hazardous to
eat It is unclear if the duration of storm
flows in creeks is long enough to permit
accumulation to hazardous levels. A similar

objective for the Bay is based on a 3D-day
averaging period.

• Concentrations of metals in runoff from
different types of urban land uses (residential,
commercial, industrial, transportation) are
generally not statistically different from one
another. Within anyone monitoring station,
variations in storm characteristics, timing, and
specific urban activities cause the
concentrations to vary over a wide range,
hampering our ability to observe differences
between watersheds caused by differing land
use.

• Runoff from developed urban areas generally
contains higher concentrations of metals than
runoff from undeveloped areas. However,
total metal concentrations in runoff from open
space can be higher than metals in runoff
from heavy industrial areas due to elevated
concentrations of suspended and settleable
solids associated with erosion.

7.2 EFFECTIVENESS OF MONITORING

The effectiveness of the current monitoring
program in meeting the goals of the monitoring
described in section 2.0 is discussed below. The
two primary goals to the long-term stream
monitoring are:

I. Determine trends in water quality and
augment the long-tenn database to include a
range of hydrological and water quality
conditions for representative waterways in the
Bay Area.
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II. Determine how receiving water qUality
during storm events compares with
available water quality and toxicity
objectives.

The ability to determine trends in water quality
due to implementation of BMPs in the four to
six monitored watersheds is limited by our
understanding of the influence of variations in
hydrology on water quality. At selected stations.
enough monitoring data has been collected to
allow establishing relationships between event
and antecedent conditions and water quality. At
one watershed such an analysis has been
conducted and shown that much of the variabili ty
can be explained by changes in hydrologic
factors (WCC 1995a and WCC 1996). These
observations indicate that if detection of trends is
a desired goal many (greater than 15) storm
events need to be monitored over several years
to encompass the range of hydrologic conditions.
Therefore. at stations with few storms sampled.
such as those in Contra Costa County trend
detection will be difficult until an adequate
database has been established.

Existing monitoring results are adequate to
provide a general understanding of how water
quality compared with available water quality
objectives and criteria and toxicity objectives for
most trace metals. Data on organic compounds
at detection levels that are adequate to compare
with Federal Criteria are more. sparse.
Specifically, low-level monitoring for PAH
compounds has been conducted for a few events
at four waterway stations in Santa Clara County
and three waterway stations in Alameda County.
Few waterway stations have been monitored for
low-level diazinon/chlorpyrifos and none have
been monitored for low-level PCBs. However,
the utility of monitoring for PCBs is questionable
as these compounds have been banned since the
19705 and few, if any. active source control

efforts could be enacted by stormwater agencies.
Additionally, diazinon/chlorpyrifos control is
currently the focus of an intensive BASMAA
special study and workgroup funded in part
through an EPA grant. Therefore. it is not clear
that additional long-term monitoring by
BASMAA agencies is necessary at this time.

PAH compound data are adequate to show
certain compounds exceed the Federal Water
Quality Criteria designed to prevent food fish
from accumulating hazardous levels of PAHs.
However. it is unclear if PAH concentrations in
runoff persist long enough to allow accumulation
in fish. Also fish tissue qUality in the Bay is
currently the focus of an extensive Regional
Monitoring Program Special Study. It is
recommended that the RMP study explore the
possibility of sampling fish from streams with
significant fisheries as well as the Bay.

7.3 RECOMMENDATIONS FOR
CHANGES TO MONITORING

Five changes to monitoring programs in the San
Francisco Bay Area are recommended:

• Dissolved metal concentrations are rarely
found to be higher than the EPA WQC.
However. total metals often exceed the WQO
in the San Francisco Bay Basin Plan. To
determine if the particulate metals. in
stormwater are causing a potential impact to
sediment dwelling organisms. it is
recommended that a pilot sediment
assessment program be initiated. This pilot
program should use sediment toxicity testing,
and chemical characterization, as well as
biological assessment techniques to evaluate
potential impacts. Because most of these
techniques are in the development stage the
program should be initiated on a trial basis in

1&1
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one watershed to allow refinement of these
tools for urban waterways.

• Duration and variability of dissolved metal
concentrations during and after storm events
has not been investigated for most urban
waterways. Because sediment/water
interaction is complex, it is not known if
dissolved metal concentrations increase or
decrease following storm events. It is
recommended that a special study be
conducted using in-field filtration to
determine how dissolved metal concentrations
vary within and following storm events.

• :-ew reliable measurements of stream quality
during dry weather have been conducted. It
is recommended that some effort be spent to
d~tennine metals and diazinon concentrations
in waterways with significant dry weather
flows.

• Few reliable measurements of Chromium (VI)
have been performed. As Chromium (VI) is
the predicted form of chromium in fresh
water it is recommended that grab samples be
collected and ;malyzed for dissolved
chromium (VI) using improved low-level
methods appropriate to environmental surface
water monitoring. These results can be used
to confirm previous results which used older
EPA methods.

• Hydrologic factors are responsible for a large
portion of the observed variability. in
individual watersheds. If the goal of the
monitoring program is to detect changes in
water quality due to BMP implementation, the
variability due to hydrology should be
accounted for in order to detect a trend. It is
recommended for those watersheds where
trend detection is desired that a range of
storms should be sampled which reflect the

distribution of antecedent and event-specific
hydrologic parameters. Additionally, records
should be kept of rainfall and flow in the
monitored watershed to allow calculation of
appropriate hydrologic statistics.
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SUI\1I\IARY OF ENVIRONI\IENTAL . r WEATIIEH I\IONITORING DATA
. Alameda County

STATION Lt L2 LJ IA 15 1.6 1.7 UI 1.9 LtD SI S2 S3 S4 S5 S6

'olal Arnnlc " EVENTS 5 9 19 5 5 9 5 5 9 8 10 9 9 5 1 5

MEANCONC 5.1 1.6 3.1 1.4 1.1 1.3 1.6 0.1 2.3 2.4 4.2 2.5 2.8 1.2 10.5 0.6

STD ERROR (MEAN) 2.9 0.1 1.1 0.9 0.8 0.8 1.4 0.3 0.8 1.2 2.1 I.S 1.1 0.6 8.4 0.2

STD DEVIATION 3.5 0.1 2.1 1.0 0.9 0.9 1.1 0.4 1.0 1.4 3.1 1.9 1.1 0.1 11.6 0.2

CV 0.1 0.5 0.1 0.1 0.5 0.1 1.1 0.6 05 0.6 0.1 0.1 0.6 0.6 1.1 0.3

lOth PERCENTILE 2.0 0.9 1.8 0.5 0.1 OJ OJ 05 1.1 1.0 20 0.5 1.1 0.5 3.2 0.5

251h PERCENTILE 2.0 1.0 2.3 0.5 1.0 0.5 0.5 .05 2.0 1.0 2.5 1.0 2.0 O.s 4.0 0.5

50lh PERCENTILE ( 4.0 2.0 3.0 1.0 2.0 1.0 1.0 0.5 2.0 2.0 3.0 2.0 2.9 1.0 6.0 0.5

751h PERCENTILE 6.0 2.0 4.5 2.0 2.0 2.0 1.0 0.5 2.0 3.3 4.6 4.0 3.0 2.0 9.8 0.5

90lh PERCENTILE '9.3 2.2 5.1 2.6 2.6 2.2 3.4 1.1 4.0 4.3 5.9 4.5 3.8 2.0 22.1 0.8

~oND 0.0 11.1 0.0 40.0 20.0 44.4 40.0 80.0 11.1 00 0.0 22.2 11.1 40.0 0.0 80.0

-_. ---_._--_._._---_......__....._.....-----_.._.......__..__................_.__._.................._.•..•...._-...._..-.............__._.................__.._-_.........__..__..-_.__._.._-_._---_......................_-......._.......

IIssolved Arsenic " EVENTS 5 8 8 5 5 9 5 5 9 1 5 5 5 5 5 5

MEANCONC 0.1 0.6 0.6 0.6 0.5 0.6 OS 0.6 0.6 1.6 1.1 1.2 0.1 0.5 1.4 0.5

STD ERROR (MEAN) 0.2 0.1 0.1 0.2 0.0 0.2 0.0 0.1 0.1 0.8 0.9 0.6 0.2 0.0 0.1 0.0

STD DEVIATION 0.2 0.2 0.2 0.2 0.0 0.2 00 0.1 0.2 0.9 1.2 0.1 0.2 00 0.7 0.0

CV 0.3 0.3 0.3 0.3 00 0.3 00 0.2 0.3 0.5 0.8 0.6 0.3 0.0 0.5 0.0

IOlh PERCENTILE O.s 0.5 0.5 0.5 0.5 0.5 0.5 OS 0.5 0.5 0.6 0.5 0.5 0.5 0.5 0.5

25th PERCENTILE 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.8 0.8 0.5 0.5 0.5 0.5 0.5

50th PERCENTILE 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 OS 2.0 \.5 \.0 0.5 0.5 2.0 0.5

751h PERCENTILE 0.8 0.5 0.5 O.S 0.5 OS O.S O.S O.S 2.0 I.S 2.0 1.0 0.5 2.0 0.5

90th PERCENTILE 0.9 0.1 0.1 0.8 OJ 1.0 0.5 0.7 0.6 2.4 3.0 2.0 1.0 0.5 2.0 O.S

°IeND 80.0 87.5 81J 80.0 100.0 17.8 100.0 80.0 88.9 28.6 20.0 0.0 20.0 100.0 0.0 80.0

NOTE: (n.5°MDLI WAS USED AS TilE INPUT PARAMETER FOR METAL CONCENTRATIONS REPORTED AS NO.
CONC[NTRAIONSAR[REPORTEOJN.~



SUMMARY OF ENVIRONMENTAL WET WEATHER MONITORING DATA
Alameda County

r

STATION LI U U IA 1..5 1.6 1.7 1.8 1.9 1.10 SI 51 53 54 5S S6.
otal Cadmium II EVENTS 5 9 19 5 5 9 5 5 9 8 10 15 20 5 17 5

I\IEANCONC 0.5 1.9 2.9 1.6 1.1 1.3 0.9 0.2 1.1 1.7 0.6 0.6 0.6 1.1 0.4 0.3

STD ERROR (MEAN) 0.1 0.8 1.4 0.6 0.2 0] 0.6 0.1 0.4 0.5 0.3 0.2 0.2 0.2 0.2 0.1

STD DEVIATION 0.2 0.9 2.0 0.8 0.3 0.4 0.8 0.1 0.5 0.5 0.4 0.2 0.3 0.3 0.] 0.2

CV 0.3 0.5 0.7 0.5 0.2 0.] 0.9 0..5 0..5 0.] 0.6 0.4 0..5 0.2 0.8 0.1

10th PERCENTILE 0.3 1.0 . 1.4 0.9 0.9 0.9 0.3 0.1 0.5 1.1 0.2 0.] 0.3 0.8 0.1 0.1

25th PERCENTILE 0.4 1.2 1.6 1.0 0.9 1.1 0.4 0.1 0.8 1.2 0.3 0..5 0.4 1.0 . 0.2 0.2

50th PERCENTILE 0..5 2.0 2.0 1..5 0.9 1.2 0..5 0.1 1.1 1.9 0..5 0.6 0.5 1.1 0.3 0.2

75th PERCENTILE 0.6 2.7 3.6 1.6 I.J 1.4 0.7 0.2 1.1 2.1 0.9 0.7 0.6 1.1 0.4 0.3

90th PERCENTILE 0.6 2.9 4.6 2.6 1.4 1.1 1.7 0.] 1.8 2.2 1.0 0.9 1.1 I.J 0.1 0.5

%ND 0.0 11.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.0 0.\) 11.6 20.0

....•.._-_._---_.

I!!olved Cadmium II EVENTS 5 9 18 5 5 9 5 5 9 7 10 14 19 5 16 5

MEANCONC 0.1 0.3 0.1 0.2 0.3 0.4 0.2 0.1 0.2 0.3 0.1 0.1 0.1 0.2 0.1 0.1

STD ERROR (MEAN) 0.0 0.1 0.2 0.1 0.2 0.2 0.1 0.1 0.1 0.1 0.0 0.0 0.1 0.1 0.0 0.0

STD DEVIATION 0.1 0.2 0.4 0.1 0.3 0.3 0.1 0.1 0.2 0.1 0.0 0.1 0.1 0.1 0.1 0.1

CV 0.8 0.6 0.5 0.5 1.1 0.1 0.8 1.0 0.8 0.4 0.5 0.6 0.1 0.4 0.9 0..5

lOth PERCENTILE 0.1 0.1' 0.4 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

15th PERCENTILE 0.1 0.2 0.6 0.2 0.1 0.2 0.1 0.\ 0.1 0.2 0.\ 0.1 0.1 0.2 0.1 0.1

50th PERCENTILE 0.1 0.2 0.7 0.2 0.2 0.4 0.1 0.1 0.1 0.] 0.1 0.1 0.1 0.2 0.1 0.1

75th PERCENTILE 0.1 0.4 0.8 0.3 0.2 0.5 0.2 0.1 0.3 0.4 0.1 0.1 0.1 0.2 0.1 0.1

90th PERCENTILE 0.1 0.5 0.9 0.4 0.6 . 0.1 0.3 0.3 0.4 0.4 0.1 0.1 0.2 0.3 0.1 0.2

%ND 80.0 22.2 5.6 20.0 40.0 11.1 -40.0 60.0 22.2 14.3 90.0 85.1 84.2 20.0 81.5 40.0

NOTE: CO.
CONCENT.

VAS USED AS TIlE INPUT PARAMETER FOR METALCONCENTRATlONS REPORTED AS ND.
;AREREPORTEDINaJIl



SUMMARY OF ENVIRONMENTAL .. .:;T WEATIIEn MONITORING DATA
Alamedn County

STATION LI 1.2 U IA 1..5 1.6 1.7 III 1.9 LlO 51 52 53 54 55 56

Dial Chromium II EVENT5 5 9 19 5 5 9 5 5 9 8 10 15 20 5 17 5

MEANCONC 24.1 1.9 30.9 39.6 10.4 10.6 13.2 1.7 34.2 12.6 19.3 18.8 9.9 22.6 24.9 8.4

STD ERROR (MEAN) 11.3 0.8 28.8 44.2 IJ 2.6 8.3 0.7 29.0 3.4 12.7 12.7 5.2 9.5 14.6 4.5

STD DEVIATION 13.1 0.9 53.6 55.2 1.6 2.9 10.4 0.9 42.4 4.0 17.2 18.4 6.6 10.2 16.9 5.6

CV 0.5 0.5 1.7 1.4 0.2 0.3 0.8 0.5 1.2 0.3 0.9 1.0 0.7 0.5 0.7 0.7

10th PERCENTILE 10.4 1.0 7.0 9.8 8.8 7.8 7.0 0.7 9.2 7.7 6.5 5.8 2.5 13.8 2.9 4.0

25th PERCENTILE 14.0 1.2 9.0 11.0 10.0 8.0 7.0 1.0 15.0 9.5 8.6 9.2 5.3 15.0 11.0 4.0

50th PERCENTILE -22.0 2.0 13.0 13.0 10.0 10.0 9.0 1.9 18.5 12.5 11.5 13.0 8.0 16.0 26.0 6.0

75th PERCENTILE 31.5 2.7 22.0 15.0 11.0 12.0 9.0 2.0 22.0 15.5 18.8 16.0 13.0 30.0 38.0 9.0

90th PERCENTILE 39.6 2.9 51.4 96.0 12.2 14.4 24.0 2.6 69.2 17.6 41.4 45.6 19.0 35.4 45.2 15.0

"I.ND 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0

- -_..._---_.._..._.-..._.._.-.................__...._.....__....._...._-_.._._._- -----------_..__._---------..._.._......._-_._-._-
1550lved Chromium II EVENTS 5 9 8 5 5 9 5 5 9 7 5 5 6 5 6 5

MEANCONC 3.1 OJ 1.7 2.4 1.6 1.9 1.6 1.3 2.6 1.8 1.5 2.5 1.1 2.2 1.0 2.6

STD ERROR (MEAN) 3.1 0.1 1.5 1.8 0.5 0.5 0.5 0.6 0.7 0.4 0.5 1.8 0.6 0.6 0.5 0.7

STD DEVIATION 3.7 0.2 2.1 2.4 0.5 0.8 0.5 0.7 0.9 0.5 0.6 2.3 0.6 0.7 0.6 0.8

CV 1.2 0.6 1.2 1.0 0.3 0.4 0.3 0.5 0.4 0.3 0.4 0.9 0.6 0.3 0.6 0.3

10th PERCENTILE 0.5 0.1 0.5 0.5 1.0 0.9 1.0 0.5 2.0 1.4 0.8 0.7 0.5 1.4 0.5 2.0

25th PERCENTILE 0.5 0.2 0.5 0.5 1.0 2.0 1.0 05 2.0 2.0 1.1 0.9 0.5 1.8 0.5 2.0

50lh PERCENTILE 0.5 0.2 0.6 2.0 2.0 2.0 2.0 1.3 2.0 2.0 1.5 2.0 0.9 2.0 0.8 2.0

75th PERCENTILE 4.0 0.4 2.0 2.0 2.0 2.0 2.0 2.0 3.0 2.0 2.0 2.0 1.8 3.0 1.4 3.0

90th PERCENTILE 7.6 0.5 3.5 5.0 2.0 3.0 2.0 2.0 3.4 2.0 2.0 5.0 2.0 3.0 1.8 3.6

"foND 60.0 22.2 50.0 40.0 0.0 11.1 00 40.0 0.0 14.3 40.0 20.0 50.0 0.0 50.0 0.0

NOTE: (O_~'MDL, WAS USED AS TIlE INPITT PARAMETER FOR METAL CONCENTRATIONS REPORTED AS NO.
,......,,.....0'T'ft •• n .... & nr nC'DnDTTn lJilI ...."



SUMMARY OF ENVIRONMENTAL WET WEATHER MONITORING DATA
Alameda County

STATION LI U L3 L4 LS L6 1.7 1.8 1.9 1.10 51 51 53 54 55 56

olal Copprr II EVENTS S 9 18 S 5 9 5 S 9 8 10 14 19 S 16 5
MEANCONC 20.1 53.3 48.8 47.4 28.6 28.0 45.2 4.0 51.1 55.9 30.0 20.4 19.4 42.2 36.2 13.6

STD ERROR (MEAN) 8.9 19.0 24.1 12.1 5.9 4.9 37.9 1.6 28.0 18.1 16.6 6.7 6.2 10.2 20.6 ~.5

STD DEVIATION 10.3 23.2 28.9 12.9 6.4 5.7 47.9 1.9 35.3 20.5 19.6 8.3 7.9 10.9 26.9 4.1

ev O.S 0.4 0.6 0.3 0.2 0.2 1.1 0.5 0.7 0.4 0.7 0.4 0.4 0.3 0.7 0.3
10tb PERCENTILE 8.6 26.8 17.0 34.2 22.8 21.2 14.2 1.8 24.8 30.2 11.9 8.6 10.1 29.4 5.8 9.2

15th PERCENTILE 11.0 35.0 30.S 39.0 24.0 25.0 16.0 3.0 32.0 37.3 16.9 IS.O I3.S 30.0 8.8 11.0
50lh PERCENTILE 23.0 51.0 39.0 42.0 25.0 27.0 24.0 4.0 35.5 59.5 19.8 21.5 21.0 47.0 34.0 13.0

75th PERCENTILE 23.5 68.0 67.8 60.0 no 32.0 no 6.0 49.0 695 39.0 24.5 23.0 48.0 43.9 16.0

90th PERCENTILE .31.0 81.6 92.4 63.0 36.6 35.2 97.2 6.0 105.6 80.0 59.] 31.4 28.0 53.4 71.8 18.4

%ND 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

._------~_._-----_._..
lS50lved Copper II EVENT5 5 9 18 5 5 9 5 5 9 7 10 14 19 S IS 5

MEANCONC 10.4 10.1 6.9 5.6 9.2 8.6 5.0 2.7 6.4 9.4 S.9 4.9 5.8 11.8 4.1 3.8

STD ERROR (MEAN) 14.3 8.4 ].1 1.7 2.7 ].7 1.6 1.6 1.7 ].2 1.8 I.J I.S 6.6 1.0 1.0

STD DEVIATION 17.9 13.6 4.2 2.1 ].5 4.1 1.9 1.9 1.9 3.7 2.0 1.4 2.1 7.1 1.4 1.2

ev 1.7 I.J 0.6 0.4 0.4 0.5 0.4 0.7 0.3 0.4 0.3 0.3 0.4 0.6 0.] 0.3

10tb PERCENTILE 0.5 2.8 3.8 3.2 6.4 4.0 2.8 0.7 4.0 4.6 3.9 3.1 3.8 4.8 2.6 2.4

25th PERCENTILE 0.5 4.0 4.0 5.0 7.0 5.0 4.0 1.0 5.0 6.5 4.1 3.6 4.4 6.0 3.1 3.0

50th PERCEI'ITILE 0.8 5.0 5.8 6.0 8.0 8.0 5.0 3.0 7.0 11.0 5.8 4.8 5.6 9.0 4.0 4.0

75tb PERCENTILE 4.0 9.0 7.3 7.0 9.0 13.0 . 7.0 3.0 8.0 11.5 6.9 6.0 6.4 17.0 4.9 5.0

90th PERCENTILE 29.2 17.6 15.0 7.6 13.2 14.0 7.0 4.8 9.0 13.2 8.2 6.9 7.8 20.6 5.9 5.0

eleND 40.0 0.0 5.3 0.0 0.0 0.0 0.0 20.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

r

NOn:: (O!'

CONCENT.

lAS USED AS mE INPUT PARAMETER FOR METAL CONCENTRATIONS REPORn:D AS ND.

AR£ REPORn:D IN arJl



SUMMARY OF ENVIRONMENTAL iT WEATIIER MONITORING DATA
Alnmeua Counly

Total uad

Olnolvrd uad

STATION LI L1 LJ U 15 L6 1.7 1.8 1.9 LID 51 52 S3 54 55 56

II EVENTS 5 9 19 5 5 9 5 5 9 8 10 15 20 5 17 5

MEANCONC 11.2 120.3 159.4 109.8 85.6 H2 121.0 5.3 46.3 182.8 58.4 41.0 36.0 56.0 15.6 19.6

STD ERROR (MEAN) 4.6 49.0 71.1 16.2 23.5 10.9 127.6 IS 20.7 77.3 37.5 IB.I \2.2 14.4 10.5 16.6

STD DEVIATION 5.5 54.6 82.5 19.8 28.1 12.5 160.3 2.0 29.4 92.2 47.1 21.2 18.4 15.6 13.1 21.0

CV 0.5 0.5 0.5 0.2 0.3 0.2 U 0.4 0.6 0.5 0.8 0.5 0.5 0.3 0.8 1.1

10th PERCENTILE 5.2 61.2 73.6 88.0 54.8 39.4 24.2 3.2 18.4 87.4 20.4 12.6 19.0 39.2 3.2 5.8

25th PERCENTILE 7.0 81.0 93.0 97.0 77.0 40.0 26.0 5.0 29.0 106.8 27.8 24.5 26.0 44.0 5.1 7.0

50th PERCENTILE 12.0 132.0 130.0 110.0 81.0 54.0 50.0 5.0 41.0 170.0 33.3 38.0 34.3 52.0 14.0 10.0

75th PERCENTILE 13.0 180.0 240.0 120.0 110.0 60.0 66.0 6.0 44.0 232.5 65.5 59.0 38.3 72.0 19.0 15.0

90th PERCENTILE .17.2 182.0 268.0 132.0 116.0 68.0 290.4 7.4 76.8 297.0 129.1 68.0 51.2 74.4 34.4 42.6

%ND 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0

..__.._--_..._._--_._---_..--_...._...__.............._-_......._-_.__...__..........- '-'---'" -------_._-_._-

II EVENTS 5 9 18 5 5 9 5 5 9 7 10 \4 19 5 IS 5

MEAN CONC 0.8 4.2 6.7 3.3 8.9 2.9 3.5 I.l 1.5 5.6 1.9 2.0 1.1 0.6 4.\ 0.5

STD ERROR (MEAN) 0.5 2.1 4.6 1.2 10.4 2.0 2.6 0.7 1.0 1.9 0.8 2.1 1.4 0.2 1.0 0.0

STD DEVIATION 0.6 2.6 7.6 I.S III 3.1 3.3 0.7 1.4 2.1 1.0 3.2 2.4 0.2 1.4 0.0

CV 0.8 0.6 1.1 0.5 1.5 1.0 1.0 0.7 0.9 0.4 0.5 1.6 1.4 0.3 0.3 0.0

10th PERCENTILE 05 0.5 0.7 I.S 1.1 0.5 1.1 0.5 0.5 2.6 0.5 0.5 0.5 0.5 2.6 0.5

25th PERCENTILE 0.5 3.0 3.0 3.0 2.0 0.5 2.0 0.5 0.5 4.0 1.3 0.5 0.5 0.5 3.1 O.s

50th PERCENTILE 0.5 4.0 5.0 4.0 3.0 2.0 2.0 0.5 1.0 7.0 2.0 0.5 0.8 0.5 4.0 0.5

75th PERCENTILE 0.5 6.0 7.5 4.0 4.0 3.0 3.0 2.0 2.0 7.0 2.5 1.2 1.8 0.5 4.9 0.5

90th PERCENTILE 1.4 7.4 10.6 4.6 22.6 5.4 7.2 2.0 2.6 7.4 2.7 5.5 2.6 0.8 5.9 0.5

%ND 80.0 22.2 11.1 20.0 20.0 3D 20.0 60.0 44.4 0.0 20.0 64.3 41.4 60.0 93.8 100.0

NOTE: ,D$'MDLIWAS USED AS TilE INPUT PARAMETER FOR METAL CONCENTRATIONS REPORTED AS NO.

CONCENTRAIONS ARE REPORTED IN_Ill



SUMMARY OF ENVIRONMENTAL WET WEATIIER MONITORING DATA
Alameda Counly

STATION Lt U 1.3 lA LS 1..6 L7 1.11 19 LID 51 52 53 54 55 56

olall\fereury " EVENTS S 9 19 5 5 9 5 5 9 8 10 9 II 5 9 5,
MEANCONC 0.1 0.3 0.2 0.4 0.2 0.5 0.1 0.1 0.1 0.2 0.3 0.2 0.1 0.2 0.1 0.2
STD ERROR (MEAN) 0.0 0.2 0.1 0.2 0.1 0.3 0.0 00 0.0 0.1 0.2 0.1 0.1 0.1 0.1 0.1

STD DEVIATION 0.0 0.2 0.1 0.3 0.\ 0.4 0.0 0.0 0.1 0.2 0.3 0.1 0.1 0.2 0.1 0.1

CV 0.0 0.7 0.8 0.6 0.6 0.9 0.3 0.3 0.5 0.7 0.9 0.6 0.6 0.7 1.1 0.8

10tb PERCENTILE 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.1 0.0 0.1

25tb PERCENTILE 0.1 0.1 0.1 0.3 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

50tb PERCENTILE ~i' 0.2 0.1 0.3 0.1 0.3 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1

75tb PERCENTILE 0.1 0.4 0.1 0.5 0.2 0.6 0.1 0.1 0.1 0.3 0.4 0.3 0.2 O.J 0.1 0.1

90tb PERCENTILE .0.1 0.5 0.3 0.7 0.3 0.9 0.2 0.2 0.1 0.4 0.7 0.4 0.2 0.4 0.2 0.3

elaND 100.0 44.4 78.9 20.0 60.0 33.3 80.0 80.0 88.9 37.5 60.0 66.7 42.9 60.0 57.1 80.0

.-

wolved Mereury II EVENTS 5 9 8 5 5 9 5 5 9 7 5 5 6 5 7 5

MEANCONC 0.1 0.1 0.1 0.1 0.1 0.3 0.1 0.1 0.1 0.1 0.1 0.1 1.1 0.1 0.2 0.1

STD ERROR (MEAN) 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.1 0.0 0.6 0.0 0.2 0.0

STD DEVIATION 0.0 0.1 0.0 0.0 0.0 0.3 0.0 0.0 0.0 00 0.1 0.0 0.6 0.0 0.3 0.0

CV 0.0 0.5 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.6 0.0 0.6 0.0 1.6 0.0

lOth PERCENTILE 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.5 0.1 0.0 0.1

15tb PERCENTILE 0.1 0.\ 0.1 0.1 0.1 0.\ 0.\ 0.\ 0.1 0.1 0.1 0.1 0.6 0.1 0.\ 0.\

50th PERCENTILE 0.1 0.1 0.1 0.\ 0.1 0.\ 0.\ 0.1 0.1 0.1 0.1 0.\ 0.9 0.\ 0.1 0.1

75th I'ERCENTILE 0.1 0.1 0.1 0.1 0.1 0.3 0.1 0.1 0.1 0.1 0.\ 0.1 1.8 0.\ 0.1 0.1

90tb PERCENTILE 0.1 0.1 0.1 0.1 0.1 0.6 0.1 0.1 0.1 0.1 0.2 0.1 2.0 0.1 0.5 0.1

OlaND 100.0 88.9 100.0 100.0 100.0 55.6 100.0 100.0 100.0 100.0 80.0 100.0 54.5 100.0 66.7 100.0

T

o

NOTE: (0
CONCEIll

liAS USED AS nlE INPUT PARAMETER FOR METAL CONCENTRAnONS REPORTED AS liD.

j ARE REPORTED INuJ/\.



ENVIRONMENTAL WET. ~ATIIERMONITORING DATA
Alameda Counly

Total Nickel

...•----_.-
DIssolved Nickel

STATION LI L2 U 1.4 1..5 1.6 1.7 1.8 1.9 LlO 51 51 53 54
,

S5 S6

II EVENTS 5 9 18 5 5 9 5 5 9 8 10 14 19 5 16 5

I\fEANCONC 29.6 13.3 23.8 23.0 14.4 9.6 25.8 1.1 17.3 17.8 33.7 18.1 12.8 15.6 39.8 8.2

STD ERROR (MEAN) 8.1 4.1 10.1 10.8 4.1 2.0 23.1 0.4 5.3 4.3 20.7 7.6 6.9 4.3 31.6 5.1

STD DEVIAnON 8.9 4.6 13.0 13.6 4.7 2.5 29.4 0.5 5.9 4.8 24.3 10.3 8.2 5.0 37.1 6.7

cv 0.3 0.3 0.5 0.6 OJ 0.3 1.1 0.5 0.3 0.3 0.7 0.6 0.6 0.3 0.9 0.8

10th PERCENTILE 18.8 7.8 10.7 10.8 9.2 8.0 8.0 0.6 11.6 11.7 12.0 9.0 4.1 10.2 5.4 3.2

15th PERCENTILE 23.0 10.0 12.5 18.0 11.0 8.0 8.0 0.8 13.5 12.8 14.0 12.3 6.3 12.0 12.8 5.0

50th PERCENTILE 32.0 14.0 21.0 18.0 14.0 8.0 10.0 1.0 14.0 19.0 22.5 15.5 10.0 15.0 22.0 5.0

75th PERCENTILE 37.0 17.0 30.0 26.0 180 9.0 19.0 1.0 21.0 21.5 50.8 22.0 17.5 19.0 63.0 8.0

90th PERCENTILE 38.8 18.6 41.2 38.6 19.8 134 58.0 1.6 24.2 2)) 60.6 28.2 21.4 21.4 100.3 15.8

%ND 0.0 0.0 0.0 0.0 0.0 00 00 40.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0

..__._----_._--_.....__.-.__.._..._.._._......_..- ........_..._...__................_..................._--_......_..__.........._-- ......._----_.._--_._..._.._--_._........__...- .._..._...._---....._-
II EVENT5 S 9 8 5 5 9 5 5 9 7 5 S 5 S S S

MEANCONC 9.2 5.2 7.9 10.6 4.6 2.2 30 2.0 28 4.3 4.0 2.1 2.5 2.3 2.5 1.8

STD ERROR (MEAN) 9.1 3.0 3.4 5.5 1.5 1.4 2.0 2.4 1.5 1.5 2.0 0.7 1.4 1.2 0.6 0.3

STD DEVIATION 11.5 4.4 3.8 7.3 1.7 1.5 2.4 3.0 2.1 1.7 2.6 0.9 1.5 1.3 0.6 0.4

cv 1.3 0.8 0.5 0.7 0.4 0.7 08 1.5 0.7 0.4 0.7 0.4 0.6 0.6 0.3 0.2

10th PERCENTILE 2.0 2.8 4.0 4.0 2.8 O.S O.S os 1.3 2.6 1.5 1.1 0.7 0.7 2.0 1.4

251h PERCENTILE 2.0 3.0 4.8 7.0 4.0 . 0.5 0.5 0.5 2.0 3.0 3.0 2.0 1.0 1.0 2.0 2.0

50th PERCENTILE 3.0 3.0 7.0 9.0 4.0 2.0 3.0 O.S 20 4.0 3.5 2.0 3.0 3.0 2.0 2.0

751h PERCENTILE 7.0 5.0 10.5 11.0 6.0 4.0 4.0 0.5 3.0 5.5 4.5 3.0 4.0 3.0 3.0 2.0

90th PERCENTILE 22.0 9.0 12.8 18.8 6.6 4.0 5.8 5.0 4.8 6.4 6.9 3.0 4.0 3.6 3.1 2.0

%ND 0.0 0.0 0.0 0.0 0.0 33.3 40.0 80.0 11. t 00 20.0 20.0 20.0 20.0 0.0 0.0

NOTE: (D.5"MDLI WAS USED AS THE INPUT PARAMETER FOR METAL CONCENTRATIONS REPORTED AS NO.

CONCENTRAIONS ARE REPORTED IN_lit



ENVIRONMENTAL WET WEATHER MONITORING DATA
Alameda County

STATION Lt U U l.A LS t.6 1.7 1.8 1.9 LtO 51 51 53 54 5S 56

Tolal Scltnlum " EVENTS S 9 19 5 5 9 5 5 9 8 10 15 20 5 17 5

MEANCONC 0.1 0.1 0.5 0.7 1.6 0.9 0.1 1.2 0.5 0.6 1.1 0.6 0.4 0.4 1.0 1.2

STD ERROR (MEAN) 0.0 0.0 0.6 1.0 2.4 1.2 0.0 1.8 0.7 0.9 1.5 0.7 0.3 0.5 1.0 1.7

STD DEVIATION 0.0 0.0 1.4 1.2 3.0 1.6 0.0 2.2 1.1 I.J 2.5 1.5 0.8 0.6 2.2 2.1

CV 0.0 0.0 3.0 1.7 1.9 1.8 0.0 1.8 2.2 2.2 2.4 2.4 2.1 1.5 2.3 1.8

10lh PERCENTILE 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 9. 1 ·0.1

251h PERcENTILE 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1

50lh PERCENTILE 0.1 0.1 0.1 0.1 0.1 0.1 0.1 OJ 0.1 0.1 0.2 0.3 0.2 0.1 0.5 0.1
I

751h PERCENTILE 0.1 OJ 0.2 0.1 0.1 0.1 0.1 OJ 0.1 0.1 0.4 0.3 0.3 0.1 0.6 0.1

90lh PERCENTILE 0.1 0.1 0.3 2.0 4.6 2.8 0.1 3.5 0.8 I.J 1.6 0.4 0.3 1.1 0.9 3.3

%ND • 100.0 100.0 52.6 80.0 80.0 77.8 100.0 80.0 88.9 87.5 70.0 40.0 30.0 80.0 17.6 80.0

_______• __0__• ___._••__•

Dissolvtd Stlmlum " EVENTS 5 9 8 5 5 9 5 5 9 7 5 5 5 5 5 5

MEANCONC 0.1 0.1 0.6 0.5 I.J 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.2 0.1

STD ERROR (MEAN) 0.0 0.0 0.9 0.7 1.9 0.0 00 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.2 0.0

STD DEVIATION 0.0 0.0 I.J l'.8 2.3 0.0 0.0 0,0 0.3 0.0 0.0 0.0 0.0 0.0 0.2 0.0

CV 0.0 0.0 2.2 1.6 1.8 0.0 0.0 0.0 1.5 0.0 0.0 0.0 0.0 0.0 1.0 0.0

10lh PERCENTILE 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

25th PERCENTILE 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 OJ OJ

50th PERCENTILE 0.1) 0.1 0.1 0.1 0.1' 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0,1 0.1

751h PERCENTILE 0.1 0.1 0.1 OJ 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 OJ

90th PERCENTILE 0.\ 0.\ 1.3 \.4 3.6 0.1 0.\ 0.1 0.3 0.\ 0.1 0.\ 0.1 0.1 0.4 0.1

%ND 100.0 100.0 87.5 80.0 80.0 100.0 100.0 100.0 88.9 100.0 100.0 100.0 100.0 \00.0 80.0 100.0

NOTE: I
CONCEI

) WAS USED AS THE 'NPUT PARAMETER FOR METAL CONCENTRATlONS REPORTED AS ND.

IS ARE REPORTED IN.",.



ENVIRONMENTAL WET .TIIER MONITORING DATA
Alameda County

STATION L1 U I.l IA 1_<; 1.6 1.7 I.X 1.9 1.10 51 52 53 S4 55 56

Total Silver 1/ EVENTS 5 9 19 5 5 9 5 5 9 8 \0 9 9 5 7 5

MEANCONC 0.2 0.4 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.3 0.1 0.1 0.1 0.2 0.1

STD ERROR (MEAN) 0.0 0.3 0.1 0.1 00 0.0 0.0 0.0 0.0 0.0 0.2 0.1 0.\ 0.0 0.1 0.0

STD DEVIATION 0.0 0.5 0.1 0.1 00 0.0 0.0 0.0 00 00 0.3 0.1 0.\ 0.0 0.1 0.0

CY 0.3 J.I 0.6 0.8 0.0 0.0 0.0 00 0.0 0.3 0.9 0.7 0.7 0.0 0.8 0.0

lOth PERCENTILE 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 01 0.1 0.1 0.1 0.1 0.1

25th PERCENTILE 0.1 0.1 0.1 0.\ 0.\ 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

50th PERCENTILE 0.2 0.3 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1
<-

75th PERCENTILE 0.2 O.S 0.1 0.1 0.\ 0.1 0.1 0.1 0.1 0.1 0.5 0.1 0.1 0.1 0.2 0.1

90th PERCENTILE 0.2 0.7 0.2 0.3 0.1 0.1 0.1 0.1 0.\ 0.\ 0.8 0.2 0.2 0.\ 0.3 0.1

%ND 40.0 44.4 78.9 80.0 100.0 1000 100.0 100.0 88.9 87.5 50.0 17.8 88.9 100.0 71.4 100.0

-- -_._-------_........-....__...._......_--_....-..................-.__._.__......__...--- -----._--..._......._.__..--.._.__........................_........_..._..__......-

Dissolved Sliver II EVENTS S 9 18 5 S 9 5 S 9 7 10 9 9 S 7 5

MEANCONC 0.1 0.\ 0.1 0.1 0.\ 0.\ 0.\ 0.\ 0.\ 0.\ 0.1 0.\ 0.\ 0.\ 0.\ 0.\

STD ERROR (MEAN) 0.0 00 0.0 0.0 00 0.0 0.0 0.0 0.0 00 0.0 0.0 0.1 0.0 0.0 0.0

STD DEVIATION 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0

CY 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.3 OU 0.0 0.0 0.7 0.0 0.0 00

10th PERCENTILE 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.\ 0.1 0.\ 0.\ 0.\ 0.1

25th PERCENTILE 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

50th PERCENTILE 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

75th PERCENTILE 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 01 0.1 0.1 0.1 0.1 0.1 0.1 0.\

90\h PERCENTILE 0.1 0.1 0.1 0.1 0.1 0.1 0.1 01 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1

%ND \00.0 88.9 100.0 \00.0 100.0 100.0 \00.0 1000 100.0 100.0 100.0 100.0 88.9 100.0 \00.0 100.0

NOTE: IO_~'MDL) WAS USED AS TIlE INPlTT PARAMETER fOR METAL CONCENTRATIONS REPORTED AS ND.
CONCENTRAIONS ARE REPORTED IN 02/1.



EMVIRONMENTAL WET WEATHER MONITORING DATA
Alameda County

STATION LI L1 1.3 U 1.5 1.6 1.7 1.8 1.9 1.10 51 51 53 54 55 56

Total Zinc II EVENTS 5 9 19 5 5 9 5 5 9 8 10 15 20 5 17 5

I\fEANCONC 91.4 1057.8 6845.3 468.0 236.0 324.4 1062.0 37.2 355.0 556.3 153.2 145.2 132.3 234.0 70.5 90.4
STD ERROR (l\IEAN) 46.3 494.8 4031.4 101.6 40.8 71.6 1415.2 6.2 124.4 138.8 88.4 65.1 39.7 35.2 40.8 39.7

STD DEVIATION 50.2 584.4 5326.8 110.2 47.6 82.6 1769.5 7.4 152.0 158.2 110.2 89.8 53.9 41.3 52.5 ' 44.8

CV 0.5 0.6 0.8 0.2 0.2 0.3 1.7 0.2 0.4 0.3 0.7 0.6 0.4 0.2 0.7 0.5

10th PERCENTILE 33.2 574.0 2740.0 372.0 184.0 244.0 134.0 30.0 208.0 367.0 54.7 46.6 82.0 186.0 18.6 55.2

25th PERCENTILE 35.0 660.0 3395.0 390.0 190.0 260.0 140.0 30.0 260.0 407.5 82.0 86.8 91.1 210.0 27.0 60.0

50th PERCENTILE 110.0 780.0 4900.0 400.0 240.0 300.0 200.0 36.0 280.0 565.0 106.3 130.0 1J2.5 240.0 67.0 60.0

75th PERCENTILE 120.0 1300.0 8950.0 540.0 260.0 360.0 240.0 40.0 410.0 662.5 177.5 170.0 160.0 260.0 100.0 110.0

90th PERCENTILE 144.0 1900.0 12400.0 606.0 290.0 440.0 2856.0 46.0 516.0 721.0 314.5 230.0 163.0 278.0 135.0 146.0

%ND 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

--_.__..- ---l

D1ssolvrd Zinc 1# EVENTS 5 9 18 5 5 9 5 5 9 7 10 14 19 5 16 5

I\fEANCONC 15.2 403.9 3797.9 131.0 103.6 154.8 52.0 33.8 84.3 172.9

I
19.9 25.6 37.4 61.2 10.8 34.6

STD ERROR (MEAN) 20.3 279.6 2041.5 50.8 50.6 67.9 39.2 11.8 35.5 43.3 9.4 13.7 19.5 19.4 8.7 8.3

STD DEVIATION 25.4 411.2 3065.5 53.9 65.7 80.4 49.8 12.4 42.1 54.2 12.8 19.1 30.3 20.7 14.0 9.8

CV 1.7 1.0 0.8 0.4 0.6 0.5 1.0 0.4 0.5 0.3 0.6 0.7 0.8 0.3 1.3 0.3

10th PERCENTILE 2.5 131.0 1482.0 64.0 52.0 56.8 18.6 18.8 38.0 130.0 6.6 9.3 18.8 35.6 1.9 24.6

25th PERCENTILE 2.5 160.0 1800.0 85.0 70.0 93.0 27.0 20.0 44.0 130.0 11.5 11.8 21.8 44.0 2.5 30.0

50th PERCENTILE 2.5 230.0 3150.0 160.0 88.0 150.0 30.0 40.0 81.0 150.0 19.5 21.0 26.0 70.0 6.5 32.0

75th PERCENTILE 2.5 470.0 4300.0 170.0 90.0 220.0 40.0 43.0 120.0 190.0 23.4 27.5 40.0 80.0 11.6 40.0

90th PERCENTILE 40.6 700.0 6388.9 182.0 174.0 272.0 106.0 46.0 136.0 236.0 31.2 47.0 57.6 81.2 19.0 46.0

%ND 80.0 0.0 5.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10.0 0.0 0.0 0.0 37.S 0.0

NOTE: I
CONCEh

,WAS USED AS TIlE INPUT PARAMETER FOR METAL'CONCENTRATIONs REPORTED AS NO.
,is ARE REPORTED IN -If\.



.,,'

B.1.2 CONTRA COSTA



STATION SI S2

Total Aneni<: tlEVENTS 6 5

MEANCONC 3..1 5.2

STO ERROR (MEAN) 1.2 2.5

STO DEVIATION U 3.0

C\' 0..1 0.6

10th PERCENTILE 1.7 3.0

25th PERCENTILE 2.4 3.3

50th PERCENTILE 3.0 3.4

751h PERCENTILE 3.9 5.7

90th PERCENTILE 5.0 8.9

"laND 0.0 0.0

SUI\IMARY OF ENVIRONMEN1.. .\'ET WEATHER 1\I0NITOIHNG [lATA.
Contra Cmlll Count}'

NOTE: to.!·~mtl WAS USED AS TIlE INPUT PARAMETER fOR METAt CONnNTRA TlONS Rt:roRTEn AS NO.
CONCENTRAIONS AR£ REPORTF.O IN ....1



· SUMMARY OF ENVIRONMENTAL WET WEATHER MONITORING DATA
Contra Costa County

STATION 51 52

Total Cadmium 1# EVEmS 6 5

hlEANCONC 0.6 0.6

STD ERROR (MEAN) 0.3 0.5

STD DEVIATION 0.3 0.6

CV 0.5 1.1

10lh PERCEmlLE 0.2 0.2

25th PERCEmlLE 0.3 0.3

50th PERCEmlLE 0.6 0.3

751h PERCEmILE 0.8 0..1

90th PERCEmlLE 0.9 1.3

%ND 33.3 50.0

----- -_.. --------_.-

Di!5olnd Cadmium {# EVEmS 6 5

MEANCONC 0.2 0.2

SID ERROR (MEAN) 0.1 0.1

STD DEVIATION 0.1 0.1

CV 0.4 0.5

tOth PERCEmlLE 0.1 o. I

251h PERCEmlLE 0.1 0.1

50th PERCEmlLE 0.2 0.1

751h PERCEmlLE 0.3 0.3

90th PERCEmlLE 0.3 0.3

%ND 100.0 100.0

NOTE 'Ll WAS mEn AS THE INPUT PAlU/IIETER FOR MEUL CONCENTlUTlON5 REJ'ORTED AS NO.
CONC. .ONS ARE REPORTED IN q,t



SUMI\L\RY OF ENVIRONMENT~ .vET WEATIIEn MONITORING DATA
Control Cosla County

STATION SI S2

Total Chromium /I EVENTS 6 ~

MEANCONC 13.0 31.2

STn ERROR (MEAN) 7.4 29.1

STn DEVIAnON 9.0 36.2

CV 0.7 \.2

10th PERCENTILE 4.2 4.8

25th PERCENTILE 7.4 ~.7

50th PERCENTILE 10.7 11.0

75th PERCENTILE 17.~ 35.0

90th PERCENTILE 24.0 "14.0

°/.ND 0.0 0.0



SUMMARY OF ENVIRONMENTAL WE.T WEATHER MONITOR1NG DATA
Conlra Cosln Counly

STATION SI S2

Tolal Copper II EVENTS 6 5

MEANCONC 18.6 30.9

STD ERROR (MEAN) 8.1 19.7

STD DEllATION 9.0 25.3

CV 0.5 0.8

IOlh PERCENTILE 8.8 11.1

25th PERCENTILE 14.0 15.0

50th PERCENTILE 19.0 20.0

751h PERCENTILE 25.5 32.0

90th PERCENTILE 28.0 60.2

%ND 0.0 0.0

Di550lnd Copper II EVENTS 5 5

MEANCONC 8.\ 11.7

STD ERROR (l\IEAN) 4.2 1.4

STD DEllATION 5.5 8.1

CV 0.7 0.7

10th PERCENTILE 3.0 3.7

15th PERCENTILE 3.6 5.0

50th PERCENTILE 7.6 8.7

75th PERCENTILE 8.6 18.0

90lh PERCENTILE 14.2 21.6

%ND 0.0 0.0

NOT. Dl) WAS USED AS THE INPUT PARMIETER FOR METAL CONCEl'iTRATlONS REPORTED AS ND.
COl'lL. ...101'15 ARE R£!'ORTED IN UZ'L



SUI\IMARY OF ENVIRONMENTAL WET WEATHER MONITORING DATA
Contra Cu§ta Cuunt)'

STATION SI S2

Total r.lercury /I EVENTS 6 5

r.IEANCONC 0.1 0.2

S10 ERROR (MEAN) 0.0 0.1

STD DEVIATION 0.0 0.1

CV 0.0 0.5

10th PERCENTILE 0.1 0.1

25th PERCENTILE 0.1 0.1

50th PERCENTILE 0.1 0.1

751h PERCENTILE 0.1 0.3

90th PERCENTILE 0.1 0.3

%ND 100.0 60.0

NOT; Qll WAS USED AS TIlE INPUT PARAlIIETER FOR lIIETAL CONCENTRATIONS REPORTED AS NO.
CONC. ..101'15 ARE RD'ORTED tN "1,1.



SUMMARY OF ENVIRONI\tENlh~WET WEATlIER I\IONITORING DATA
Contra Costa Count~·

STATION S\ S2

Total Lead #I EVENTS 6 5

MEANCONC 43.1 26.5

STD ERROR (MEAN) 24.3 21.8

STD DEVIATION 27.6 27.6

CV 0.6 1.0

10th PERCENTILE 13.2 8.2

25th PERCENTILE 25.5 8.8

50th PERCENTILE 42.5 \4.0

75th PERCENTILE 58.8 21.0

90th PERCENTILE 73.5 57.0

%ND 0.0 0.0

----_.
Dissolnd Lead #I EVENTS 6 5

MEANCONC 1.8 2.1

STD ERROR (MEAN) 1.4 21

SID DEVIATION 1.7 2.6

CV 0.9 1.2

10th PERCENTILE' 0.5 O.S

25th PERCENTILE 0.5 0.5

50th PERCENTILE 0.9 1.0

75th PERCENTILE 2.5 1.4

90tb PERCENTILE 4.0 4.9

%ND SO.O 40.0

NOTE: (D.!·~mL)WAS USED AS TIlE INPUT PAIUJ\IETER fOR METAL CONCENTRATIONS REPORTED AS ND.



SUMMARY OF EN\'lRnNI\IEN1~._WET WEATIIElt I\IONITOIUNG DATA
Contra Cmtn Count)'

STATION 51 52

Total Nickel II EVENTS 6

MEAN CONC 21.8 47.1

STD ERROR (MEAN) 8.9 4U

STD DEVIATION 11.3 49.8

CV 0.5 1.1

10th PERCENTILE 8.9 9.1

25th PERCENTILE 15.8 10.0

50th PERCENTILE 2U 19.0

75th PERCENTILE 28.8 58.0

90th PERCENTILE 35.0 107.2

°loND 0.0 0.0

NOTE: (O.s·~mLJ WAS USED AS nlE INPUT PARAMETER rOR METAL CONCENIRAnONS RErORHIlAS NIl.
CONCENTRAIONS ARE REPORIED IN ..~.



STATION SI S2

Total Selenium # EVENTS 6 S

I\fEANCONC 0.3 0.4

STD ERROR (MEAN) 0.1 0.2

STD DEVIATION 0.1 0.3

CV O.S 0.6

10th PERCENTILE 0.2 0.2

25th PERCENTILE 0.2 0.3

50th PERCENTILE 0.3 0.4

751h PERCENTILE 0.4 0.6

90lh PERCENTILE O.S 0.7

"foND 0.0 0.0

SUMMARY OF ENVmONl'tIENTAL WET WEATHER l\IONITORING DATA
Contra Costa COl/nt}·

Non lLI WAS USED AS mE INPUT PARAMETER FOR METAL CONCENTRAnONS RErORTED AS l'lD.
CONC.. .IONS AIlE REPORTED IN "l,1.



SUMMARY OF ENVIRONMEN1. tVET WEATIIEH I\IONITOHING nATA
Contra COJta Count)'

STATION SI S2

Tolal Silnr /I EVENTS 6 5

MEANCONC 0.3 0.3

STD ERROR (MEAN) 0.2 0.2

STD DEYIATION 0.2 0.2

CY 0.8 0.6

10th PERCENTILE 0.1 0.1

251h PERCENTILE 0.1 0.1

50th PERCENTILE 0.3 10.3

751h PERCENTILE 0.3 O.S

90th PERCENTILE 0.6 O.S

"IoND 66.1 60.0

-_.._......_..........-_....._..._--......__.._._-----..._........ ._........_-_.__._-._-_...

m••ohed Silnr /I EYENTS 6 5

r.IEANCONC 0.2 0.2

STn ERROR (MEAN) 0.\ 0.1

STD DEVIATION 0.1 0.1

CV OA O.S

10th PERCENTILE 0.1 0.1

25th PERCENTILE 0.1 0.1

50lh PERCENTILE 0.2 0.1

75th PERCENTILE OJ 0.3

90th PERCENTILE 0.3 0.3

o/~ND 100.0 100.0

-----------
NOTE: ('.5·~mL' WAS unD AS mE INPUT PARAMETER fOR METAl. CONCEr<TRATIONS RtTORTEP AS 1'011­
C:<lNCENTRAIONS ARE REPORTED IN ..~.



SUl\IMARY OF ENVIRONl\IENTALWET WEATHER MONITORING DATA
Contra Cosla County

STATION 51 51

Total Zinc ##EVENT5 6 1

~IEANCONC 233.8 118.0

STD ERROR (MEAN) 165.4 61.6

STD DEVIATION 227.9 86.3

CV \.0 0.7

10th PERCENTILE 86.3 4-t4

25th PERCENTILE 152.5 48.0

50th PERCENTILE 160.0 t 100.0

75th PERCENTILE 175.0 120.0

90th PERCENTILE 451.0 216.0

%ND 0.0 0.0

Di••olnd Zinc ##EVENTS 6 5

MEANCONC 70.1 23.2

STD ERROR (MEAN) n9 6.6

STD DEVIATION 69.7 7.4

CV 1.0 0.3

10th PERCENTILE 23.9 14.6

25th PERCENTILE 28.8 17.0

50th PERCENTILE 37.0 25.0

75th PERCENTILE 70.0 27.0

90th PERCENTILE 149.5 31.2

%ND 0.0 0.0

NOT, JL) WA< USED AS nlE INPUT PARAMETER FOR METAL CONCENTRATIONS REPORTEO AS !'on.
CONl .0NS ARE REPORTED IN qL



. \.~ ..-

B.1.3 SANTA CLARA



ENvmONMENTAL WEl ~ATIIERMONITORING I"lATA
Santa Chlnl CUllnt)'

STATION Lt 11 LJ IA 1.5 1.6 1.7 L9 SI S2 S3 S4

Tolal Anenic # EVENTS 4 23 S 2 5 4 12 19 20 21 33

MEANCONC 0.6 1.9 0.6 0.5 O.S 1.6 1.4 2.2 2.4 1.9 2.2 3.3

STD ERROR (MEAN) 0.2 1.0 0.2 0.0 0.0 0.9 1.3 1.4 1.6 0.9 1.1 1.2

STD DEVIATION 0.2 u 0.2 0.0 0.0 1.0 U 1.9 2A 1.1 1.4 1.6

CV 0.3 0.8 0.3 0.0 0.0 0.6 \.I 0.8 1.0 0.6 0.6 0.5

10th PERCENTILE O.S O.S O.S 0.5 0.5 0.5 0.5 0.5 OJ 0.5 O.S 1.4

25th PERCENTILE O.S 1.0 O.S O.S 0.5 O.S 0.5 0.9 0.9 1.2 1.3 2.6

50th PERCENTILE O.S 1.4 O.S O.S O.S 2.0 OS 1.9

I
1.8 1.6 1.8 3.0

75th PERCENTILE 0.6 2.3 O.S O.S O.S 2.0 1.4 3.0 3.0 3.0 3.1 4.1

90th PERCENTILE 0.9 3.0 0.8 0.5 0.5 26 3.0 n 4.4 3.0 4.0 S.3

a/aND 1S.0 17.4 80.0 100.0 100.0 40.0 75.0 25.0 I 21.1 20.0 18.S 9.1

_...._._......._-_._.._......_..__._-_.__..------. .--.-..--.--..--...- ...--.-.......- ...-......-.-..............-.....-.................-.....................······································r···········-···..•- .........--_..._._-._..--.__.-

OIssoh'ed Anenic # EVENTS 2 2 2 2 2 0 I 2 2 2

MEAN CONC O.S 0.5 0.5 OS 0.5

I
OJ O.S O.S

STD ERROR (MEAN) 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0

STD DEVIATION 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
I
I

cv 0.0 0.0 0.0 0.0 O.ll I 0.0 0.0 0.0

10th PERCENTILE O.S 0.5 0.5 0.5 O.S I 0.5 O.S O.SI
I

25th PERCENTILE O.S 0.5 O.S 0.5 O.S I 0.5 O.S O.SI
I

50th PERCENTILE O.S 0.5 0.5 0.5 0.5 ! 0.5 0.5 O.S

151h PERCENTILE O.S O.S 0.5 0.5 O.S I O.S 0.5 O.S

90th PERCENTILE O.S O.S O.S O.S 0.5 O.S O.S O.S

%ND 100.0 100.0 100.0 100.0 100.0 t 100.0 100.0 100.0!

NOTE: (O.!·~IDLI WAS USED AS THE INPUT PAIUMEURfORME.TALCONCENTlU.lIONS RH'ORlH\ ASND.
CONCENTRAION! ARE REPORTED IN ..>L



ENVIRONMENTAL WET WEATHER MONITORING DATA
SantsTlara County

/'lOT .Wl, WAS UUD AS TIlE INPUT PARAIIIETER rOR METAL CONCENTRATIONS REPORTED AS riD.
COI'lC.....MIONS ARE REPORTED 1/'1 a:1J.

!



ENvrnONMENTAL WE·I. iATIIERl\10NITORING DATA
Sonlo Claro County

STATION LI L2 L3 1..1 1.5 L6 1.7 1.9 St S2 53 S4

Tolal Cadmium /I EVENTS 4 23 S 2 S 5 .. 12 19 20 21 33

~fEANCONC U 4.6 U 1.3 20 1.8 0.7 2.6 1.0 1.4 0.8 1.0

STD ERROR (MEAN) 1.2 2.3 1.0 0.1 1.2 1.0 0.7 2.3 0.6 0.9 O.S 0.6

STD DEVIATION U 4.1 1.3 0.1 1.3 1.2 0.8 3.8 0.9 1.3 0.9 0.9

CV 1.0 0.9 0.9 0.5 0.6 0.6 1.1 U 0.9 0.9 1.1 0.9

lOth PERCENTILE 0.4 2.1 0.6 0.1 0.9 1.0 0.1 0.8 0.4 0.5 0.\ 0.3

25th PERCENTILE 0.8 2.1 1.0 1.0 1.0 1.0 0.2 0.9 0.5 0.6 0.4 0.5

50th PERCENTILE 1.0 3.2 1.0 1.3 1.0 1.0 0.3 1.2 0.1 1.0 0.5 0.1

15th PERCENTILE 1.8 S.O 1.0 1.1 3.0 2.0 0.8 22 1.2 1.1 0.8 1.0

90th PERCENTILE 3.1 6.5 2.8 1.9 3.6 3.2 U 3.5 1.9 2.2 1.6 1.8

°loND 15.0 0.0 0.0 0.0 0.0 0.0 25.0 0.0 0.0 0.0 14.8 3.0

_.._..........._-_..._.._.._._.._....._._-------_.. I........•_....._-_.__._-...-._.._....._...__....__...-............................__._............•................................_......._..........................._.............-._.._....._............._....._._._-._.._..._---

Dissoh'ed Cadmium /I EVENTS 11 2 2 2 2 12 I 2 14 21 21

r.fEANCONC 1.2 0.2 0.2 0.2 0.1 0.2

I
0.\ 0.\ 0.\ 0.\

STD ERROR (MEAN) 0.6 0.1 0.1 0.1 0.0 0.1 0.0 0.0 0.0 0.\

STD DEVIATION 0.8 0.1 0.\ 0.1 0.0 0.1 0.0 0.1 0.0 0.1

CV 0.1 0.5 0.5 0.5 0.0 0.4 I 0.0 0.5 0.4 0.1

10th PERCENT\LE 0.5 0.1 0.12 0.1 0.1 0.1 I 0.\ 0.1 0.\ 0.1

25th PERCENTILE 0.6 0.2 0.15 0.2 0.\ 0.2 I 0.\ 0.\ 0.\ 0.1

50th PERCENTILE 0.9 0.2 0.2 0.2 0.1 0.2 0.1 0.\ 0.\ 0.\

15th PERCENTILE U 0.3 0.25 0.3 0.1 0.2 I 0.1 0.1 0.1 0.\

90th PERCENTILE 2.4 0.3 0.28 0.3 0.1 0."
i

0.1 0.2 0.2 0.2!
%ND 0.0 50.0 50.0 50.0 100.0 16.1 i 526 85.1 85.1 8U

NOTE: (O.S"MDL) WAS USED AS nlE INPUT PAlWIlETER FOR METAL CONCENTRAnoNS REPORTED AS ND.



STATION TI T2

Total Cadmium II EVENTS 12 II

MEANCONC 4.2 1.3

STD ERROR (MEAN) 2.4 0.3

STD DEVIATION 3.8 0.4

CV 0.9 0.3

10th PERCENTILE 1.6 0.9

25th PERCENTILE 1.9 1.1

50th PERCENTILE 3.S 1.2

75th PERCENTILE 4.6 1.4

90th PERCENTILE S.S 1.4

%ND 0.0 0.0

Dissolnd Cadmium II EVENTS 12 II

MEANCONC 0.3 0.3

STD ERROR (MEAN) 0.2 0.1

STD DEVIATION 0.2 0.1

CV 0.6 0.4

10th PERCENTILE 0.1 0.2

25th PERCENTILE 0.2 0.3

50th PERCENTILE 0.3 0.3

75th PERCENTILE O.S O.S

90th PERCENTILE 0.6 O.S

%ND 2S.0 9.1

ENVrnONI\IENTAL WET WEAnlER MONITORING DATA
Santa Clara County

NOT! DLI \V,\S USED ,\S TIlE INPUT PARAMETER FOR METAL CONCENTIlATIONS RErORTED AS NO.
CONe.. .IONS AR£ REPORTED IN "1:<1.



ENVIRONI\IENTAL \VEl .. iATHER MONITORING DATA
Santa Clara County

STATION LI L2 L3 L4 1.5 1.6 1.7 1.9 51 52 S3 S4

Total Chromium #I EVENTS 4 20 5 2 5 5 4 12 17 20 25 30

MEAN CONC IU 3S.1 10.6 22.0 20.4 29.6 12.0 24.2 57.0 26.7 33.8 26.5

STD ERROR (MEAN) 4.0 26.5 3.9 1.0 9.4 17.8 5.0 12.9 37.5 IS.O 23.3 18.S

STD DEVIATION 4.8 44.6 4.0 1.0 13.2 22.4 6.3 16.0 48.S 20.6 29.3 25.S

CV 0.4 1.3 0.4 0.0 0.6 0.8 0.5 0.7 0.9 0.8 0.9 1.0

10th PERCENTILE 6.9 9.6 7.0 21.2 8.6 14.8 6.2 13.0 18.2 3.7 S.6 5.8

251h PERCENTILE 8.3 IU 7.0 21.5 17.0 16.0 8.0 13.8 26.0 9.S 11.0 7.8

50th PERCENTILE 10.5 20.0 8.0 22.0 19.0 21.0 10.5 16.5 33.0 29.0 23.0 19.0

751h PERCENTILE 13.8 37.3 15.0 22.S 19.0 23.0 I·U 30.5 76.0 34.0 51.0 29.5

90lh PERCENTILE 16.9 75.1 15.6 22.8 3-tO 53.6 19.0 41.6 109.6 43.7 76.4 73.1

%ND 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0

_....•....._..~_._-_ ......._--_.._.__._-------_._.. ._.-.__._.-._--_._--_..•...._._ .._...._.._.........__.-..........- ••....•._..__.....__...................._...._.........._._.....•._.._..__ . ......_.....-._.__...._.._.._.._---_.__.__._-..-

Dissoh'ed Chromium #I EVENTS 3 2 2 2 2 0 2 2 3

MEANCONC 4.S 1.0 1.5 U \.0 0.1 1.0 0.8

STD ERROR (MEAN) 2.0 0.0 O.S 0.5 0.0 0.0 0.0 0.2

STD DEVIATION 2.1 0.0 O.S O.S 0.0 0.0 0.0 0.2

CV O.S 0.0 0.3 0.3 00 0.0 0.0 0.3

10th PERCENTILE 2.5 1.0 1.\ 1.\ \.0 0.1 1.0 0.6

25th PERCENTILE 3.8 1.0 1.2S 1.3 1.0 0.1 1.0 0.8

50th PERCENTILE 6.0 LO 1.5 U 1.0 0.1 1.0 1.0

75th PERCENTILE 6.0 1.0 I.1S 1.8 1.0 0.1 \.0 1.0

90th PERCENTILE 6.0 1.0 1.9 1.9 1.0 0.1 \.0 1.0

%ND 0.0 0.0 0.0 0.0 0.0 0.0 0.0 33.3

NOTE: to.5·~mLI WAS USED AS nlE INI'UT PARAMETER FOR METAL CONCENTIUTIONS REPORTEIl AS NO.



STATION TI T2

Total Cbromium II EVENTS 12 II

MEANCONC SO.4 16.8

STD ERROR (MEAN) 18.7 3.3

STD DEVIATION 2S.S 4.7

CV O.S 0.3

10tb PERCENTILE 28.0 12.0

25tb PERCENTILE 37.0 14.0

50tb PERCENTILE 43.0 16.0

75tb PERCENTILE 5S.8 17.S

90tb PERCENTILE 74.2 21.0

°loND 0.0 0.0

Dissolnd Chromium t#EVENTS 4 3

MEANCONC 1.1 1.9

STD ERROR (MEAN) 0.6 0.8

STDDEVIATION 0.7 0.9

CV 0.7 O.S

10tb PERCENTILE O.S 1.2

25tb PERCENTILE O.S 1.3

50th PERCENTILE 0.8 1.4

75tb PERCENTILE 1.3 2.3

90tb PERCENTILE 1.9 2.8

%ND SO.O 0.0

ENVffiONMENTAL WET WEATHER MONITORING DATA
Santa Clara County

Non 'DLI WAS USED AS THE INPUT PAR.\l\IE:TER FOR METAL CONCENTRATIONS REPORTED AS NO.
CONL,-. _..dONS ARE REPORTED IN 1II1J.



ENVIRONMENTAL WET .. iATfiER MONITORING DATA
Santa Clara County

STATION LI L2 LJ IA 1.5 1.6 1.7 1.9 SI 52 SJ S4

Total Chromium (VI) II EVENTS 2 6 2 2 4 3 3 0 6 6 S 6

MEANCONC S.O S.O S.O S.O S.O S.O S.O S.O S.O S.O S.O

STD ERROR (MEAN) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

STD DEVIATION 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0

CV 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

10th PERCENTILE S.O S.O S.O S.O S.O S.O S.O S.O S.O S.O S.O

25th PERCENTILE S.O S.O S.O S.O S.O S.O S.O S.O S.O S.O S.O

50th PERCENTILE 5.0 S.O S.O S.O S.O S.O S.O S.O S.O S.O S.O

75lh PERCENTILE 5.0 S.O S.O S.O S.O S.O S.O S.O S.O S.O S.O

90th PERCENTILE 5.0 S.O SO S.O S.O S.O S.O S.O S.O S.O H

%00 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

._.._.__...._.._.......-..........__......._---------_...-_. .......__._--...__.-.._--_.__..__.............-_._............_......._......_...._..........................__...._...........- ........................__... ...._.....-._.__...._.-..._-_._._~-_._----

o;..oh·cd Chromium (VI) II EVENTS 2 2 2 2 2 0 2 2 2

MEANCONC S.O S.O S.O S.O S.O S.O S.O S.O

5TD ERROR (MEAN) 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0

STD DEVIATION 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

CV 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0

10th PERCENTILE S.O S.O S.O S.O SO S.O S.O S.O

25th PERCENTILE S.O S.O S.O S.O S.O S.O S.O S.O

50th PERCENTILE S.O S.O S.O S.O S.O S.O S.O S.O

75th PERCENTILE S.O S.O S.O S.O S.O - S.O S.O S.O

90th PERCENTILE S.O S.O S.O S.O S.O S.O S.O S.O

0/000 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

NOTE: (O.S·~IDt.J WAS USED AS nlE INPUT PARAMETER FOR METAL CONCENTRATIONS REPORTED AS Ml.



ENVIRONMENTAL WET WEATHER MONITORING DATA
Santa Clara COllnt}·

STATION LI L2 1.3 104 1.5 1.6 1.1 1.9 I SI S2 S3 S4

Total Copper
!

1# EVENTS 4 23 5 2 5 -I II i 18 20 27 33
I

MEANCONC 42.3 54.6 2-1.0 30.5 96.9 51.8 10.5 51.8 I 52.1 6\.6 35.7 32.9·.!
STD ERROR (MEAN) 17.8 25.6 4.8 2.5 89.2 16.6 3.3 31.1 I 21.8 34.2 22.6 15.6

STD DE\lATlON 18.3 45.9 6.2 2.5 113.8 21.5 -1.3 61.6 I 32.2 63.9 34.0 25.1

CV 0.4 Oe8 0.3 0.1 1.2 0.-1 0.-1 1.2
!

0.6 \.0 1.0 0.8I
10th PERCENTILE 23.1 23.2 11.2 28.5 11.9 29.-1 6.1 11.0 i 20.7 23.9 7.1 14.0

I

25th PERCENTILE 26.3 29.0 22.0 29.3 4·tO 39.0 9.3 20.0 · 29.0 21.8 11.5 20.0!

50th PERCENTILE 4U 41.0 25.0 30.5 50.0 5-1.0 11.0 29.5 I -10.5 52.5 26.0 26.0·I
15th PERCENTILE 51.5 59.5 26.0 31.8 10.0 55.0 12.3 56.5 I 11.8 60.5 44.3 33.0

90th PERCENTILE 62.0 80.2 30.2 32.5 220.0 14.8 1-1.5 58.0 I 95.0 96.-1 56.8 59.8I

°loND 0.0 0.0 0.0 0.0 20.0 0.0 0.0 0.0 ! 5.6 0.0 0.0 0.0
I

---------- I-.-.-.------.--..-.----.---.........................................._..._.........__....._-1".__....._.-

. I
Dissoh'ed Copper 1# EVENTS 16 2 2 2 2 12 · 1-1 1-1 21 26IMEANCONC 12.-1 7.5 9.5 9.0 6.5 .6.0 I 6.6 6.9 5.8 5.2

STD ERROR (MEAN) 5.0 U 2.5 0.0 2.5 2.0 I \.9 2.3 3.1 20

STD DEVIATION 8.6 U 2.5 0.0 2.5 2.-1 i 2.2 2.6 5.9 3.1!
CV 0.1 0.2 0.3 0.0 0.-1 0.-1 ! 0.3· 0.4 1.0 0.6

I

10th PERCENTILE 5.3 6.3 1.5 9.0 -1.5 3.1 I 3.9 4.0 27 2.8

25th PERCENTILE 8.2 6.8 8.3 9.0 5.3 -1.1 ~ 5.0 -1.9 3.2 3.1

50th PERCENTILE 11.0 1.5 9.5 9.0 6.5 5.5

1

6.1 6.2 4.1 4.5

15th PERCENTILE 13.3 8.3 10.8 9.0 1.8 1.5 8.6 9.1 6.0 5.9

90th PERCENTILE 16.0 8.7 11.5 9.0 8.5 9.9 9.1 10.1 8.0 1.5

°loND 0.0 0.0 0.0 0.0 0.0 0.0 ! 0.0 0.0 0.0 0.0

NOTE. JL) WAS USED AS TIlE INPUT PAlWlIETER FOR ~IETALCONCENTRATIONS IlEPOilTED AS N1>.
CONCl. .IONS ARE RE.!'ORTED IN "1.1.



STATION TI T2

Total Copper II EVENTS 12 II

I\IEANCONC S4.3 29.8

STD ERROR (MEAN) 20.3 1.0

STn DEVIATION 22.8 11.6

CV 0.4 0.4

10th PERCENTILE 24.S 22.0

25th PERCENTILE 30.S 24.S

50lh PERCENTILE S9.0 21.0

15th PERCENTILE 72.0 30.S

90lh PERCENTILE 16.8 33.0

°/oND 0.0 0.0

~ ..._..__......__......._..._._...........,._--._.._--.--_._----.-.. ._........._....._---_...._....•••........

Dissoh-ed Copper II EVENTS 10 II

IIIEANCONC 8.S 9.4

STn ERROR (IIIEAN) 2_6 2.1

STn DEYIAnON 2.9 3.4

n' 0.3 0.4

IOlh PERCENTILE S.4 6.9

251h PERCENTILE 6_0 1.3

50th PERCENTILE 7.6 8.2

75th PERCENTILE IU 10.6

90th PERCENTILE 12.1 l·tO

%ND 0.0 0.0

ENVIRONMENTAL WET " ",ATlllm MONITORING nATA
Sonto Claro COllllt)·

NOTE: IO.~·~mLl WAS USED AS TIlE INPUT FARAMETER fOR METAL CONc[NTR.~T10NS RI:rORTED AS I'm.
rONr5:"IVT1IJ.lnN~ JJlr:' OJ,"PODTSOn .N .......



ENVlRONl\lENTAL WET WEATIIER MONITORING nATA
Santa Clara Counly

STATION Lt L2 L3 1..1 1.5 1.6 1.7 1.9 51 52 SJ S4

Total Lead NEVENTS 4 23 5 2 5 -I 12 19 20 27 33

MEANCONC 173.3 120.6 43.6 5.5 112.3 73.4 5.1 108.5 41.1 67.7 46.9 41.2

STD ERROR (MEAN) 210.9 71.6 8.9 I.S 81.1 H9 5.4 74.1 23.2 35.0 33.3 23.1

STD DEYIATION 243.7 140.3 9.8 1.5 108.2 -17.1 6.3 113..1 26.8 5-1.4 54.2 36.8

CY 1.4 1.2 0.2 0.3 1.0 0.6 1.2 1.0 0.7 0.8 1.2 0.9

10lh PERCENTILE 23.1 41.0 32.0 4.3 18.3 16.2 0.7 33.0 15..1 28.9 5.6 14.2

25th PERCENTILE 30.8 54.5 35.0 4.8 -15.0 30.0 0.9 45.8 21.5 345 13.0 21.0

50th PERCENTILE 40.0 86.0 45.0 5.5 91.0 90.0 2.0 73.5 32.0 57.5 32.0 32.0

75th PERCENTILE 182.5 130.0 53.0 6.3 110.0 110.0 6.3 108.0 6S.S 80.3 49.S 420

90th PERCENTILE 430.0 148.0 S4.2 6.7 233.0 122.0 12.1 159.0 79.2 98.4 86.2 60.0

o/.ND 0.0 0.0 0.0 0.0 20.0 0.0 2S.0 0.0 0.0 0.0 0.0 0.0

-------.---.-----.--.-..--..--....- ..-....- ......-.-...···-----··-···-r-------
I

Dissolved Lead # EVENT5 17 2 2 2 2 12 1-1 14 21 27

MEANCONC 8.2 O.S 1.3 1.8 0.5 3.4 I.S 1.6 1.1 U

STD ERROR (MEAN) SA 0.0 0.8 1.3 0.0 1.9 1.0 1.3 0.8 U

STD DEVIATION 6.4 0.0 0.8 1.3 0.0 2.5 1.1 1.5 1.2 2.S

CY 0.8 0.0 0.6 0.7 0.0 0.7 0.8 0.9 1.1 1.6

10th PERCENTILE 2.2 0.5 0.7 0.8 0.5 0.6 O.S 05 0.5 O.S

25th PERCENTILE 3.1 O.S 0.9 1.1 05 2.0 O.S O.S O.S O.S

50th PERCENTILE S.S 0.5 1.3 1.8 0.5 2.8 0.9 O.S O.S O.S

75th PERCENTILE 10.5 O.S 1.6 2.-1 0.5 -1.2 2.3 2.6 1.0 0.9

90rh PERCENTILE 18.4 O.S 1.9 2.8 0.5 7.0 2.8 3.0 3.0 3.4

O/.ND 0.0 100.0 SO.O 50.0 100.0 16.7 50.0 57.1 63.6 74.1

NOT. \l)Ll w,U usn>;U TIli.ll'1'UT P.\lUllli.Ti.R lOR1Ili."T-'1. CONCEN"T1UTIONS RErORTED -'S ron.
CONCt.... . _.""101'15 ARE REPORTED IN azll.



STATION II T2

Tol.1 Le.d /I EVENTS 12 II

I\IEANCONC 114.6 152.5

STD ERROR (MEAN) 45.4 60.5

STD DEVIATION 54.6 87.4

CV 0.5 0.6

10lh PERCENTILE 44.3 96.0

25th PERCENTILE 70.3 98.5

50lh PERCENTILE 115.0 \20.0

75th PERCENTILE 162.5 155.0

90lh PERCENTILE 119.0 230.0

"foND 0.0 0.0

.-..-..._....._......•_.__.._..._-..__.._-_..-.__.._--_...-..- ..__....._...._..........._....._._...

lJissoh'ed Le.d /I EVENTS 12 II

hlEANCONC 2.8 9.0

STD ERROR (MEAN) 2.3 B

STD DEVIAnON 2.5 6.6

CV 0.9 0.1

10th PERCENTILE 0.5 1.9

251h PERCENTILE 0.5 2.7

50th PERCENTILE 1.8 11.0

7SIh PERCENTILE S.I 13.5

90th PERCENTILE 6.0 14.0

"foND 50.0 0.0

ENVIIWNl\lENTAL WE') .. iATIIER 1\1ONITORING DATA
Sanla Claro Cuunt}'

/'IOTE: to.s·~mLI WAS USED AS TIlE INPIJT PARAJIIETER FOR METAL CO/'lCEI'tTRATlO/'lS Rt:rORTED AS Ml.
r.ONr.J"~AfONlt.&Rf' ll~pnIlT"n IN_,



ENVIRONMENTAL WET WEATHER MONITORING DATA
Santa Clara County

STATION LI L2 L3 IA L5 1.6 1.7 L9 51 52 53 54

Total Mercury I#EVENT5 4 23 5 2 5 5 .. 12 19 20 27 33

MEANCONC 0.4 0.3 0.1 0.1 0.7 0.6 0.6 0.1 0.3 0.3 0.4 0.2

STD ERROR (l\fEAN) 0.3 0.3 0.0 0.0 0.9 0.6 0.7 0.0 0.2 0.3 0.4 0.2

STD DEVIATION 0.4 0.8 0.0 0.0 1.2 0.7 0.8 0.1 0.4 0.6 0.8 0.6

CV 1.1 2.9 0.3 0.0 1.7 1.3 1.3 0.5 1.6 2.3 21 2.5

10th PERCENTILE 0.1 0.1 0.1 0.\ 0.1 0.\ 0.\ 0.\ 0.\ 0.1 0.1 0.\

25th PERCENTILE 0.\ 0.1 0.\ 0.1 0.1 0.\ 0.1 0.1 0.1 0.1 0.1 0.1

50th PERCENTILE 0.2 I 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1
'.

75th PERCEl'ITILE 0.4 0.1 0.2 0.\ 0.1 0.6 0.7 0.1 0.2 0.1 0.1 0.1

90th PERCEl'ITILE 0.8 0.2 0.2 0.\ 1.8 IA U 0.2 0.3 0.3 0.6 0.2

%ND 50.0 87.0 60.0 \00.0 80.0 60.0 50.0 83.3 52.6 80.0 17.8 8\.8

------·-----·-··-·--:--··--l--·
Dissoh'ed Mercury 1# EVENTS 5 2 2 2 2 3 5 6 S 6

l\IEANCONC 0.1 0.\ 0.\ 0.1 0.1 0.\ I 0.1 0.1 0.\ 0.\

STD ERROR (MEAN) 0.0 0.0 o 0.0 0.0 0.0 0.0 0.0 0.0 0.0

STD DEVIATION 0.0 0.0 0 0.0 0.0 0.0 I 0.0 0.0 0.0 0.0

CV 0.0 0.0 0.0 0:0 0.0 0.0 0.0 0.0 0.0 0.0

\Oth PERCENTILE 0.\ 0.1 0.1 0.1 0.1 0.\ 0.1 0.\ 0.\ 0.\

25th PERCENTILE 0.1 0.\ 0.1 .0.\ 0.1 0.1 0.\ 0.1 0.1 0.1

50th PERCENTILE 0.1 0.1 0.1 0.1 0.1 0.\ 0.1 0.1 0.\ 0.\

75th PERCENTILE 0.1 0.\ 0.1 0.1 0.1 0.1 0.1 0.1 0.\ 0.1

90th PERCEl'ITILE 0.1 0.\ 0.\ 0.1 0.\ 0.\ 0.1 0.1 0.1 0.1

%ND \00.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 \00.0

NOT WI.) WAS USED AS TIlE INPUT PAR.\l\IETER FOR METAI. CONCENTRATIONS RErORTrO AS N>.
CON<- ..dONS ARE REPORTED IN "1.1.



STATION T1 T2

Tolal Mercury "EVENTS 9 8

MEAN CONC _~I__.0.1

STD ERROR (MEAN) 0.0 0.0

STD DEVIATION 0.0 0.1

CV 0.0 0.5

10th PERCENTILE 0.1 0.1

251h PERCENTILE 0.1 0.1

50lh PERCENTILE O.t 0.1

75th PERCENTILE 0.1 0.1

90th PERCENTILE 0.1 0.2

%ND 100.0 87.5

OiS5ol.-ed T\lercury #I EVENTS <1 ..
T\IEANCONC 0.1 0.1

STn ERROR (MEAN) 0.0 0.0

SID DEVIATION 0.0 0.0

CV 0.0 0.0

10lh PERCENTILE 0.1 0.1

25th PERCENTILE 0.1 0.1

50lh PERCENTILE 0.1 0.1

75th PERCENTILE 0.1 0.1

90th PERCENTILE 0.1 0.1

%ND 100.0 100.0

ENVIRONI\IENTAL WE l . iATHER MONITORING DATA
Santa Clara Clltlnt)'

NOTE: IO.5·~0>1.) WAS USE[) AS nit: 1I\1'IJT P.\IUlIIETER FOR METAl. CONCENTRATIONS REPORTED AS /'Ill.



. ENVmONI\1ENTAL WET WEATIIER MONITORING DATA
Santa Clara Count)'

STATION L1 1.2 1.3 L4 1.5 1.6 J.7 1.9 I 51 52 S3 54

Total Nickel /I EVENTS 4 23 S 2 S S 4 12 19 20 21 33

MEANCONC 132.8 53.1 20.8 39.0 0.1 48.0 0.6 51.2 98.2 4S.3 68.0 61.8

STD ERROR (r.1EAN) IS8.6 26.6 11.4 21.0 0.9 33.6 0.7 39.S 6S.8 27.1 41.8 46.1

STD DEVIATION 183.6 31.0 13.3 21.0 1.2 38.0 0.8 S4.0 83.S 33.4 SI.I 63.9

CV 1.4 0.1 0.6 O.S 1.1 0.8 1.3 1.0 0.9 0.1 0.8 1.0

10th PERCENTILE 16.6 21.0 6.6 22.2 0.1 11.8 0.1 16.-1 IS.8 14.1 9.6 12.0

25th PERCENTILE 11.S 30.S IS.O 28.' 0.1 28.0 0.1 21.S 38.0 I1.S 23.0 22.0

50th PERCENTILE 32.S 40.0 18.0 39.0 0.1 31.0 0.2 28.8 62.0 34.0 6S.0 39.0

15th PERCENTILE 141.8 S9.0 30.0 49.S 0.1 70.0 0.7 7S.3 136.8 61.3 103.0 18.0

90th PERCENTILE 329.1 84.8 36.0 SS.8 1.8 94.0 I.S 84.1 209.0 93.0 142.0 144.0

"laND 0.0 0.0 20.0 0.0 20.0 20.0 2S.0 8.3 S.3 S.O 0.0 0.0

---------_._----_.__......•..•--_..

Di550lved Nickel /I EVENTS I 2 2 I 2 2 2 0 2 2 I 2

MEANCONC - 1.0 2.S - 0.1 6.0 3.S - 3.0 3.0 - 1.0

STD ERROR (MEAN) - 1.0 I.S · 0 2.0 2.S - 2.0 2.0 . 1.0

STD DEVIATION - 1.0 I.S · 0 2.0 2.S - 2.0 2.0 - 1.0

CV - 0.1 0.6 · 0.0 0.3 0.7 - 0.7 0.1 - 0.1

10th PERCENTILE - 6.2 1.3 - 0.1 4.-1 I:S -

I
1.4 1.4 . 6.2

25th PERCENTILE · 6.S 1.8 · 0.1 S.O 2.3 - 2.0 2.0 - 6.S

50th PERCENTILE · 1.0 2.S · 0.1 6.0 3.5 - 3.0 3.0 - 1.0

15th PERCENTILE - 7.S 3.3 - 0.1 1.0 4.8 - i 4.0 4.0 - 1.S
I

90th PERCENTILE - 7.8 3.1 - 0.1 7.6 S.S . I 4.6 4.6 - 1.8

o/aND · 0.0 50.0 · SO.O 0.0 SO.O - SO.O 50.0 - 0.0

NOT. JILl WAS USED AS THE INPUT PARAMETER FOR METAL CONCENTRATIONS REPORTED AS NIl.
COl'lL .AloNS ARE REPORTED IN "ll'L



STATION TI T2

Tolal Nickel II EVENTS 12 II

MEANCONC 131.3 32.2

SrD ERROR (MEAN) 52.0 9.9

STD DEVIATION 11.0 14.3

CV 0.5 0.4

10th PERCENTILE 55.1 22.0

25th PERCENTILE 14.0 25.0

50th PERCENTILE 130.0 31.0

75th PERCENTILE 155.0 33.5

90th PERCENTILE 119.0 41.0

%ND 0.0 0.0

.........._....-._._.._._.__..._.-...._--------_._-_.... ...•...._.....__.._..._.-.._._..._..._-

Di550lnd Nickel II EVENTS 3 3

MEANCONC 13.0 I.S

STD ERROR (MEAN) 12.1 0.6

STD DEVIATION 13.4 0.1

CV \.0 0.4

10lh PERCENTILE 3.1 1.0

25th PERCENTILE 3.5 1.0

50th PERCENTILE 4.\ 1.0

75th PERCENTILE 18.1 1.1

90th PERCENTILE 26.4 2.1

%ND 0.0 66.1

ENVIRONMENTAL WET H t:ATIIEI{ MONITORING DATA
Santa Clara COllnt}'

NOTE: (O.S"MDL) WAS USED AS TIlE INPUT P,\!lMIETER FOR METAL CONCENTRATIONS REPORTW AS I\ll.



ENVfRONMENTAL WET WEATIIERI\10NITORING DATA
Santa Clara Cnunt)'

STATION Lt L2 U IA 1.5 1.6 1.7 1.9 I SI S2 SJ S4

Tolal Selenium flEVENTS 4 23 5 2 5 4 12 I 20 21 28 34
I

MEANCONC 0.3 0.2 0.3 0.8 0.1 0.3 0.3 0.2 I 0.2 0.2 0.3 0.5

STD ERROR (1\IEAN) 0.3 0.1 0.3 0.3 0.0 0.3 0.3 0.1 ! 0.1 0.2 0.2 0.3

STD DEVIATION 0.4 0.2 0.4 0.3 0.0 0.-1 0.-1 0.1 i 0.2 0.2 0.2 0.4

CV 1.1 1.1 1.2 0.3 0.2 1.2 1.1 0.5 ! 0.9 1.0 0.8 0.9

10lh PERCENTILE 0.1 0.1 0.1 0.6 0.1 0.1 0.1 0.1
,

0.1 0.1 0.1 0.1I251h PERCENTILE 0.1 0.1 0.1 0.6 0.1 0.1 0.1 0.1 I 0.1 0.1 0.1 0.1

50th PERCENTILE 0.1 0.1 0.1 0.8 0.1 0.1 0.1 0.1 ! 0.1 0.1 0.2 0.4

751h PERCENTILE 0.4 0.2 0.2 0.9 0.1 0.2 0.-1 0.2 I 0.3 0.2 0.4 0.6
I

90lh PERCENTILE 0.7 0.2 0.7 1.0 0.1 0.7 0.7 0.2 ! 0.4 0.4 0.6 1.0.
I

°/.ND 100.0 65.2 100.0 0.0 100.0 100.0 75.0 4J.7 . 55.0 61.9 35.7 24.2I

--------~~--~I---
Dilloh'ed Selenium 1# EVENTS 2 2 I 2 2 2 0,2 2 3

MEANCONC 0.1 0.1 0.1 0.1 0.1 I 0.6 0.1 0.6

STD ERROR (1\1EAN) 0.0 0.0 0 0.0 0.0 I 0.5 0.0 0.4

STD DEVIATION 0.0 0.0 0 0.0 0.0 I 0.5 0.0 0.4
I

CV 0.0 0.0 0.0 0.0 0.0 I 0.8 0.0 0.6

10lh PERCENTILE 0.1 0.1 0.1 0.1 0.1 I 0.2 0.1 0.2

25th PERCENTILE 0.1 0.1 0.1 0.1 0.1 0.3 0.1 0.5

50th PERCENTILE 0.1 0.1 0.1 0.1 0.1 ! 0.6 0.1 0.8

75th PERCENTILE 0.1 0.1 0.1 0.1 0.1 ( 0.8 0.1 0.9

90lh PERCENTILE 0.1 0.1 0.1 0.1 0.1 I 0.9 0.1 1.0;
°/.ND 100.0 100 100.0 100.0 100.0 ~ 50.0 100.0 50.0

NOTI DL) WAS USED AS THE INPIJT PARAMETER FOR METAL CONCENTilAHONS REPORTED AS l'ol).
COl'lL _.IONS ARE REPORTED IN ,,&,1.



Total Selenium

STATION

/I EVENTS

f-IEANCONC

STD ERROR (MEAN)

STD DEVIATION

CV

10th PERCENTILE

251h PERCENTILE

50th PERCENTILE

751h PERCENTILE

90th PERCENTILE

%ND

T1

10

0.2

0.1

0.1

O.S

0.1

0.1

0.3

0.3

0.4

30.0

T2

9

0.1

0.0

0.0

0.4

0.1

0.1

0.\

0.2

0.2

33.3

ENvrnONMENTAL WEl , . .:.ATIIER MONITORING DATA
Santa Cl:tra Count)'

Ois,oh'ed Selenium /I EVENTS

f-IEANCONC

STD ERROR (MEAN)

STD DEVIATION

CV

IOlh PERCENTILE

251h PERCENTILE

50th PERCENTILE

751h PERCENTILE

90th PERCENTILE

·I.NI>

o o

NOTE: IO.S·MOl) WAS USED AS TIlE INI'UT rARAMETER FOR METAL CONCENTRATIONS RErORTED AS NI>.



ENVmONl\lENTAL WET WEATHER MONITORING DATA
Santa Clara County

STATION L1 L1 I..J IA 1.5 1.6 1.7 1.9 SI S2 53 S4

Total Silver # EVENTS 4 23 S 2 S S 4 12 19 20 27 33

MEANCONC 0.9 3.2 0.2 1.8 0.1 0.2 0.2 0.3 0.2 0.2 0.2 0.2

STD ERROR (}o1EAN) 0.6 3.2 0.\ 1.3 0.0 0.\ 0.\ 0.3

I
0.\ 0.\ 0.\ 0.2

STD DEVIATION 0.7 SA 0.1 1.3 0.0 0.1 0.1 0.4 0.1 0.2 0.1 0.4

CV O.ll 1.7 0.8 0.7 0.3 O.S O.S 1.1 I 0.6 O.ll O.ll 1.4

\Oth PERCENTILE 0.2 0.3 0.1 0.8 0.\ 0.1 0.1 0.1 0.\ 0.\ 0.\ 0.1

25th PERCENTILE 0.3 0.6 0.\ 1.1 0.\ 0.\ 0.\ 0.\ I 0.\ 0.1 0.1 0.1

50th PERCENTILE 0.7 1.3 0.1 1.8 0.1 0.1 0.1 0.\ I 0.\ 0.\ 0.1 0.1
I

75th PERCENTILE 1.3 3.0 0.1 2.4 0.1 0.2 0.2 0.4 I 0.2 0.3 0.2 0.3

90th PERCENTILE 1.7 6.6 0.3 2.8 0.2 0.3 0.3 0.8

I
0.3 0.4 0.3 0.4

°/oND 0.0 0.0 60.0 0.0 1l0.0 60.0 SO.O Sll.3 611.4 H.O 74.1 60.6

--------...---.---.------.-.--l..---.

DiS50\ved Silver # EVENTS 17 2 2 2 2 12 14 \4 21 27

MEANCONC 0.2 0.1 0.\ 0.\ 0.2 0.\ 0.1 0.1 0.1 0.1

STD ERROR (}olEAN) 0.2 0.0 0 0.0 0.\ 0.0 0.0 0.0 0.0 0.0

STDDEVIATION 0.2 0.0 0 0.0 0.1 0.0 0.0 0.0 0.0 0.1

CV 1.2 0,0 0.0 0.0 0.3 0.0 0.0 0.0 0.1 0.5

lOth PERCENTILE 0.\ 0.\ 0.\ 0.\ 0.1 0.1 0.\ 0.1 0.1 0.1

25th PERCENTILE 0.1 0.\ 0.\ 0.\ 0.\ 0.\ 0.\ 0.\ 0.1 0.1

50th PERCENTILE 0.\ 0.\ 0.\ 0.1 0.2 0.\ 0.\ 0.\ 0.1 0.1

75th PERCENTILE 0.\ 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1

90th PERCENTILE 0.6 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1

°/oND 118.2 100.0 \00.0 \00.0 SO.O \00.0 \00.0 100.0 95.2 92.6

Non JLI WAS USED AS nn: INI'UT PAIWI1ETER FOR METAL COl'lCENTRATIONS REPORTEn AS Nil.
CONCL ..,dONS ARE REPORTED IN "i'1.



STATiON Tl T2

Total Siher 1# EVENTS 9 8

MEAN CONC 0.6 0.1

STn ERROR (MEAN) O.S 0.0

STn DEVIATION 0.6 0.0

CV 1.0 0.0

10th PERCENTILE 0.1 0.1

15th PERCENTILE 0.1 0.1

50th PERCENTILE O.S 0.1

75th PERCENTILE 0.7 0.1

90th PERCENTILE U 0.1

°loND 4H 100.0

....._.-_.__._--_.._._-.-----.:.._--_.._......._.... .....__.__....._---_.......-.__.

lli550lnd Silnr 1# EVENTS 9 8

MEANCONC 0.1 0.1

STO ERROR (MEAN) 0.0 0.0

STO DEVIATION 0.0 0.0

CV 0.0 0.0

10th PERCENTILE 0.1 0.1

25th PERCENTILE 0.1 0.1

50th PERCENTILE 0.1 0.1

75th PERCENTILE 0.1 0.1

90th PERCENTILE 0.1 0.1

%ND 100.0 100.0

ENVIRONMENTAL WEl . iATHER MONITORING DATA
Sonta Clnra Cnllllty

NOTE: (O.5·~ml.1 WAS UsED AS TIlE INI'tJr P.\IUl>IETER FOR METAL COl'lCENTRATlONS REroRTEO AS NO.
f"ONrJ'NTR.1lnN~ !II,:' a""nOT"n IN ... _1



ENVIRONMENTAL WET WEATilER MONITORING DATA
Santa Clara County

STATION LI L2 L3 1.4 L5 L6 1.7 1.9 SI S2 SJ 54

Total Zinc II EVENTS 4 23 5 2 5 5 4 12 19 20 27 32

MEANCONC 255.0 1423.9 220.0 S4.0 336.0 244.0 7.1 381.6 21S.1 2S4.5 143.6 129.5

STD ERROR (MEAN) 120.0 75U 56.0 34.0 87.2 ·1-1.8 4..$ 319.S 91.8 114.9 81.6 57.3

STD DEVIATION 121.8 1343.5 63.2 34.0 107.1 49.6 4.7 531.3 113.6 165.4 108.5 90.2

CV 0.5 0.9 0.3 0.6 0.3 0.2 0.7 1.4 0.5 0.6 0.8 0.7

10th PERCENTILE 129.0 720.0 156.0 26.8 240.0 \88.0 1.9 132.0 96.0 127.0 37.4 57.5

25th PERCENTILE 142.5 820.0 \80.0 37.0 240.0 200.0 3.9 151.S' 120.0 \37.5 66.5 80.5

50th PERCENTILE 250.0 950.0 200.0 54.0 3\0.0 240.0 8.0 191.S 230.0 235.0 120.0 110.0

75th PERCENTILE 362.5 1715.0 260.0 71.0 360.0 300.0 11.3 317.5 292.5 292.5 175.0 140.0

90th PERCENTILE 385.0 1960.0 296.0 81.2 462.0 300.0 11.1 490.0 I 310.0 416.0 267.0 216.0

%ND 0.0 0.0 0.0 0.0 0.0 0.0 2S.0 0.0 I 0.0 0.0 0.0 0.0

---- ·------·---·····-······-···-····--··----··--t---··-·

DiS50lved Zinc II EVENTS 17 2 2 2 2 12 14 14 20 26

MEANCONC 707.6 100.0 100.0 100.0 S.O 49.1 30.8 26.6 1S.6 13.7

STD ERROR (MEAN) 431.1 0.0 0.0 0.0 2.0 14.6 23.6 15.2 8.9 5.9

STD DEVIATION 514.1 0.0 0.0 0.0 2.0 18.2 31.2 23.3 121 7.3

CV 0.7 0.0 0.0 0.0 0.4 0..$ 1.0 0.9 0.8 0.5

10th PERCENTILE 228.0 100.0 100.0 100.0 3.4 28.4 4.4 6.3 4.9 4.6

25th PERCENTILE 310.0 100.0 100.0 100.0 4.0 38.8 6.5 10.3 6.9 10.0

50th PERCENTILE 500.0 100.0 100.0 100.0 5.0 49.0 22.0 23.5 13.5 13.5

75th PERCENTILE 1000.0 100.0 100.0 100.0 6.0 60.8 31.0 32.0 20.3 16.8

90th PERCENTILE 1490.0 100.0 100.0 100.0 6.6 12.6 8.1.4 38.5 25.0 24.5

%ND 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.8

NOT) DL} WAS USED AS mE INPUT PARAMETER FOR METAL CONCENTlUTIONS REPORTED AS 1''''.
CONt. ,O!'lS Ml£ R£PoRl£IHI4"l"-



STATION TI T2

Total Zinc "EVENTS 12 II

MEANCONC 310.8 207.9

STD ERROR (MEAN) 135.8 61.9

STD DEVIATION 149.0 101.8

CV 0.5 0.5

10lh PERCENTILE 124.0 140.0

25th PERCENTILE 167.5 170.0

50th PERCENTILE 300.0 180.0

75th PERCENTILE 442.5 210.0

90th PERCENTILE 498.0 250.0

%ND 0.0 0.0

........._..._......__._...- .._.-..._.._._._-_.-..............__.............. ..•.............._--...........................
,

Di..oh-ed Zinc " EVENTS 12 II

MEAN CONC 21.0 47.5

STD ERROR (MEAN) 14.5 17.1

STD DEVIATION 16.7 19.9

CV 0.8 0,4

10lh PERCENTILE 5.4 33.0

25th PERCENTILE 9.0 33.5

50th PERCENTILE 14.5 39.0

751h PERCENTILE 31.8 63.5

90lh PERCENTILE 47.8 70.0

%ND 0.0 0.0

ENVIRONMENTAL WE', lATHER MONITORlNG DATA
Santo Clara Count)'

NOTE: IO.s·~mLI WAS USED A5 TIlE INPuT P.\RAAIETER fOR METAL CONCENTRATIONS REroRTED AS Mi.
ro ..:.r Tn n'" r "_'"



'.. I

B.2 DRY WEATHER



B.2.! ALAMEDA



SUMMARY OF ENVIRONMEN1 .. _ i>nY WEATIlEn MONITORING OATA
AllIlIlcda COli III)'

STATION U SI S2 s.1 5~ 55 S6

Tolal Ancnic #I EVENTS 2 6 8 8 8 8 8

MEANCONC 0.8 1.0 1.1 0.9 1.5 0.9 0.5

STD ERROR (MEAN) 0.3 0.5 0.7 0.6 1.1 0.5 0.0

STD DEVIATION 0.3 0.6 0.7 0.6 1.3 0.8 0.0

CV 0.3 0.6 0.7 0.7 0.8 09 0.0

10tb PERCEl'ITILE 0.6 0.5 0.5 0.5 0.5 0.5 0.5

25ch PERCENTILE 0.6 0.5 0.5 O.S 0.5 0.5 0.5

50lh PERCEl'ITILE 0.8 0.8 O.S O.S 0.8 0.5 0.5

75th PERCEl'ITILE 0.9 1.4 2.0 0.9 2.3 1.0 0.5

90lh PERCEl'ITILE 1.0 1.8 2.0 2.0 3.3 1.6 O.S

%ND 50.0 0.0 62.5 75.0 50.0 62.5 100.0

...__..._...._............._..-........-----_.._---_.__.- ....__..........--1-....................-.........._.-......._...................._....._...._._.....-...............-..............................
I

m.,oh·cd Anenic II EVENTS 2 6 8 8 8 8 8

MEANCONC 0.5 1.3 0.8 0.9 1.3 II 0.7

STD ERROR (MEAN) 0.0 0.6 O.S 0.6 0.9 0.7 0.3

STD DEVIATION 0.0 0.6 06 0.6 1.1 0.9 O.S

CV 0.0 O.S 0.7 0.1 0.9 08 0.7

lOch PERCEl'ITILE O.S 0.5 0.5 O.S 0.5 0.5 0.5

25th PERCEl'ITILE 0.5 0.6 0.5 0.5 0.5 0.5 0.5

50ch PERCEl'ITILE 0.5 1.3 0.5 O.S 0.8 0.5 0.5

75th PERCEl'ITILE 0.5 1.9 0.8 0.9 1.3 1.3 0.5

90lh PERCEl'ITILE 0.5 2.0 1.7 2.0 2.6 2.3 I.lJ

%ND 100.0 33.3 75.0 75.0 50.0 62.5 87.5

NOTE: (OSMDL) WAS USED AS TIlE INPITf PARAMETER rOR METAL CONCE/'lTRATlONS REPORTED AS ND.
CONCENTRAIONS ARE RFPnRTF'n IN n."



S.UMMARY OF ENVIRONMENTAL DRY WEATHER MONITORING DATA
Alameda County

STATION L2 51 52 53 5~ 55 56

Total Copper # EVENTS 2 6 8 8 8 8 8

l\IEANCONC 85 1.3 2.3 3.0 IH 6.S 2.S

STD ERROR (MEAN) 3.S 0.8 0.9 1.3 9.1 .J.6 2.3

5TD DEVIATION 3.5 0.9 1.1 1.6 11.6 S.1 2.8

CV 0.4 0.7 0.5 O.S 0.8 0.9 1.1

10th PERCENTILE 5.7 05 1.0 O.S 3.1 O.S O.S

25th PERCENTILE 6.8 0.6 1.8 H 7.3 3.1 O.S

50th PERCENTILE 85 1.0 2.0 3.0 10.0 .J.S 1.3

75th PERCENTILE 10.3 1.8 25 4.3 20.8 8.S 2.8

90th PERCENTILE 11.3 2.5 4.0 5.0 21.8 14.5 6.2

%ND 0.0 0.0 0.0 25.0 12.5 25.0 31.5

-------- .._-_._----_..__...__._•......_---.-

Dwolnd Copper # EVENT5 2 6 7 8 8 8 8
I\lEANCONC 1.3 1.2 1.7 3.0 13.8 -1.1 1.3
STD ERROR (MEAN) 0.8 0.6 0.9 U 12.6 1.9 1.1
STD DEVIATION 0.8 0.6 1.0 1.8 1-1.1 2.8 1.3
CV 0.6 O.S 0.6 0.6 1.0 0.1 1.1
10th PERCENTILE 0.7 O'S 0.5 0.5 1.6 0.5 O.S
25th PERCENTILE 0.9 0.6 0.8 1.6 2.8 3.1 O.S
50th PERCENTILE 1.3 1.0 2.0 3.0 6.S .J.O O.S
75th PERCENTILE 1.6 1.8 2.5 5.0 23.3 S.O 1.1
90th PERCENTILE 1.9 2.0 3.0 S.O 33.3 6.S 3.3
%ND 50.0 33.3 28.6 2S.0 12.5 25.0 1S.0

I'IOTE .LI WAS USED AS TIlE IM'UT PARAMETER FOR METAl. COI'ICEl"TRATJOrlS RI:PORTEIl AS 1'IIl.
COI'ICL .ONS ARE REPORtED IN,,\.



SUMMARY OF ENVIRONMEN1._~ORY WEATHER MONITORING DATA
Alomedo Coulll}'

Tola' Chromium

STATION L2 SI S2 SJ S~ SS S6

II EVENTS 2 6 8 8 8 8 8

MEANCONC 6.3 1.4 1.5 1.1 1.4 1.1 1.4

STD ERROR (MEAN) 0.3 0.9 1.3 0.5 0.9 0.4 1.3

STD DEVIATION 0.3 1.2 1.6 0.6 11.9 0.5 18

CV 0.0 0.9 1.0 0.5 0.7 0.5 1.2

IOlh PERCENTILE 6.1 O.S O.S 0.5 0.5 O.S 0.5

25th PERCENTILE 6.1 0.6 0.5 0.5 0.5 0.9 0.5

50th PERCENTILE 6.3 1.0 0.5 1.0 1.3 1.0 0.5

751h PERCENTILE 6,4 1.4 1.9 1.3 2.0 I.J 1.3

90th PERCENTILE 6.5 2.8 3.6 2.0 2.3 2.0 3.2

"/oND 0.0 0.0 62.S 31.5 50.0 25.0 62.5 ,
_.._.-_.__.-.._..._._..... .........- .......... ....-...._-_..._...........-..._..........._.._......_..........._..................................................................~

II EVENTS 2 6 8 8 8 8 8

MEANCONC 1.3 0.6 0.7 1.3 1.1 0.5 0.6

STD ERROR (MEAN) 0.8 0.\ 0.2 1.2 0.1 0.0 0.1

STIJ DEVIATION 0.8 0.2 0.2 IS 0.9 0.0 0.2

CV 0.6 0.3 0.4 1,4 0.8 0.0 0.3

10lh PERCENTILE 0.7 0.5 O.S O.S O.S 0.5 O.S

25th PERCENTILE 0.9 O.S O.S 0.5 0.5 0.5 0.5

SOlh PERCENTILE 1.3 O.S O.S 0.5 0.8 0.5 0.5

7SIh PERCENTILE 1.6 O.S 1.0 0.6 1.3 05 0.5

90th PERCENTILE 1.9 0.8 1.0 2.5 2.3 0.5 0.1

"/oND SO.O 83.3 62.S 7S.0 So.O 100.0 81.5

NOTE: (o.5·~mll WAS USED AS TIlE INPUT PARAMETER fOR METAL CONCENTRATIONS REPORTED AS NIl.
rnNr~N'T1l.llnNC 'At' Dt'pnOT~n .N .... '



SUMMARY OF ENVffiONI\1ENTAL DRY WEATIIERMONITOR1NG DATA
Alameda County

Total Lead

Dissolnd Lead

STATION L2 I 51 52 53 5~ 55 56

# EVENT5 2 6 8 8 8 8 8

MEANCONC 11.0 1.9 3.3 0.9 8.3 0.8 1.0

STD ERROR (MEAN) 5.0 1.1 3.6 0.6 ~.O OA 0.8

STD DEVIATION 5.0 1.5 4.2 0.6 4.7 0.5 0.9

CV 0.5 0.8 1.3 0.7 0.6 0.7 0.9

10th PERCENTILE 7.0 0.5 0.5 0.5 3.1 0.5 0.5

25th PERCENTILE 8.5 0.8 0.5 0.5 4.0 0.5 0.5

50th PERCENTILE 11.0 1.8 0.5 0.5 8.5 0.5 0.5

75th PERCENTILE 13.5 2.0 4.8 0.9 11.8 0.6 1.0

90th PERCENTILE 15.0 3.5 10.3 2.0 14.3 1.3 2.5

%ND 0.0 0.0 62.5 75.0 0.0 75.0 87.5

..- ------._-_.__....__.._.-....._......_-_..._...._._-_._....._....._...._..__._.

flEVENTS 2 6 8 8 8 8 8
MEANCONC 0.5 1.7 1.1 1.1 7.6 0.5 0.8
STD ERROR (MEAN) 0.0 1.8 1.0 1.0 5.1 0.0 0.5
STD DEVIATION 0.0 2A 1.5 U 5.6 0.0 0.7
CV 0.0 1.4 1.4 1..- 0.7 0.0 0.8
10th PERCENTILE 0.5 0.5 0.5 0.5 0.9 0.5 0.5
25th PERCENTILE 0.5 0.5 0.5 0.5 3.3 0.5 0.5
50th PERCENTILE O.S 0.5 0.5 0.5 6.0 0.5 0.5
75th PERCENTILE 0.5 0.9 0.5 0.5 13.3 0.5 0.6
90th PERCENTILE 0.5 I 4.0 1.9 1.9 14.6 0.5 1.5
%ND 100.0 66.7 87.5 87.5 12.5 100,0 100.0

NOTE .I.J WAS USED AS 1HE INPUT P.ulAJ\lETER rORMETAL CONCENTRATIONS REPORTED AS I'D.
COi'lCL .•oNS ARE REPORTED IN ,,&11.



SUMMARY OF ENVIRONMEN1 •.~ llRY WEATHER MONITORING nATA
Alameda Count}'

TotBll\lercur)'

Dissoh'ed I\lercur~..

STATION L2 SI S2 S3 S4 55 S6

II EVENTS 2 6 8 8 8 8 8

MEANCONC 0.1 0.2 0.1 0.1 0.1 0.1· 0.1

STD ERROR (MEAN) 0.0 0.1 0.1 0.0 0.0 0.0 0.1

STD DEVIATION 0.0 0.2 0.1 0.0 0.1 0.1 0.1

CV 0.0 0.9 0.7 0.3 O.S O.S 0.7

10th PERCENTILE 0.1 0.1 0.1 0.1 0.1 0.1 0.1

25th PERCENTILE 0.1 0.1 0.1 0.1 0.1 0.1 0.1

50th PERCENTILE 0.1 0.1 0.1 0.1 0.1 0.1 0.1

75th PERCENTILE 0.1 0.2 0.1 0.1 0.1 0.1 0.1

90th PERCENTILE 0.1 0.-4 0.2 0.1 0.2 0.2 0.2

%ND 100.0 0.0 87.S 87.S 87.S 87.5 87.S

-_.__._.-_._-_._--_._- ..._.__..._.- _.._._-_....._._...__.._....._...._....._-_._........_._..._..-.........._......_-..._._................. ...

II EVENTS 2 6 8 8 8 8 8

MEAN CONC 0.1 0.2 0.1 0.1 0.1 0.1 0.1

STD ERROR (MEAN) 0.0 0.1 0.0 0.1 0.0 0.1 0.1

STD DE\1ATION 0.0 0.1 0.1 0.1 0.0 0.1 0.1

CV 0.0 0.7 0.5 0.7 0.3 0.7 0.7

10th PERCENTILE 0.1 0.1 0.1 0.1 0.1 0.1 0.1

25th PERCENTILE 0.1 0.1 0.1 0.1 O. I 0.1 0.1

50th PERCENTILE 0.1 0.1 0.1 0.1 0.1 0.1 0.1

75th PERCENTILE 0.1 0.1 0.1 0.1 0.1 0.1 0.1

90th PERCENTILE 0.1 0.3 0.2 0.2 0.2 0.2 0.2

%ND 100.0 83.3 87.S 87.5 75.0 87.5 87.5

NOTE: (O.S·~mL\ WAS mEn AS TIlE lNt'ut Pl.ltMtETEll. rOll.MUALCONC£.NTIV.IIONS ll.£r<lll.l£.ll AS NIl.
t""nlUrS'lI'Tl"'nl',...N... nC"nr""""r""..., .....



SUl\1l\1ARYOF ENVIRONMENTAL DRY WEATHER MONITORING DATA
Alameda County

STATION L2 I St 52 53 5~ 55 56

ickel It EVENT5 2 6 8 8 8 8 8

MEANCONC 16.3 2.6 3.3 2.3 11.8 1.9 I.l

STD ERROR (MEAN) 2.3
I

0.9 0.5 0.9 5.2 OA 1.0

STD DEVIATION 2.3 I 1.0 0.6 U 5.9 0.6 1.5

CV 0.1 0.4 0.2 0.7 0.5 0.3 IA

10th PERCENTILE 14.5 1.3 2.9 1.0 6.5 1.0 0.5

25th PERCENTILE IS.I 1.9 3.0 1.8 8.0 1.8 0.5

50th PERCENTILE 16.3 3.0 3.0 2.0 9.5 2.0 0.5

75th PERCENTILE 17.4 3.0 4.0 2.0 16.5 2.0 0.5

90th PERCENTILE 18.1 3.5 4.0 3.2 19.2 2.3 1.9

%ND 0.0 0.0 0.0 0.0 0.0 0.0 100.0

I ----------.-.-.--.-.----....-.--.....--.-...---.......

ed Nickel ItEVENT5 2 6 8 8 8 8 8
MEANCONC 15.0 21 2.3 1.8 9.8 1.9 1.3
5TD ERROR (MEAN) 20 0.9 1.3 0.1 6.1 0.9 1.1
STD Dn'ATION 2.0 1.1 1.6 0.9 1.2 1.3 U
CV 0.1 0.5 0.1 0.5 0.7 0.1 1.1
10th PERCENTILE 13.4 1.0 0.9 0.9 2.0 0.5 0.5
25th PERCENTILE 14.0 1.1 1.0 1.0 4.3 0.9 0.5
50th PERCENTILE 15.0 1.8 20 2.0 6.5 2.0 0.5
15th PERCENTILE 16.0 2.8 3.0 2.3 16.8 2.0 1.3
90th PERCENTILE 16.6 3.5 3.9 3.0 19.6 2.9 2.9
°/oND 0.0 0.0 12.5 12.5 0.0 25.0 15.0

Total N

Dinoh'

NOTE It) WAS USED .u THE INPUT PAJUMETER FOR METAt CONCEI'lTRATlONS REPORTED AHID.
CONCL JONS ARE REPoRTED 1I'l1ll"-



SUMMARY OF ENVmONMEN"1. .~ ORY WEATHER MONITORING DATA
Alameda Counly

STATION L2 SI S2 S3 S-t ss S6

Total Selenium II EVENTS 2 6 8 8 8 8 8

MEANCONC 0.1 0.1 0.2 0.2 0.\ 0.1 0.\

STD ERROR (MEAN) 0.0 0.0 0.\ 0.\ 0.0 00 0.\

STD DEVIATION 0.0 0.0 0.1 0.\ 0.0 0.1 0.1

CV 0.0 0.0 0.9 0.9 0.3 0.5 0.7

10th PERCENTILE 0.1 0.1 0.1 0.\ 0.1 0.\ 0.1

25th PERCENTILE 0.\ 0.\ 0.\ 0.\ 0.\ 0.\ 0.\

50th PERCENTILE 0.1 0.1 0.\ 0.1 0.1 0.1 0.\

75th PERCENTILE 0.1 0.1 0.1 0.1 0.\ 0.1 0.1

90th PERCENTILE 0.1 0.1 0.2 0.2 0.1 0.2 0.2

%ND 100.0 0.0 87.5 87.5 87.5 87.5 87.5

..._.._..__.........._.__....._-_._------_....__..._... _.-._--_.- ....._...__._.•...__...._.._---_..........._.._•......-.........................................-...._..

Dissoln·d Selenium II EVENTS 2 6 8 8 8 8 8

MEANCONC 0.1 0.1 0.1 0.1 0.1 0.\ 0.1

STD ERROR (1\IEAN) 0.0 0.0 0.1 00 0.0 0.0 0.0

STD DEVIAnON 0.0 0.0 0.1 0.0 0.0 00 0.0

CV 0.0 0.0 0.7 0.0 0.3 0.0 0.0

10th PERCENTILE 0.1 0.1 0.1 0.1 0.1 0.1 0.1

25th PERCENTILE 0.1 0.1 0.1 0.1 0.1 0.1 0.1

50th PERCENTILE 0.1 0.1 0.1 0.1 0.\ 0.1 0.1

75th PERCENTILE 0.1 0.1 0.1 0.1 0.1 0.1 0.1

90th PERCENTILE 0.1 0.1 0.2 0.\ 0.1 0.1 0.1

%ND 100.0 100.0 87.5 100.0 87.5 100.0 100.0

NOTE: IO.SOMDLI WAS USED AS TIlE INI'UT PAIlAMETER FOR METAL CONCENTRATIONS RErORTEn AS 1'>1>.
,..nl\l'r~l'\rr1), InNe • g ~ Cc-pf"'IOTC'n 'IV _.... .



SUMMARY OF ENVIRONMENTAL DRY WEATHER MONITORING DATA
Alameda County

STATION L2 51 S2 53 S~ SS S6

Total SiI....r II EVENTS 2 6 8 8 8 8 8

MEANCONC 0.1 0.2 0.1 0." 0.1 0.1 0.3

STD ERROR (MEAN) 0.0 0.1 0.0 0.4 0.0 0.0 0.3

STD DEVIATION 0.0 O. I 0.0 0.1 0.0 0.0 OA

CV 0.0 0.4 0... 1.8 0.4 0... 1.6

10th PERCENTILE 0.1 0.1 0.1 0.1 0.1 0.1 0.1

25th PERCENTILE 0.1 0.1 0.1 0.1 O. I 0.1 0.1

50th PERCENTILE 0.1 0.2 0.1 0.1 0.1 0.1 0.1

751h PERCENTILE 0.1 0.2 0.1 0.1 0.1 0.1 o. I

90th PERCENTILE 0.1 0.2 0.1 0.8 0.1 0.1 0.5

°/oND 100.0 0.0 100.0 81.5 100.0 100.0 81.5

----------_._--_._._.__._--_..................__•.•....--

Dmoh'ed Silnr flEVENTS 2 6 8 8 8 8 8

MEANCONC 0.1 0.1 0.1 0.4 0.1 0.1 0.2

STD ERROR (MEAN) 0.0 0.0 0.0 0.4 0.0 0.0 0.1

STDDEVIATlON 0.0 0.1 0.0 0.6 0.0 0.0 0.2

CV 0.0 0.4 0.4 1.5 0.4 OA I.l

10th PERCENTILE 0.1 0: I 0.1 0.1 0.1 0.1 0.1

25th PERCENTILE 0.1 0.1 0.1 0.1 0.1 0.1 0.1

50th PERCENTILE 0.1 0.1 0.1 0.1 0.1 0.1 0.1

751h PERCENTILE 0.1 0.1 0.1 0.3 0.1 0.1 0.1

90th PERCENTILE 0.1 0.2 0.1 0.8 0.1 0.1 0.3

%ND 100.0 100.0 100.0 15.0 100.0 100.0 81.5

NOTI .nL) WAS USED AS TlfE INPUT PAJIM,IETER FOR METAL CONCENTRATIONS REPORTED AS /'/D.
CONC\.. ......IOtlS M\F. !'£\,OI\UD IN qll



SUMMARY OF ENVIRONMENT,..... OR\' WEATIIER MONITORING DATA
Alllmcda COUnl)'

Total Zinc

lli550lnd Zinc

STATION L2 SI S2 S3 S" S5 S6

#I EVENTS 2 6 8 8 8 8 8

MEANCONC 4000.0 3.4 7.7 16.2 62.8 2.5 2.5

STD ERROR (MEAN) 800.0 U 3.9 14.9 31.8 0.0 0.0

STD DEVIATION 800.0 2.0 5.5 19.3 "5.1 0.0 0.0

CV 0.2 0.6 0.1 1.2 0.1 0.0 0.0

10th PERCENTILE 3360.0 2.5 2.5 2.5 8A 2.5 2.5

25th PERCENTILE 3600.0 2.5 2.5 2.5 18.0 2.5 2.5

50lh PERCENTILE 4000.0 2.5 8.0 8.5 67.5 2.5 25

151h PERCENTILE 4400.0 2.5 8.5 17.3 81.5 2.5 2.5

90th PERCENTILE 4640.0 5.3 13.0 39.6 119.0 2.5 2.5

%ND 0.0 0.0 31.5 31.5 0.0 100.0 100.0

_...-._-_._.....__.._--_...._._.. ..--......._.- ._._--_..._....•..._.......__•.••.•................•_-.............-........_._.•......... .-................................

#I EVENTS 2 6 8 8 8 8 8

MEANCONC 3475.0 4.8 4.9 11.4 51.4 3.9 5.0

STD ERROR (f>IEAN) 615.0 2.3 3.0 7.6 42.8 2.1 38

STD DEVIAnON 675.0 2.5 3.1 9.2 41.3 2.8 5.4

CY 0.2 0.5 0.6 0.8 0.9 0.7 \I

10th PERCENTILE 2935.0 2.5 2.5 2.5 5.0 2.5 25

251h PERCENTILE 3131.5 2.5 2.5 2.5 10.5 ~.5 2.5

50th PERCENTILE 3415.0 3.8 2.5 10.5 355 2.5 2.5

75th PERCENTILE 3812.5 7.3 8.0 14.8 81.5 3.1 3.4

90th PERCENTILE 4015.0 8.0 8.8 23.0 116.0 6.8 9.9

%ND 0.0 50.0 62.5 31.5 12.5 15.0 15.0

l'I(Ht, \~SMDl.1W/.S \JSED /.S 'On: \!'ll'UT PMUJ,1£Trn FOll. M£TAI. CONCEN1llXTlONS llEP01l1ED AS NO.
rn"'I""1=' ...rrn.',.. ...C' .nrnrrt""T.........•



--
B.2.2 SANTA CLARA



SUI\IMARV OF ENVIRONMEN .. J ORY WEATIIEHI\10NITOIHNG DATA
Santa Clara Count)·

STATION SI S2 53 54

Total Arsenic /I EVENTS 3 3 3 3

MEAN CONC 0.7 1.0 0.8 U

STD ERROR (MEAN) 0.2 0.7 0.2 0.7

STD DEVIATION 0.2 0.7 0.2 0.7

C" 0.4 0.7 0.3 0.5

10th PERCENTILE 0.5 0.5 0.6 0.8

25th PERCENTILE 0.5 0.5 0.8 1.3

50th PERCENTILE 0.5 I 0.5 1.0 2.0

751h PERCENTILE 0.8 1.3 1.0 2.0

90th PERCENTILE 0.9 1.7 1.0 2.0

%ND 0.0 66.7 33.3 33.3

NOTE: (o.s·~ml.J WAS USED AS THE INPlJT P.uuJ\IETER FOR METAl. CONCENTRATIONS RrrORTEO .\S NIl.
{'.ntK"~Nnll\nN'Cj, ~'Q~ 'SlS"....OU.,~n'N no"



SUMMARY OF ENVIRONMENTAL IlRY WEATIIER MONITORING DATA
Santa Clara County

STATION SI S2 SJ S4

Tolal Cadmium # EVENTS 3 3 3 3

I\fEANCONC 0.2 0.4 O.S 0.3

STD ERROR (MEAN) 0.1 0.2 0.4 0.2

SID DEVIATION 0.1 0.2 0.4 0.2

CV 0.6 0.6 0.8 0.9

10lh PERCENTILE 0.1 0.2 0.1 0.1

25lh PERCENTILE 0.1 0.3 0.2 0.1

50lh PERCENTILE 0.1 I 0.4 0.3 0.1

751h PERCENTILE 0.2 O.S 0.7 0.4

90lh PERCENTILE 0.3 0.6 0.9 O.S

%ND 66.7 33.3 33.3 66.7

Non lL) WAS USED AS TIlE 11'"PlIT PARAJ\lETER FOR J\lETAL CONCENTRATIONS REPORTED AS roll.
CONC.. .IONS ARE REPORTED IN "1'1.

,
-"



SUl\ll\IARY OF ENVIRONMENT~ JRY WEATHER MONITORING DATA
Santa Clara Count)'

STATION st 52 S3 Sot

T Dial Chromium II EVENTS 3 3 3 3

I\IEANCONC 2.3 3.7 3.S ·to
STD ERROR (I\IEAN) 1.8 1.6 1.7 0.7

STD DEvlATION 1.9 1.7 1.9 0.8

CV 0.8 O.S O.S 0.2

10th PERCENTILE 1.0 2.2 1.8 3.2

25th PERCENTILE 1.0 2.S 2.3 3.S

50th PERCENTILE 1.0 3.0 3.0 ·to
75th PERCENTILE 3.0 4.S 4.S 4.S

90th PERCENTILE 4.2 SA SA U

·I.ND 0.0 0.0 0.0 0.0

.----_._---
NOTE: to.5·~mL) WAS USED AS nlE INPUT PARAMETER FOR METAL CONCENTRATIONS REPORTED AS NIl.
rnNr-F'NTlI.llnN.li: .lAJ" DJ"rnQTJ"n IN .....



SUMMARY OF ENVIRONI\IENTAL IlRY WEATHER MONITORING DATA
Santa Claro Count)·

STATION SI S2 SJ S-I

Total Copper # EVENTS 6 6 7 6

I\lEANCONC 13.8 4.7 3.8 6.2

STD ERROR (MEAN) 12.6 3.3 1.9 2.8

SID DEVIATION 17.\ 3.6 2.5 3.2

CV 1.2 0.8 0.7 0.5

tOth PERCENTILE 3.3 0.5 1.1 2.0

25th PERCENTILE 6.3 I.t 2.3 3.8

50th PERCENTILE 7.0 4.5 3.5 7.0

75th PERCENTILE 10.0 7.5 4.5 8.8

90th PERCENTILE 31.3 9.0 6.6 9.5

°loND 16.7 33.3 \4.3 0.0

NOT! DLI WAS USED AS THE INPUT PAllAMETER FOR METAL CONCENTRATIONS R[PORTEP AS NP.
CONe.. .IONS AR£ REPORTED IN "C'L



SUI\1I\IARY OF ENVIRONMEl'n ..• ORY WEATIIER 1\10NITOHING DATA
Sanla Chua Count~·

STATION SI S2 53 S4

Total Lead 1/ EVENTS 6 6 7 7

MEANCONC 0.8 1.1 2.3 1.3

STD ERROR (l\IEAN) 0.4 0.6 1.7 1.0

STD DEVIAnON 0.5 0.7 2.3 1.1

CV 0.7 0.6 1.0 0.9

10th PERCENTILE 0.5 OJ 0.5 0.5

251h PERCENTILE 0.5 0.5 0.5 0.5

50lh PERCENTILE 0.5 0.8 2.0 O.S

75th PERCENTILE 0.7 1.8 2.S 20

90th PERCENTILE 1.4 2.0 4.8 3.0

"laND 66.7 SO.O 42.9 S7.1

NOTE: ID.S"MDL) WAS USED AS11fE IM'UT PARAMETER FOR METAL CONcENTiuTlONS REPORTED AS I'm.



SUl\fMARY OF ENVIRONMENTAL DRY WEATHER MONITORING DATA
Santa Clam Count}'

STATION 51 S2 S3 S4

Totall\lercury # EVENT5 6 6 7 7

l\IEANCONC 0.1 0.1 0.4 0.4

STD ERROR (MEAN) 0.0 0.0 0.6 0.5

STD DEVIATION 0.1 0.0 0.8 0.7

CV tl.4 0.0 \.9 1.8

10lh PERCENTILE 0.1 0.1 0.1 0.1

25th PERCENTILE 0.1 0.1 0.1 0.1

50th PERCENTILE 0.1 0.1 0.1 0.1

75th PERCENTILE 0.1 0.1 0.1 0.1

90th PERCENTILE 0.2 0.1 1.1 0.9

°loND 83.3 100.0 85.7 85.7

NOl ,mI.) WAS USED AS THE INPUT PARAMETER FOR METAI. CONCEN'T1UTIONS REPORTED AS rID.
CONL. .--,IONS ARE REPORTED IN "III.



SUMMARY OF ENVIRONMEN1,.~ORY WEATIl ER MONITORING DATA
Santa Clara County

STATION St S2 S3 S~

Total Nickel # EVENTS 3 3 3 3

MEANCONC 1.3 1.7 1.7 2.3

STO ERROR (MEAN) 0.4 0.9 0.4 1.8

STD DEVIATION O.S 0.9 O.S 1.9

CV 0.4 0.6 0.3 0.8

10th PERCENTILE 1.0 1.0 1.2 1.0

25th PERCENTILE 1.0 1.0 I.S 1.0

50th PERCENTILE 1.0 1.0 2.0 1.0

75th PERCENTILE U 2.0 2.0 3.0

90th PERCENTILE 1.8 2.6 2.0 ~.2

°/oND 66.7 66.7 33.3 66.7

NOTE: to.5·~mL) WAS usm AS n-IE IriPtrr PARAJIiETER FOR METAL CONCENTlUTIOJ'/5 REPORTED AS r.n.



SUMMARY OF ENVmONl\tENTAL DRY WEATIIER MONITORING DATA
Santa Clara COllnt}"

STATION 51 52 53 S~

Total Selenium # EVENTS 6 6 7 7

MEANCONC 1.07 3.2 1.3 2.1

STD ERROR (MEAN) 1.311 3.1 1.26 1.67

SID DEVIATION 1.789 3.6 1.6 1.93

tv 1.7 1.1 1.3 0.9

10th PERCENTILE 0.100 0.10 0.10 0.28

25th PERCENTILE 0.100 0.1 0.1 0.70

50th PERCENTILE 0.10 2.1 0.7 1.0

75th PERCENTILE 0.78 4.8 U 3.S

90th PERCENTILE 3.00 7.S 3.2 s.o
%ND 100.0 50.0 57.1 42.9

Non ILl WASIJSED AS nlE 1r<P1IT PAlUJlIETER FOR METAL CONCENT!UTIONS ~EPO~TEDAS!'''.
CONC~. .,ONS ARE REPORTED IN tlc>1.



SUl\fl\IARY OF ENVIRONMEN1,,~ ORY WEATilER ~toNITORINGOATA
Sanla Clara COllnl)"

STATION SI S2 53 S~

Total Silnr II EVENTS 6 6 7 7

MEANCONC 0.7 2.7 1.2 U

STD ERROR (MEAN) 0.57 2.6 0.98 1.2

STD DEVIATION 0.69 2.9 1.07 1.2

CV 1.0 1.1 0.9 O.H

10th PERCENTILE 0.\ 0.\0 0.\0 0.\

25th PERCENTILE 0.1 0.3 0.15 0.2

50th PERCENTILE 0.4 1.4 0.90 2.0

75lh PERCENTILE 0.9 4.3 2.0 2.5

90th PERCENTILE U 6.5 2.~ 3.0

%ND 50.0 33.3 28.6 28.6

NOTE: IO.S·MDLj WAS USED A5 TIlE INPUT PARAMETER fOR ~IETALCONCENTRATIONS REPOI<TED AS NO.
CONCENTRAIONS ARE REPORTED IN •••1.



SUMMARY OF ENVIRONMENTAL DRY WEATHER MONITORING DATA
Santa Clara County

STATION SI S2 S3 S~

Tolal Zinc # EVENTS 6 6 7 7

MEANCONC 20.5 10.8 10.0 14.6

STD ERROR (MEAN) 18.5 5.1 4.0 4.1

STD DEVIATION 25.1 7.8 5.1 5.4

CV 1.22 0.7 0.5 0.4

10th PERCENTILE 4.5 6.0 5.6 9.6

25th PERCENTILE 7.5 6.3 8.0 10.5

50th PERCENTILE 12.0 7.5 8.0 12.0

751h PERCENTILE 13.5 9.5 12.0 18.0

90th PERCENTILE 45.0 19.0 1S.5 21.8

o/.ND 0.0 0.0 0.0 0.0

Non
CONC.

JlI WAS USED AS 111E INI'VT PARAMETER FOR METAL CONCENTRATIONS RF.PORTED AS I'm.
.IONS ARE IUl'ORTED IN uc 1.


