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1.0 SUMMARY1.0 SUMMARY

This technical report presents the 1994 Kelly Farm Demonstration Wetland (KFDW)
bioaccumulation/ magnification information and evaluates these data, in comparison with
previous KFDW bioaccumulation/magnification data and with reference studies. In
addition, California State Mussel Watch Program (SMWP) and Toxic Substances
Monitoring Program (TSMP) data are evaluated with regard to differences above and
below Santa Rosa’s reclaimed water discharge.

1.1 BIOACCUMULATION IN PLANT TISSUES AT KFDW

All metals present at detectable concentrations in KFDW sediments have substantially
lower concentrations in rhizomes and seeds of the vegetation than in sediment, suggesting
no unusual bioaccumulation. Concentrations of aluminum, arsenic, chromium, lead, and
nickel in vegetation tissues were equivalent to less than 12 percent of their concentration
in sediments. Reduced concentrations in vegetation relative to the sediments were also
documented for copper, mercury, and zinc (less than 30 percent of the sediment
concentration). Bioaccumulation (as indicated by the ratio of sediment to tissue
concentration) of three other metals (cadmium, selenium, and silver) cannot be assessed
because their concentrations in sediments were below analytical detection limits. Organics
compounds were analyzed but not detected in sediment and plant tissues in the 1994
study.

1.2 BIOACCUMULATION IN ANIMAL TISSUES AT KFDW

The concentration of aluminum, arsenic, chromium, lead, and nickel was lower in animal
tissues than in sediment at KFDW. The concentration of copper in mosquitofish tissues
was less than in sediment, but a bioaccumulation factor (ratio of tissue to sediment
concentration) of 3.5 was calculated for crayfish. Accumulation of copper in crayfish
tissues can be expected because copper is a major component of the respiratory pigment
hemocyanine of crustaceans. Bioaccumulation factors for zinc in crayfish and mercury in
crayfish and mosquitofish ranged from 0.56 to 1.24, indicating that the concentrations of
these metals in animal tissues and in sediments are similar. Zinc concentration in
mosquitofish, however, was twice as high as that measured in sediments suggesting a
possible accumulation, or concentration from water, in fish tissues. Like copper, zinc is a
micronutrient that is required by fish for proper metabolism. Organics compounds were
analyzed but not detected in sediment and animal tissues in the 1994 study.

1.3 COMPARISON OF KFDW DATA FROM 1991 AND 1994

The evaluation of data for plant and mosquitofish tissue and sediments collected from
KFDW in August 1994 in comparison to samples collected in KFDW in 1991 was limited
to metals because organic compounds (including pesticides and PCBs) were not present at
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detectable concentrations in mosquitofish and sediments in both studies. Organic
compounds were not analyzed in plant tissue in the 1991 study. Five metals had reduced
concentrations in 1994 relative to the 1991 data, both in sediments and in wetland
vegetation: aluminum, chromium, lead, nickel, and zinc. Increases in metals content of the
sediments in 1994 relative to 1991 were documented for arsenic and mercury. However,
the average concentration of these metals in Santa Rosa’s reclaimed water was the same
or slightly lower in 1994 than in 1991. If the concentrations of metals in sediments in 1991
had reached equilibrium with reclaimed water, this would indicate the sediment increases
were not due to increases in these metals in reclaimed water discharge. If the metals in
sediment had not reached equilibrium with reclaimed water in 1991, the increase may be
due to continued loading from reclaimed water.

1.4 EVALUATION OF BIOACCUMULATION AT KFDW

Sediments of Kelly Farm had similar or lower concentrations of metals relative to
comparable reference sites. Bioaccumulation factors for those metals in vegetation were
generally similar or lower at KFDW than at reference sites. KFDW faunal tissue
concentrations of five out of six metals evaluated for potential bioaccumulation
(aluminum, arsenic, cadmium, lead, and zinc) were similar, or lower, than concentrations
reported for the Clark Fork River reference site where benthic organisms are exposed to
sediments with low metals content.
Potential adverse effects of metals from Kelly Farm sediments on aquatic organisms were
evaluated by the use of benchmark values for assessment of ecological risk. No significant
risks for adverse effects on vegetation and aquatic fauna from exposure to Kelly Farm
sediments were identified.
Toxicological benchmarks for food intake were used to evaluate the risks for adverse
effects on terrestrial fauna from ingestion of Kelly Farm wetland vegetation and aquatic
organisms. Based on available benchmarks for food ingestion, metals concentrations in
vegetation and aquatic organisms of the Kelly Farm wetlands are considered to pose no
significant potential risk for effects on terrestrial wildlife. A more extensive analysis of
potential risk of reclaimed water to aquatic and terrestrial wildlife is presented in the
Ecological Risk Assessment Technical Report (Parsons ES 1996).

1.5 STATE MUSSEL WATCH PROGRAM RESULTS

Average concentrations of trace elements in SMWP clam tissues were very similar above
and below the discharge and were similar to the concentrations in control clams. However,
there was high variability between stations within years. There was no discernible pattern
of increased tissue concentration of metals below Santa Rosa’s reclaimed water discharge
relative to above the discharge.
Total benzenehexachloride (BHC) (alpha and gamma only, beta and delta BHC were
below detection) in SMWP clam tissue was found in elevated concentrations below the
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discharge (Laguna at Wohler Bridge) during 1990-1992 but total BHC was below
detection in clams 1993 and 1994. However, elevated total BHC in clams did not coincide
with elevated BHC in reclaimed water. Since the clams are deployed for only about three
months, the elevated BHC levels are not likely due to a lagged effect of reclaimed water.
The lack of a relationship between concentration in reclaimed water discharge and
concentration in clam tissues indicates another source of BHC may be present in the
Laguna watershed. A likely source is from pesticide application. The remaining organic
compounds found in detectable concentrations in clams were either similar or lower below
the discharge or showed no regular pattern above versus below the discharge.

1.6 TOXIC SUBSTANCE MONITORING PROGRAM RESULTS

The only TSMP data available for comparisons of trace elements and organic compounds
in tissue above and below Santa Rosa’s discharge are on one date from the Russian River
at Wohler Bridge, the Laguna at Stony Point, and Santa Rosa Creek at Willowside ( all
above the confluence with the Laguna) and the Russian River at Hacienda Bridge (below
the confluence) in 1987. These values are shown in bold in Tables 26 and 27. The data
from all other stations are for different species above and below the discharge.
Concentrations of trace metals in tissues were very similar in above and below the
discharge with the possible exception of lead which ranged from below detection to 0.1
mg/L above the discharge and was 0.2 mg/L below the discharge. Only one organic
compound, total DDT, was detectable in tissues below the discharge and it was found in
the same concentration as two of the three stations above the discharge.
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 2.0 INTRODUCTION 2.0 INTRODUCTION

The discharge of reclaimed water to surface water has the potential to cause accumulation
of water quality constituents in biota of the receiving water environment. The purpose of
this technical report is to summarize information that characterizes the potential for
bioaccumulation of reclaimed water constituents. This report is intended to provide a basis
for the wildlife risk assessment (see Ecological Risk Assessment Technical Report,
Parsons ES 1996). This technical report is based on data from the Kelly Farm
Demonstration Wetland (KFDW) which was created to determine how best to develop
enhancement wetlands to provide wildlife and reclaimed water polishing benefits using
reclaimed water produced by Santa Rosa Subregional Water Reclamation System. An
assessment of the concentrations of those contaminants that may accumulate directly in
wetland ecosystem components (bioaccumulation) or indirectly through food consumption
(biomagnification) is an integral measure of the potential effects of reclaimed water
discharge on the receiving water environment, whether it be the Russian River, Laguna de
Santa Rosa or another wetland.

The first step in an assessment of bioaccumulation and biomagnification into the food
chain was made in early 1991 by analyzing freshwater clams (Corbicula sp.) that had been
deployed in KFDW for about three months. In addition, samples of sediments, plants,
invertebrates, and fish were collected in 1991 and analyzed for trace elements and
organochlorine compounds (CH2M Hill, et al. 1992). Further investigation of
bioaccumulation/magnification in the food chain in KFDW was conducted during August
1994, four years after the ponds were constructed. This technical report presents the 1994
KFDW bioaccumulation/magnification information and evaluates these data, in
comparison with previous KFDW bioaccumulation/magnification data and with reference
studies. In addition, California State Mussel Watch Program (SMWP) and Toxic
Substances Monitoring Program (TSMP) data are evaluated with regard to differences
above and below Santa Rosa’s reclaimed water discharge. This document provides
information on the following:

• Description of KFDW

• Bioaccumulation/magnification monitoring plan

• Bioaccumulation/magnification monitoring results at KFDW

• Comparison of 1994 bioaccumulation/magnification results with 1991
bioaccumulation/magnification results

• An evaluation of bioaccumulation in KFDW vegetation and fauna

• A comparison of the KFDW bioaccumulation results with reference studies

• SMWP and TSMP data
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3.0 DESCRIPTION OF FACILITY3.0 DESCRIPTION OF FACILITY

3.1 PROJECT LOCATION

The KFDW is located on Kelly Farm, which is owned by the Santa Rosa Subregional
System. The water supply for the KFDW is the reclaimed water from the Santa Rosa
Subregional Water Reclamation System on Llano Road. This study was conducted in Cell
3, the third cell in a series of five connected cells (Figure 1). At the time this study was
designed, wetland creation was potentially part of the Project description. Cell 3 was
selected for the study because it is most similar to the type of wetland that would have
been created for the Project. Kelly Farm is located between Santa Rosa and Sebastopol,
near the Laguna de Santa Rosa (Figure 2).

3.2 HABITAT DESCRIPTION

KFDW is a “palustrine” wetland which is characterized by emergent wetland plants and
open water areas that are less than 20 acres and not more than 6 feet deep at low water.
Vegetation currently covers approximately 90 percent of Cell 3. Vegetation in Cell 3 is
dominated by stands of bulrush (Scirpus californicus) with some cattails (Typha latifolia)
also present.
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4.0 MONITORING PLAN4.0 MONITORING PLAN

A field sampling and quality assurance project plan was developed prior to implementation
of sampling. This plan is included in Appendix 1.

Samples were collected from the Kelly Farm Demonstration Wetland Cell 3 during August
1994. The sample collection plan is described in Table 1. Samples of sediment, bulrush
seeds, cattail rhizomes, crayfish, and mosquitofish were collected.

4.1 SEDIMENT SAMPLING

Three to four composite sediment samples were collected to analyze for the constituents
shown in Table 1. The dense nature of the vegetation in Cell 3 prevented the use of
standard sampling devices so repeated grabs of sediment were collected by gloved hand.
Samples from the top 2-3 inches of sediment were collected. Every effort was made
during sample collection to preclude contamination and cross-contamination of the
samples. Each sample was composed of 5 subsamples taken from widely spaced locations
throughout the pond. Sediment sampling was done prior to biological sampling and shore
subsamples were collected prior to offshore samples to minimize disturbance to the
sediment. Sediment samples were placed into glass jars which were then put into an ice
chest and cooled to 4°C.

Table 1.

 Sample Collection Plan

Tissue # Samples Constituent

Sediment 4 composite moisture, pH, TOC, Al, As, Cd, Cr, Cu, Pb, Hg, Ni, Se, Ag,
Zn, organochlorine pesticides and PCBs, organophosphorus

pesticides, herbicides, acid volatile sulfides

Bulrush seeds 3 composite moisture, lipids, Al, As, Cd, Cr, Cu, Pb, Hg, Ni, Se, Ag, Zn,
organochlorine pesticides and PCBs, organophosphorus

pesticides, herbicides

Cattail rhizomes 3 composite moisture, lipids, Al, As, Cd, Cr, Cu, Pb, Hg, Ni, Se, Ag, Zn,
organochlorine pesticides and PCBs, organophosphorus

pesticides, herbicides

Crayfish 3 composite moisture, lipids, Al, As, Cd, Cr, Cu, Pb, Hg, Ni, Se, Ag, Zn,
organochlorine pesticides and PCBs, organophosphorus

pesticides, herbicides

Mosquitofish 4 composite moisture, lipids, Al, As, Cd, Cr, Cu, Pb, Hg, Ni, Se, Ag, Zn,
organochlorine pesticides and PCBs, organophosphorus

pesticides, herbicides
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4.2 BIOLOGICAL SAMPLING

Triplicate or quadruplicate composite samples of four tissue types as shown in Table 1
were collected. Each sample was composed of 3 to 5 subsamples taken from widely
spaced locations throughout cell 3. Every effort was made to preclude contamination and
cross-contamination of the samples during sample collection. Bulrush seeds, cattail
rhizomes, and mosquito fish samples were placed in glass jars. Crayfish were wrapped in
aluminum foil and then placed in Ziploc bags. All biological samples were then placed in
an ice chest with dry ice and frozen. Wrapping large organisms in aluminum foil prior to
freezing is part of EPA’s fish sampling protocol and the laboratory has empirical data to
indicate there is no problem with metals contamination using this method (pers. comm.
Jim Nettum, Hazleton Environmental Services to M. Commins 21 May 1996).

For all biological samples, the entire sample was analyzed. For mosquito fish and crayfish,
the contents of the guts were analyzed as well as tissue, which may have resulted in an
increase in some constituents due to the fraction that was in the guts and not actually
incorporated into tissue. Crayfish may store metals in the exoskeleton and get rid of them
when they molt. Thus, the metals in crayfish may be overestimated. Since several crayfish
were composited for analysis, the stage of the molt would be averaged (i.e. crayfish not all
in a very early or very late molting stage). Aluminum in particular may be overestimated in
crayfish because aluminum is a primary component of sediment, and the crayfish guts were
not depurated prior to analysis.

A numerical simulation study conducted by the United States Environmental Protection
Agency (EPA) evaluated the effects of composite sampling on the statistical power of a
sampling design. This study indicated that the increase in the number of subsamples in the
composite sample will l) increase the confidence in the estimate of mean values, and 2)
increases the probability of detecting differences among mean values of multiple sampling
sites. For the collection of five composite samples from five sampling sites, the EPA study
concluded that three to thirty subsamples were required to obtain a minimum detectable
difference equivalent to the overall mean value. This range of values was dependent on the
variability of the data, an unknown parameter at KFDW. Assuming that data variability in
the survey locations falls within the intermediate range evaluated by the EPA study
(coefficient of variation = 101.6 percent), a number of organisms from three to five per
composite sample will yield a 55 to 70 percent probability of statistically detecting
differences equal to the overall mean among sampling sites. This was the basis for
collecting three to five subsamples per sample for this study.

4.3 ECOLOGICAL RISK ANALYSIS

Risk assessment methods recommended by the EPA (1989, 1992) were used to evaluate
bioaccumulation potential and ecological risks to vegetation, aquatic organisms, and
terrestrial wildlife from contaminants in Kelly Farm wetlands sediments.
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4.3.1 Bioaccumulation

Potential bioaccumulation of contaminants in organisms tissues from sediments was
evaluated from collected samples of cattail rhizomes, bulrush seeds, crayfish, and
mosquitofish. As an initial screening tool, a bioaccumulation factor was calculated as the
ratio of concentration in organism tissues to the concentration in sediments. In a long-term
exposure, bioaccumulation factors below a value of 1.0 are indicative of low or no
potential for accumulation of a particular compound in organism tissues. Tissue
concentrations greater than those in the sediments, or any other exposure media, indicate
potential increases of the compound along the food chain (bioaccumulation factors greater
than 1.0). A more extensive evaluation of bioaccumulation impacts is described in
Ecological Risk Assessment Technical Report (Parsons ES 1996).

4.3.2 Exposure Pathways and Receptors

Surface water and sediments may function as direct or indirect pathways of exposure of
aquatic and terrestrial organisms (ecological receptors) to contaminants. Domestic and
wildlife species typically obtain drinking water from creeks, ponds, and other surface
water sources. Contaminants dissolved in surface water may also affect plants such as
wetland vegetation, fish and other aquatic organisms. Aquatic plants and invertebrates are
directly exposed to contaminants in sediments, and serve as an indirect pathway for
exposure of birds and wildlife.
Potential ecological receptors at the site include organisms representative of wetland
vegetation (cattails and bulrushes), aquatic organisms (crayfish and mosquitofish), and
wildlife closely-associated with aquatic environments (mallard duck, heron, otter, and
mink).

4.3.3 Benchmark Values

Benchmark values were used as the ecological effects endpoints for the risk assessment.
Benchmarks identify contaminant concentrations above which adverse effects on
organisms are likely to occur. These benchmarks were obtained from toxicological studies
documenting lethal and sublethal effects of potential contaminants on test organisms in
experimental conditions. Benchmark values are further developed in the Ecological Risk
Assessment Technical Report (Parsons ES 1996).

Benchmarks for sediments. Due to the lack of federal criteria for sediment quality, the
apparent effects thresholds were used as the benchmarks for potential effects of sediment-
sorbed contaminants on aquatic organisms. These benchmarks have been summarized by
the National Oceanic and Atmospheric Administration (NOAA 1994).

Benchmark levels for terrestrial plants. Benchmark levels for effects on terrestrial plants
were obtained from soil remediation criteria for parkland and residential use, as derived by
the Canadian Council of Ministers of the Environment (CCME 1991).
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Benchmark levels for terrestrial wildlife. Results of toxicological studies documenting
potential effects on mammals and birds were used for development of benchmark values
for food ingestion (Table 2). Toxicological data are typically reported as a dose per unit
weight of the test organism.

Experimental doses resulting in a no-observed-effect level (NOEL) in laboratory
conditions were used as the benchmark for each compound. When NOEL data were
unavailable, an extrapolation was made from the reported lowest-observed-effect level
(LOEL). The extrapolation used factors ranging from 5 to 100, depending on the
exposure duration (chronic, subchronic, or acute exposures), and the reported effect
(NOEL, LOEL, or lethal concentration). This approach is considered to be extremely
conservative, and the rationale for derivation of extrapolation factors is described by Ford
et al. (1992).

4.3.4 Risk Assessment Procedures

The risk for adverse effects on organisms was quantified using the ratio between the
exposure concentration (concentration in food source), and the selected benchmark value
(E/B ratio). The use of E/B ratios is a semi-quantitative approach to measure the degree
of potential risk for adverse effects on receptor organisms. This is a very conservative
approach, as described in Ecological Risk Assessment Technical Report (Parsons ES
1996). According to guidelines proposed by Menzie et. al (1993), E/B ratios less than or
equal to 1.0 identify a minimal or no probable risk for effects on organisms; ratios from
1.0 and 10.0 identify a moderate potential risk; and ratios greater than 10.0 indicate
significant potential for effects.

For the calculation of the E/B ratio, benchmarks presented as a dose per unit weight were
converted to a dietary concentration assuming a food intake rate of 20 percent of the
organism body weight per day. This ingestion rate is typical of several small mammals and
ducks (EPA 1993, Ecological Risk Assessment Technical Report, Parsons ES 1996).



S A N T A  R O S A  S U B R E G I O N A L  L O N G - T E R M  W A S T E W A T E R  P R O J E C T

E V A L U A T I O N  O F  B I O A C C U M U L A T I O N  I N  O R G A N I S M S  E X P O S E D  T O  R E C L A I M E D  W A T E R

MAY 24,  1996 12

Table 2.

Benchmarks for Dietary Intake of Metals by Mammals and Birds

Experimental
Dose a (mg/kg

bw/day)

Test Species Type of
Exposure

Observed
Effect

Extrapola-
tion

Factor b

Benchmark
Value (mg/kg

bw/day) c

Mammals

Antimony 1.25 Mouse Chronic Lowest effect
level

5 0.25

Arsenic 5.1 Mouse Chronic Lowest effect
level

5 1.02

Barium 5.06 Rat Chronic No effect level 1 5.06

Beryllium 0.66 Rat Chronic No effect level 1 0.66

Cadmium 2.52 Mouse Chronic Lowest effect
level

5 0.50

Chromium III 4000 Rat Chronic No effect level 1 4,000

Chromium VI 3.28 Rat Chronic No effect level 1 3.28

Copper 11.7 Mink Chronic No effect level 1 11.7

Lead -
inorganic

8 Rat Chronic No effect level 1 8.00

Lithium 9.39 Rat Chronic No effect level 1 9.39

Manganese 88 Rat Chronic No effect level 1 88

Mercury -
inorganic

13.2 Mouse Chronic No effect level 1 13.2

Mercury -
methyl

0.032 Rat Chronic No effect level 1 0.032

Nickel 40 Rat Chronic No effect level 1 40

Selenium 0.75 Mouse Chronic Lowest effect
level

10 0.075

Silver 50 Mouse Acute 50% mortality 100 0.5

Strontium 263 Rat Chronic No effect level 1 263

Thallium 0.74 Rat Subchronic Lowest effect
level

20 0.037

Vanadium 5 Rat Chronic No effect level 1 5

Zinc 160 Mouse Chronic No effect level 1 160
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Table 2. cont.

Benchmarks for Dietary Intake of Metals by Mammals and Birds

Experimental
Dose a (mg/kg

bw/day)

Test Species Type of
Exposure

Observed
Effect

Extrapola-
tion

Factor b

Benchmark
Value (mg/kg

bw/day) c

Birds

Arsenic 100 Mallard duck Chronic No effect level 1 100

Barium 208 Chicken Subchronic No effect level 10 20.8

Cadmium 1.45 Mallard duck Chronic No effect level 1 1.45

Chromium III 1 Black duck Chronic No effect level 1 1

Copper 33.2 Chicken Chronic No effect level 1 33.2

Lead -
inorganic

3.85 American
kestrel

Chronic No effect level 1 3.85

Mercury -
methyl

0.064 Mallard duck Chronic Lowest effect
level

5 0.013

Nickel 77.4 Mallard duck Chronic No effect level 1 77.4

Selenium 0.4 Mallard duck Chronic No effect level 1 0.4

Silver 50 Mouse Acute 50% mortality 100 0.5

Vanadium 11.4 Mallard duck Chronic No effect level 1 11.4

Zinc 300 Mallard duck Subchronic Lowest effect
level

20 15

a Daily dose in mg of the element per kg body weight. Data from multiple sources summarized by Opresko et al.
1994. Silver data from Sax 1984.

b Extrapolation factors from Ford et al. 1992.
c Benchmarks are calculated as the experimental dose divided by an extrapolation factor to obtain a no-effect

concentration.
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5.0 MONITORING RESULTS5.0 MONITORING RESULTS

The results of the 1994 field collection as averages of replicates are presented in this
section. Raw (unaveraged) data are presented in Appendix 2. QA/QC information is
presented in Appendix 3.

5.1 TRACE ELEMENTS

The average dry weight concentration of trace elements (metals and metalloids) in KFDW
sediment and tissues are shown in Table 3. Table 3 also shows the average concentrations
of these metals in Santa Rosa Treatment Plant reclaimed water between 1991 and 1994.

The highest tissue concentrations of aluminum, arsenic, cadmium, chromium, mercury,
selenium, silver, and zinc were found in mosquitofish. Crayfish contained the highest
concentrations of copper, and cattail rhizomes contained the highest concentrations of lead
and nickel. Mosquitofish prey items were not analyzed since sufficient biomass could not
be collected.

Table 3.

Averagea dry weight concentration of trace elements in Kelly Farm tissues and
sediment in the 1994 study and average concentration of trace elements in

Santa Rosa reclaimed water between 1991 and 1994 (ppm)

Cattail
rhizomes

Crayfish Mosquito-
fish

Bulrush seeds Sediment Reclaimed water

Aluminum 1183b 449 1232 35.4 18500 0.024

Arsenic 0.30 0.77 0.325 0.063c 3.38 0.0020

Cadmium 0.20c 0.15c 0.26c 0.063c 0.345c 0.0017

Chromium 4.09 1.88 4.9375 0.30 63.5 0.0026

Copper 7.38 85.7 6.79 4.35 24.6 0.011

Lead 1.24 0.94 1.06 0.27 11.1 0.015

Mercury 0.040c 0.05 0.11 0.017 0.089 0.0008

Nickel 7.10 4.49 4.86 3.56 97.1 0.0064

Selenium 0.40c 0.59 0.84 0.2 0.675c 0.0010

Silver 0.92 0.596 1.36 0.804 3.32c 0.0012

Zinc 15.4 62.2 142.25 4.97 63.8 0.024

a For concentrations below the reporting limit, the reporting limit was used in averages
b Large value possibly due to outlier.
c All replicates were below the reporting limit. Values shown are the average reporting limit.
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5.2 ORGANIC COMPOUNDS

The concentrations of all organic compounds that were analyzed in all tissue and sediment
samples were below the reporting limit. The organic compounds analyzed and their
reporting limits are shown in Table 4. Reporting limits for each compound were the same
for all tissue replicates. The values shown for sediment are the average reporting limit for
each compound.

Table 4.

Organic compounds analyzed in Kelly Farm tissue and sediment samples. All organics
were below the reporting limits. Shown are the reporting limits (ppb dry weight)

Constituent Cattail Rhizomes Crayfish Mosquito-fish Bulrush Seeds Sediment

Percent Moisture 75.3 46.5 80.9 23.1 41.95

Percent Lipid 0.143 1.06 2.93 0.725

Herbicides

2,4-D <100 <100 <100 <100 <172.5

2,4,5-TP <20 <20 <20 <20 <34.5

2,4,5-T <20 <20 <20 <20 <34.5

Organophosphorous
Pesticides

Azinphos methyl <8 <8 <8 <8 <5.7

Bolstar <5.6 <5.6 <5.6 <5.6 <3.975

Chloropyrifos <8 <8 <8 <8 <5.7

Coumaphos <16 <16 <16 <16 <11.5

Demeton, O,S <9.6 <9.6 <9.6 <9.6 <6.925

Diazinon <16 <16 <16 <16 <16.25

Diclorovos <64 <64 <64 <64 <46.75

Dimethoate <21 <21 <21 <21 <15.25

Disulfoton <5.6 <5.6 <5.6 <5.6 <3.975

EPN <3.2 <3.2 <3.2 <3.2 <2.275

Ethoprop <16 <16 <16 <16 <11.5

Fensulfothion <6.4 <6.4 <6.4 <6.4 <4.675

Fenthion <8 <8 <8 <8 <5.7

Malathion <8.8 <8.8 <8.8 <8.8 <6.425

Merphos <16 <16 <16 <16 <11.5

Mevinphos <40 <40 <40 <40 <29.25
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Table 4.

Organic compounds analyzed in Kelly Farm tissue and sediment samples. All organics
were below the reporting limits. Shown are the reporting limits (ppb dry weight)

Constituent Cattail Rhizomes Crayfish Mosquito-fish Bulrush Seeds Sediment

Naled <40 <40 <40 <40 <29.25

Ethyl parathion <4.8 <4.8 <4.8 <4.8 <3.45

Methyl parathion <9.6 <9.6 <9.6 <9.6 <6.925

Phorate <3.2 <3.2 <3.2 <3.2 <2.275

Ronnel <5.6 <5.6 <5.6 <5.6 <3.975

Sulfotep <5.6 <5.6 <5.6 <5.6 <3.975

Tepp <64 <64 <64 <64 <46.75

Stirophos <64 <64 <64 <64 <46.75

Tokuthion <8.8 <8.8 <8.8 <8.8 <6.425

Trichloronate <64 <64 <64 <64 <46.75

Monocrotophos <16 <16 <16 <16 <86.75

Organochlorine
Pesticides and PCBs

Gamma-BHC (Lindane) <8 <8 <8 <8 <2.925

Heptachlor <8 <8 <8 <8 <2.925

Aldrin <8 <8 <8 <8 <2.925

Heptachlor epoxide <8 <8 <8 <8 <2.925

Endosulfan I <8 <8 <8 <8 <2.925

Dieldrin <8 <8 <8 <8 <5.7

Endosulfan II <8 <8 <8 <8 <5.7

4,4'-DDT <8 <8 <8 <8 <5.7

Alpha-BHC <8 <8 <8 <8 <2.925

Beta-BHC <8 <8 <8 <8 <2.925

Delta-BHC <8 <8 <8 <8 <2.925

Gamma-chlordane <8 <8 <8 <8 <2.925

Alpha-chlordane <8 <8 <8 <8 <2.925

4,4'-DDE <8 <8 <8 <8 <5.7

Endrin <8 <8 <8 <8 <5.7

4,4'-DDD <8 <8 <8 <8 <5.7

Endosulfan sulfate <8 <8 <8 <8 <5.7

Endrin aldehyde <8 <8 <8 <8 <5.7

Toxaphene <40 <40 <40 <40 <292.5
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Table 4.

Organic compounds analyzed in Kelly Farm tissue and sediment samples. All organics
were below the reporting limits. Shown are the reporting limits (ppb dry weight)

Constituent Cattail Rhizomes Crayfish Mosquito-fish Bulrush Seeds Sediment

Aroclor 1016 <40 <40 <40 <40 <44.63

Aroclor 1221 <40 <40 <40 <40 <115

Aroclor 1232 <40 <40 <40 <40 <57

Aroclor 1242 <40 <40 <40 <40 <57

Aroclor 1248 <40 <40 <40 <40 <57

Aroclor 1254 <40 <40 <40 <40 <57

Aroclor 1260 <40 <40 <40 <40 <57

Methoxychlor <29.25

Endrin ketone <5.7

Total organic carbon
(ppm)

5862.5

pH 8.38

Acid volatile sulfide (ppm) 168.4
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6.0 COMPARISON OF 1994 RESULTS WITH6.0 COMPARISON OF 1994 RESULTS WITH
1991 RESULTS1991 RESULTS

In this section the results of the 1994 bioaccumulation/magnification KFDW study are
compared to the results obtained in the 1991 KFDW study. Replicate samples were taken
in 1994 but not in 1991 so assessment of changes in concentrations cannot be evaluated
statistically.

6.1 TRACE ELEMENTS

The concentrations of trace elements in KFDW tissues and sediment in the 1991 and the
1994 studies are presented in Tables 5 through 15.

6.1.1 Aluminum

Table 5.

Concentration (ppm dry weight) of aluminum in KFDW
tissue and sediment

1994

Sample Type Meana Range 1991

Cattail Rhizomes 1183 317-2420 2000

Bulrush Seeds 35.4 32.9-37 45.1

Crayfish 449 387-556 725

Mosquitofish 1232 626-1630 397

Sediment 18500 14400-20900 26200

a For concentrations below the reporting limit, the reporting limit was
used for averages

Most tissue types and sediment show a decrease in aluminum concentration in 1994 with
respect to the 1991 samples. The exception to this decrease in aluminum is in mosquitofish
which greatly increased in aluminum concentration since 1991. The minimum value of
aluminum in mosquitofish for any of the four replicate samples in 1994 was 626 ppm. This
minimum is higher than the 1991 concentration of aluminum, indicating that the difference
between years may be genuine.
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6.1.2 Arsenic

Table 6.

Concentration (ppm dry weight) of arsenic in
KFDW tissue and sediment

1994

Sample Type meana range 1991

Cattail Rhizomes 0.30 0.19-0.48 <1.54

Bulrush Seeds <0.063b 0.06-0.07 <0.35

Crayfish 0.77 0.30-1.71 <0.97

Mosquitofish 0.325 0.25-0.51 <0.85

Sediment 3.38 3.2-3.5 2.97

a For concentrations below the reporting limit, the reporting
limit was used for averages

b All concentrations below the reporting limit, the value
shown is the reporting limit

An increase in arsenic was found in the KFDW sediment from 1991 (2.97 ppm) to 1994
(3.38) ppm. The arsenic in the sediment in 1994 ranged from 3.2 to 3.5 ppm. Although in
1994 arsenic was detectable in at least one of the replicates for each of the tissue types,
the average concentrations were less than the reporting limits for the 1991 samples.
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6.1.3 Cadmium

Table 7.

Concentration (ppm dry weight) of cadmium in KFDW tissue and
sediment

1994

Sample Type meana range 1991

Cattail Rhizomes <0.20b 0.19-0.22 <0.38

Bulrush Seeds <0.063b 0.06-0.07 <0.09

Crayfish <0.15b 0.14-0.15 <0.24

Mosquitofish <0.26b 0.25-0.28 <0.21

Sediment <0.34b 0.33-0.36 <0.12

a For concentrations below the reporting limit, the reporting limit was used for
averages

b All concentrations below the reporting limit, the value shown is the reporting
limit

KFDW tissue and sediment cadmium levels in 1991 and in all replicates in 1994 were
below the reporting limits.

6.1.4 Chromium

Table 8.

Concentration (ppm dry weight) of chromium in KFDW tissue and
sediment

1994

Sample Type meana range 1991

Cattail Rhizomes 4.09 1.58-7.87 5.46

Bulrush Seeds 0.30 0.28-0.32 <0.87

Crayfish 1.88 1.73-2.14 <2.42

Mosquitofish 4.94 3.26-5.74 <2.14

Sediment 63.5 51.8-70.5 89.1

a For concentrations below the reporting limit, the reporting limit was used for averages
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Most KFDW tissue types and sediment show a decrease in chromium concentration in
1994 with respect to the 1991 samples. For the tissues that chromium concentrations were
below detection in 1991, the 1994 concentrations were below the 1991 reporting limit.
The exception to the decrease in chromium is in mosquitofish which increased in
chromium concentration from <2.14 ppm in 1991 to 4.94 ppm in 1994. The minimum
value of chromium in mosquitofish for any of the four replicate samples in 1994 was 3.26
ppm. This minimum is higher than the 1991 concentration of chromium in mosquitofish,
indicating that the difference between years may be genuine.

6.1.5 Copper

Table 9.

Concentration (ppm dry weight) of copper in KFDW tissue
and sediment

1994

Sample Type meana range 1991

Cattail Rhizomes 7.38 5.12-9.49 4.62

Bulrush Seeds 4.35 4.12-4.66 4.69

Crayfish 85.7 65.1-107 45.4

Mosquitofish 6.79 6.61-7.08 3.42

Sediment 24.6 24.3-27.7 42.1

a For concentrations below the reporting limit, the reporting limit was
used for averages

Copper concentrations in most KFDW tissue types increased from 1991 to 1994 but
decreased in bulrush seeds and in the KFDW sediment. In all cases, the 1991
concentrations were outside the ranges of the respective 1994 data, indicating that the
differences may be genuine.
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6.1.6 Lead

Table 10.

Concentration (ppm dry weight) of lead in KFDW tissue and
sediment

1994

Sample Type meana range 1991

Cattail Rhizomes 1.24 0.73-2.02 3.85

Bulrush Seeds 0.27 0.21-0.33 0.69

Crayfish 0.94 0.45-1.7 <0.48

Mosquitofish 1.06 0.73-1.42 <0.43

Sediment 11.1 10.3-12.1 13.6

a For concentrations below the reporting limit, the reporting limit was used for
averages

Lead concentrations in cattail rhizomes, bulrush seeds, and sediment were lower in 1994
than in 1991. Lead concentrations in mosquitofish and crayfish tissues were higher in 1994
than in 1991.  The 1991 values except for crayfish were outside the ranges of the 1994
data, indicating that the differences may be genuine.
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6.1.6 Mercury

Table 11.

Concentration (ppm dry weight) of mercury in KFDW
tissue and sediment

1994

Sample Type meana range 1991

Cattail Rhizomes <0.040b 0.038-0.041 <0.15

Bulrush Seeds 0.017 0.017-0.018 <0.03

Crayfish 0.05 0.035-0.069 0.11

Mosquitofish 0.11 0.099-0.11 0.27

Sediment 0.089 0.079-0.10 <0.05

a For concentrations below the reporting limit, the reporting limit was
used for averages

b All concentrations below the reporting limit, the value shown is the
reporting limit

Mercury concentrations in crayfish and mosquitofish tissues were lower in 1994 than the
concentrations measured in 1991. Sediment concentrations of mercury were higher in
1994 than in 1991. Mercury is the only trace element (in detectable levels) that increased
in KFDW sediment since 1991. Because the 1991 values for crayfish, mosquitofish, and
sediment fall outside their respective ranges in 1994, the differences may be genuine.
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6.1.8 Nickel

Table 12.

Concentration (ppm dry weight) of nickel in KFDW tissue and sediment

1994

Sample Type meana range 1991

Cattail Rhizomes 7.10 3.33-12.3 22.3

Bulrush Seeds 3.56 3.12-4.28 3.65

Crayfish 4.49 2.47-8.48 14.5

Mosquitofish 4.86 2.96-5.96 7.26

Sediment 97.1 86.4-107 124

a For concentrations below the reporting limit, the reporting limit was used for averages

The average concentration of nickel was lower in the KFDW tissues and sediment
examined in 1994 than was observed in 1991. The 1991 concentrations of nickel for
sediment and all tissue types except bulrush seeds fell outside the range of the 1994 data,
indicating that the differences may be genuine.

6.1.9 Selenium

Table 13.

Concentration (ppm dry weight) of selenium in KFDW tissue and sediment

1994

Sample Type meana range 1991

Cattail Rhizomes <0.40b 0.38-0.43 <1.54

Bulrush Seeds 0.20 0.13-0.34 <0.35

Crayfish 0.59 0.30-1.16 <0.97

Mosquitofish 0.84 0.51-1.76 <0.85

Sediment <0.68b 0.6-0.7 <0.50

a For concentrations below the reporting limit, the reporting limit
was used for averages

b All concentrations below the reporting limit, the value shown is the reporting limit
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The concentration of selenium in KFDW sediment and tissues in 1994 cannot be directly
compared to the 1991 data since the concentration of selenium in 1991 was below the
reporting limits for all tissues and sediments. However, the 1994 detectable average
concentrations did not exceed the 1991 detection limits.

6.1.10 Silver

Table 14.

Concentration (ppm dry weight) of silver in KFDW
tissue and sediment

1994

Sample Type meana range 1991

Cattail Rhizomes 0.92 0.43-1.36 <0.38

Bulrush Seeds 0.80 0.76-0.83 <0.09

Crayfish 0.60 0.29-1.04 0.29

Mosquitofish 1.36 0.50-1.74 <0.21

Sediment <3.32b 3.15-3.57 0.59

a For concentrations below the reporting limit, the reporting limit was
used for averages

b All concentrations below the reporting limit, the value shown is the
reporting limit

The average concentrations of silver in all tissue types in 1994 were higher than the
concentrations found in the 1991 study. The 1991 concentrations of silver in all tissue
types except crayfish fell outside the range of the 1994 data, indicating that the differences
may be genuine. The high reporting limit for the concentration of silver in the sediment in
1994 precludes any comparison with the 1991 sediment data.
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6.1.11 Zinc

Table 15.

Concentration (ppm dry weight) of zinc in KFDW
tissue and sediment

1994

Sample Type meana range 1991

Cattail Rhizomes 15.4 10.5-18.8 41.5

Bulrush Seeds 4.97 4.74-5.17 10.2

Crayfish 62.2 61.1-63.4 91.8

Mosquitofish 142 138-150 128

Sediment 63.8 59.9-75.5 139

a For concentrations below the reporting limit, the reporting limit
was used for averages

The concentrations of zinc in KFDW sediment and cattail rhizome, bulrush seed, and
crayfish tissues were lower in 1994 than in 1991. The concentration of zinc in
mosquitofish tissue was higher in 1994 than in 1991. Since the 1991 concentrations of zinc
in sediment and all tissue types fell outside the respective ranges of the 1994 data, the
differences may be genuine.

6.2 ORGANICS

Organochlorine pesticides analyzed in the 1991 study in mosquitofish and sediment were
all below the reporting limit. All of the organics analyzed in the 1994 study were below
the reporting limits. The reporting limits for organics in the 1994 study were lower than
the reporting limits in the 1991 study (Table 16).
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Table 16.

Organic substances analyzed in the 1991 and the 1994 studies. All organics
were below the reporting limits. Shown are the reporting limits

(ppb dry weight)

Mosquitofish Sediment

Constituent 1994 1991 1994 1991

Chlordane <8 <90 <2.9 <500

4,4’-DDD <8 <40 <5.7 <250

4,4’-DDE <8 <40 <5.7 <250

4,4’-DDT <8 <40 <5.7 <250

Dieldrin <8 <40 <5.7 <250

Lindane <8 <40 <2.9 <20

PCBs <40 <210 <57 <1240

6.3 SUMMARY OF 1991 AND 1994 COMPARISON

The evaluation of data for sediments collected from KFDW in August 1994 in comparison
to 1991 data was limited to metals because organic compounds (including pesticides and
PCBs) were not present at detectable concentrations. An identification of general trends in
the metals concentrations was conducted by comparison of average values for 1994 to
data from single measurements in 1991. This comparison is not conclusive since only
single samples were collected and there may be high variability at the site, which is not
adequately represented by a single sample.

Five metals had reduced concentrations in 1994 relative to the 1991 data, both in sediments
and in wetland vegetation: aluminum, chromium, lead, nickel, and zinc (Table 17). The
concentrations of aluminum, chromium, and lead were slightly higher in reclaimed water in
1994 than in 1991 and the concentration of nickel was only slightly lower in 1994 than in 1991.
Therefore, changes in reclaimed water concentrations in aluminum, chromium, lead and nickel
are unlikely to be the cause of the reduced concentrations in vegetation and sediments. The
average concentration of zinc in reclaimed water was 48 percent lower in 1994 than in 1991.
Although the higher average reclaimed water concentration of zinc in 1991 was due primarily
to one particularly high value, it is possible that reductions in reclaimed water concentrations
lead to a reduction in zinc in KFDW vegetation and sediments. Concentration reductions
ranged from 18 percent to 54 percent for sediments, and from 2 percent to 68 percent for
vegetation tissues.  An average 42 percent concentration reduction in sediments was also
observed for copper during the 1994 survey.  The average concentration of copper in
reclaimed water in
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1994 was 15 percent lower than in 1991 (Table 18), but this change is probably too small
to account for the change in copper in sediments. These changes do not appear to be
related to changes in reclaimed water concentrations (Table 18).

Increases in metals content of the sediments in 1994 relative to 1991 were documented for
arsenic and mercury. However, the average concentration of these metals in Santa Rosa’s
reclaimed water was the same or slightly lower in 1994 than in 1991 (Table 18). If the
concentrations of metals in sediments in 1991 had reached equilibrium with reclaimed
water, this would indicate the sediment increases were not due to increases in these metals
in reclaimed water discharge. If the sediment content of the metals in 1991 had not yet
reached equilibrium with reclaimed water, the increase may be due to increased loading
from reclaimed water. The reclaimed water concentrations of these metals in the
intervening years (1992 and 1993) were not appreciably different than 1991 and 1994
(Table 18). Changes in plant tissue content for these two metals could not be documented
because their concentrations were below analytical detection limits. The 1994 data showed
silver and copper as the only metals in plant tissue for which concentrations increased
relative to 1991. The increase in silver and copper concentrations in plants is not likely due
to changes in reclaimed water since the average concentrations of both copper and silver
in reclaimed water were lower in 1994 than in 1991 (though only slightly for copper).

The increase in the aluminum concentration in mosquitofish in 1994 relative to 1991 may
be due to the increase in the average concentration in aluminum in reclaimed water
between 1991 and 1994. However, the increase in reclaimed water concentration was not
reflected in sediments and vegetation which decreased between 1991 and 1994.

Table 17.

Concentration of Metals in Sediments and Organism Tissues of Kelly Farm
Demonstration Wetlands

Concentration Tissue Concentration (mg/kg)

in Sediments Wetland Vegetation Aquatic Fauna

 (mg/kg) Cattail Rhizomes Bulrush Seeds Crayfish Mosquitofish

Aluminum

1994, average
concentrationa

18,500 1,183 35 449 1,232

1991, single sampleb 26,200 2,000 45 725 397

Change relative to
1991

-29% -41% -22% -38% 210%
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Table 17. cont.

Concentration of Metals in Sediments and Organism Tissues of Kelly Farm
Demonstration Wetlands

Concentration Tissue Concentration (mg/kg)

in Sediments Wetland Vegetation Aquatic Fauna

 (mg/kg) Cattail Rhizomes Bulrush Seeds Crayfish Mosquitofish

Arsenic

1994, average
concentrationa

3.38 0.30 <0.06 0.77 0.33

1991, single sampleb 2.97 <1.5 <0.35 <0.97 <0.85

Change relative to
1991

14% - - - -

Cadmium

1994, average
concentrationa

<0.34 <0.20 <0.06 <0.15 <0.26

1991, single sampleb <0.12 <0.07 <0.09 <0.24 <0.21

Change relative to
1991

- - - - -

Chromium

1994, average
concentrationa

63.5 4.09 0.30 1.88 4.94

1991, single sampleb 89.1 5.46 <0.87 <2.42 <2.14

Change relative to
1991

-29% -25% - - Increased

Copper

1994, average
concentrationa

24.6 7.38 4.35 85.7 6.79

1991, single sampleb 42.1 4.62 4.69 45.4 3.42

Change relative to
1991

-42% 60% -7% 89% 99%

Lead

1994, average
concentrationa

11.1 1.24 0.27 0.94 1.06

1991, single sampleb 13.6 3.85 0.69 <0.48 -0.43

Change relative to
1991

-18% -68% -61% Increased Increased
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Table 17. cont.

Concentration of Metals in Sediments and Organism Tissues of Kelly Farm
Demonstration Wetlands

Concentration Tissue Concentration (mg/kg)

in Sediments Wetland Vegetation Aquatic Fauna

 (mg/kg) Cattail
Rhizomes

Bulrush
Seeds

Crayfish Mosquitofish

Mercury

1994, average
concentrationa

0.089 <0.038 0.017 0.050 0.110

1991, single sampleb <0.050 <0.150 <0.03 0.110 0.270

Change relative to 1991 Increased - - -55% -59%

Nickel

1994, average
concentrationa

97.1 7.1 3.6 4.5 4.9

1991, single sampleb 124.0 22.3 3.7 14.5 7.3

Change relative to 1991 -22% -68% -2% -69% -33%

Selenium

1994, average
concentrationa

<0.7 <0.38 0.20 0.59 0.84

1991, single sampleb <0.5 <1.54 <0.35 <0.97 <0.85

Change relative to 1991 - - - - -

Silver

1994, average
concentrationa

<3.3 0.92 0.80 0.60 1.36

1991, single sampleb 0.59 <0.38 <0.09 0.29 <0.21

Change relative to 1991 - Increased Increased 107% -

Zinc

1994, average
concentrationa

63.8 15.4 5.0 62.2 142.2

1991, single sampleb 139.0 41.5 10.2 91.8 128.0

Change relative to 1991 -54% -63% -51% -32% 11%

a Average of four composite samples of sediment and three composite samples of organisms collected in August
1994.

b Concentration for single grab sample collected in October 1991.
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Table 18.

Average Concentration of trace elements (ppm) in reclaimed watera

Constituent 1991 1992 1993 1994

Aluminum 0.024 0.045 0.030 0.037

Arsenic 0.0030 0.0018 0.0019 0.0015

Cadmium 0.0005 0.0009 0.0011 0.0004

Chromium 0.0020 0.0028 0.0022 0.0021

Copper 0.014 0.013 0.011 0.012

Lead 0.0013 0.0085 0.0094 0.0024

Mercury 0.0004 0.0004 0.0004 0.0004

Nickel 0.0051 0.0045 0.0038 0.0049

Selenium 0.0005 0.0005 0.0005 0.0005

Silver 0.0012 0.0013 0.0009 0.0006

Zinc 0.042 0.028 0.020 0.022

a Averages were calculated using half the reporting limit for samples that were below detection.

A comparison of crayfish data showed that, similarly to sediments and vegetation,
aluminum, nickel and zinc concentrations were lower in 1994 than in 1991 (32 to 69
percent reduction), while concentration increases were detected for silver and copper in
1994 (89 to 107 percent increase). Crayfish data differed from vegetation data in the
decrease of mercury and increase of lead concentrations from 1991 to 1994. Temporal
changes in the content of arsenic, cadmium, chromium, and selenium in crayfish tissues
could not be documented because tissue concentrations reported in 1991 were below
analytical detection limits (Table 17).

Temporal trends in metals concentration for mosquitofish largely mirrored those observed
in crayfish tissues for mercury and nickel (lower concentrations in 1994 than in 1991), and
for copper, lead, and silver (increased concentrations in 1994). Aluminum concentration in
mosquitofish, unlike crayfish data, increased in 1994 relative to the previously collected
data.
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7.0 BIOACCUMULATION7.0 BIOACCUMULATION

7.1 WETLAND VEGETATION

No evidence of bioaccumulation of metals in tissues of Kelly Farm wetland vegetation was
found in this study. All metals present at detectable concentrations in sediments have
substantially lower concentrations in the vegetation, both in rhizomes and seeds (Table
19). Concentrations of aluminum, arsenic, chromium, lead, and nickel in vegetation tissues
were equivalent to less than 12 percent of their concentration in sediments. Reduced
concentrations in vegetation relative to the sediments were also documented for copper,
mercury, and zinc (less than 30 percent of the sediment concentration). No data on
bioaccumulation of three other metals (cadmium, selenium, and silver) are available
because their concentrations in sediments were below analytical detection limits.

7.2 AQUATIC FAUNA

Similarly to wetland vegetation data, aquatic organisms tissues showed no evidence of
bioaccumulation for aluminum, arsenic, chromium, lead, and nickel. Average
concentrations of these five metals in crayfish and mosquitofish samples were less than 30
percent of the concentrations detected in sediments (Table 19).

The concentration of copper in mosquitofish tissues was less than in sediment, but a
bioaccumulation factor of 3.5 was calculated for crayfish (Table 19). Accumulation of this
metal in crayfish tissues can be expected because copper is a major component of the
respiratory pigment hemocyanine of crustaceans, therefore this metal can be expected to
be actively accumulated and regulated by these and many other organisms for their benefit.

Bioaccumulation factors for zinc in crayfish and mercury in crayfish and mosquitofish
ranged from 0.56 to 1.24, indicating that the concentrations of these metals in animal
tissues and in sediments are similar. Zinc concentration in mosquitofish, however, was
twice as high as that measured in sediments suggesting a possible accumulation, or
concentration from water, in fish tissues. However, zinc is an essential micronutrients in
the metabolism of fish. The typical concentration of zinc in prepared fish food is 100,000
ppb. The potential effect of zinc on aquatic and terrestrial life is explored further in the
Ecological Risk Assessment Technical Report (Parsons ES 1996).
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Table 19.

Potential Bioaccumulation of Metals in Organism Tissues Of Kelly Farm Demonstration Wetlands

Concentration in
Ratio of Tissue Concentration to Sediment

Concentrationa

Tissue Concentration (mg/kg)

Sediments
(mg/kg)

Cattail
Rhizomes

Bulrush
Seeds

Crayfish Mosquitofish Cattail Rhizomes Bulrush
Seeds

Crayfish Mosquitofish

Aluminum 18,500 0.06 < 0.01 0.02 0.07 1,183 35 449 1,232

Arsenic 3.38 0.09 < 0.02 0.23 0.10 0.30 < 0.06 0.77 0.33

Cadmium < 0.36 - - - - < 0.22 < 0.06 < 0.15 < 0.28

Chromium 63.5 0.06 < 0.01 0.03 0.08 4.09 0.30 1.88 4.94

Copper 24.6 0.30 0.18 3.48 0.28 7.38 4.35 85.7 6.79

Lead 11.1 0.11 < 0.01 0.08 0.10 1.24 0.03 0.94 1.06

Mercury 0.089 - 0.19 0.56 1.24 < 0.038 0.017 0.050 0.110

Nickel 97.1 0.07 0.04 0.05 0.05 7.1 3.6 4.5 4.9

Selenium < 0.7 - - - > 1.0 < 0.38 0.20 0.59 0.84

Silver < 3.6 - - - - 0.92 0.80 0.60 1.36

Zinc 63.8 0.24 0.08 0.97 2.23 15.4 5.0 62.2 142.2

a Ratio of average concentration in tissues (3 replicates) relative to the average concentration in sediments (4 replicates). Data for cadmium, selenium, and silver are unavailable
(sediment concentrations below analytical detection limits).
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8.0 COMPARISON TO REFERENCE STUDIES8.0 COMPARISON TO REFERENCE STUDIES

8.1 WETLAND STUDIES

8.1.1 Wetland Vegetation

Two recent wetlands studies were used to evaluate concentration levels of metals in
sediments and vegetation of the Kelly Farm wetland demonstration project. The first study
analyzed the content of copper, lead, and zinc in sediments and vegetation of Crandall
Creek marsh in Fremont, California (Demgen 1993). The 55-acre constructed marsh is a
demonstration project for the treatment of contaminated urban runoff. The second study,
conducted in the Milltown Reservoir in western Montana, evaluated the content of five
metals (arsenic, cadmium, copper, lead, and zinc) in soils and vegetation of wetlands
receiving metal-contaminated sediments from a mining district (Linder et al. 1994). Data
for the two reference studies are summarized in Table 20. Sediments of Kelly Farm and
Crandall Creek marsh had similar concentrations of copper, lead, and zinc, and
comparable bioaccumulation factors for those metals in roots and rhizomes of vegetation
(Table 20). In both wetlands, metals concentrations in plant tissues were less than 41
percent of those detected in the sediments.

Compared to the Milltown Reservoir wetlands, Kelly Farm wetlands had lower
concentrations of arsenic, cadmium, copper, lead, and zinc, both in sediments and
organism tissues (Table 20). Bioaccumulation factors (except for zinc) were also lower at
Kelly Farm, which had values from 0.09 to 0.61. At Milltown Reservoir, the vegetation
content of cadmium and lead was similar or exceeded the concentration measured in the
sediments. At Milltown Reservoir, zinc levels in vegetation were very elevated relative to
Kelly Farm, but the bioaccumulation factor was low due to the high concentration of the
metal sediments of the Milltown Reservoir. This suggests that physiological regulation of
zinc may occur in emergent plants.

8.1.2 Aquatic Fauna

Few reference studies are available that relate metals bioaccumulation in aquatic organisms
to concentrations in wetland sediments. For evaluation of the potential bioaccumulation of
metals in aquatic organisms of Kelly Farm wetlands, a recent study of the Clark Fork
River (Western Montana) at six locations exhibiting a well-defined gradient of metals
concentrations was selected. This study provided data on metals accumulation in the
aquatic amphipod Hyallela azteca from sediments (Ingersoll et al. 1994). The
bioaccumulation evaluation was a component of a multidisciplinary evaluation of potential
effects to aquatic and terrestrial organisms in a stream segment where mining activities
have resulted in sediments with elevated content of arsenic, cadmium, copper, lead,
manganese, and zinc.
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Table 20.

Comparison of Metals concentrations In Wetland Vegetation

Concentration (mg/kg) Kelly Farm
Wetlands, CA

Crandall Creek
Marsh, CA

Milltown Reservoir
Wetlands, MT

Arsenic

Sediments 3.38 - 15.0
Roots of vegetation 0.30 - 4.2

Cadmium

Sediments 0.36 - 3.0
Roots of vegetation 0.22 - 5.4

Copper

Sediments 24.6 50.3 50.0

Roots of vegetation 7.4 16.1 21.9

Lead

Sediments 11.1 8.0 22.0

Roots of vegetation 1.2 3.2 22.9

Zinc

Sediments 63.8 99.5 930.0

Roots of vegetation 15.4 40.8 73.8

Bioconcentration Factors

Arsenic 0.09 - 0.28

Cadmium 0.61 - 1.79

Copper 0.30 0.32 0.44

Lead 0.11 0.40 1.04

Zinc 0.24 0.41 0.08

1.  Kelly Farm: August 1994 average values for
sediments and cattail rhizomes (this report).
2.  Crandall Creek: data for marsh sediments and
cattail roots (Typha latifolia) (Demgen 1993).
3.  Milltown Reservoir: data for soils and below
ground tissues of aquatic vegetation at sites
where the minimum contamination levels were
detected (Linder et al. 1994).

For comparison to the Kelly Farm data, results of the three sites at Clark Fork River with the
lowest detected concentrations of metals were used: a reference site located upstream of the
mining area (CF-06), and two sites where sediments exhibited moderately elevated metals
concentrations (CF-05 and CF 04). Sediment and organism tissue data for these
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sites, along with the Kelly Farm data are summarized in Table 21. As an indication of the
potential long-term bioaccumulation, the metals content in tissues as a fraction of the
sediment concentration is presented in Table 21. Tissue concentrations significantly
exceeding those found in sediments are indicative of a potential for bioaccumulation.

Comparison of the Kelly Farm wetlands data to values reported for Clark Fork River
indicates that, after four years of operation, increased metals concentrations are not
present in tissues of aquatic invertebrates collected from Kelly Farm wetland. At this
location, tissue concentrations of five out of six metals evaluated for potential
bioaccumulation (aluminum, arsenic, cadmium, lead, and zinc) were similar, or lower, than
concentrations reported for the Clark Fork River reference site (CF-06) where benthic
organisms are exposed to sediments with low metals content. At sites CF-05 and CF-04 in
Clark Fork River, where metals concentrations in sediments were similar or greater than at
Kelly Farm sediments, invertebrate tissues had substantially higher concentrations than
crayfish from Kelly Farm for metals other than copper (Table 21).

Comparison of crayfish and sediment data from Kelly Farm wetlands showed that there is
not a trend toward long-term bioaccumulation of metals. With the exception of copper,
tissue concentrations were lower than those in sediments (from 2 to 97 percent of the
sediment concentration). As discussed previously, copper is a major component of the
respiratory pigment hemocyanine of crustaceans, and thus would be expected to be high.
The following trends were observed in the data from the two studies (Table 21):

• For Clark Fork River, aluminum was present in organisms tissues at concentrations
similar to those in sediments. At Kelly Farm wetlands, where sediment concentrations
were elevated relative to the Clark Fork River, aluminum concentrations in crayfish
tissues were less than 2 percent of the sediment concentration.

• While arsenic in Clark Fork River has shown a potential for bioaccumulation (tissue
concentrations up to 5 times greater than sediment values), there was no indication of
bioaccumulation in Kelly Farm organisms. At this location, tissue concentrations were
less than 23 percent of the sediment value.

• Cadmium, a metal likely to bioaccumulate in organisms at the base of the aquatic food
chain, was found at Clark Fork River invertebrates at concentrations up to 240 percent
of the sediment concentration. In Kelly Farm, cadmium was below detection in
sediment and tissues.

• Relative to sediment values, concentrations of copper in KFDW and Clark Fork River
invertebrates ranged from 62 percent to 348 percent. The highest value of this range
corresponds to crayfish collected from Kelly Farm.

• Potential for bioaccumulation of lead was not observed at any of the four locations
evaluated. Concentration in invertebrate tissues ranged from 8 to 64 of the reported
sediment concentration

• Zinc did not exhibit a potential for bioaccumulation in crayfish, as concentrations
detected in organisms were similar levels to those in sediments (tissue to sediment
ratios from 0.8 to 1.2 at Kelly Farm wetlands and two Clark Fork River locations).
The Clark Fork River reference site, which had a very low zinc content in sediments,
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had a high tissue to sediment ratio (14.1). This difference may be due to active
physiological regulation over a wide range of sediment concentrations.

Table 21.

Comparison of Kelly Farm Monitoring Data to Reference Values on Metal
Bioaccumulation in Sediment Organisms

Concentration (mg/kg dry weight)

Kelly Farm Clark Fork River, MT b

Sediment Concentration (mg/kg) Wetlands, CA a Reference Site Site CF-05 Site CF-04

Aluminum 18,500 1,532 990 2,124

Arsenic 3.38 <0.50 2.70 10.8

Cadmium 0.36 0.07 0.76 1.9

Copper 24.6 <12.0 77 251

Lead 11.1 3.5 19.4 50.2

Zinc 64 <15 294 562

Concentration in Tissues of
Aquatic Invertebrates (mg/kg)

Aluminum 449 830 591 4,193

Arsenic 0.80 2.7 3.4 27

Cadmium 0.15 0.13 1.8 2.2

Copper 86 26 48 266

Lead 0.9 0.5 3.8 32

Zinc 62 212 359 453

Ratio of Tissue Concentration to
Sediment Concentration

Aluminum 0.02 0.54 0.60 1.97

Arsenic 0.23 5.40 1.26 2.50

Cadmium 0.42 1.86 2.36 1.14

Copper 3.48 2.17 0.62 1.06

Lead 0.08 0.15 0.20 0.64

Zinc 0.97 14.1 1.22 0.81

a Average values of August 1994 data for sediments and crayfish.
b Average values for sediments (Kemble et al. 1994) and the amphipod crustacean Hyalella azteca (Ingersoll et al.

1994) at
reference site CF-06 and two sites receiving sediments from a mining area.
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8.2 REFERENCE VALUES FOR EFFECTS ON ORGANISMS

8.2.1 Direct Exposure to Sediments

Potential adverse effects of metals from Kelly Farm sediments on aquatic organisms were
evaluated by the use of benchmark values for assessment of ecological risk. These values
identify threshold concentrations of metals and/or other contaminants in the sediment
above which there is a potential risk for effects on rooted vegetation or aquatic fauna.
Table 22 presents benchmark values for potential effects on those organisms by direct
exposure to the sediments, and the ratio of sediment concentration to benchmark values
(E/B ratio). Ratio values smaller than 1 indicate minimal or no risk to organisms, while
potential risks are identified by E/B ratios greater than 1.

No significant risks for adverse effects on vegetation and aquatic fauna from exposure to
Kelly Farm sediments were identified. All E/B ratios for both types of organisms were less
than the threshold value of 1.0, and well below the E/B ratio of 10 which identifies
potential significant risks on organism growth and survival (Table 22).

8.2.2 Exposure by Food Ingestion

Toxicological benchmarks for food intake were used to evaluate the risks for adverse
effects on terrestrial fauna from ingestion of Kelly Farm wetland vegetation and aquatic
organisms (Table 23). The exposure to benchmark ratios for this analysis were calculated
separately for mammals and birds using a daily ingestion rate equivalent to 20 percent of
the organism body weight per day. This rate was obtained from data summarized by EPA
(1993) for several wildlife species, including the heron and otter (consumers of fish and
aquatic invertebrates), and the muskrat and mallards (consumers of aquatic vegetation).

Based on available benchmarks for food ingestion, metals concentrations in vegetation and
aquatic organisms of the Kelly Farm wetlands do not pose a significant potential risk for
effects on terrestrial wildlife. For herbivore organisms that obtain most of their diet from
cattails and bulrushes, E/B ratios for birds and mammals were below the threshold value
of 1.0 (except for selenium in cattail rhizomes with an E/B ratio of 1.01) (Table 23). Low
E/B ratios were also calculated for organisms that are consumers of fish and
macroinvertebrates. Moderate potential risks (E/B ratios ranging from 1.46 to 2.24) were
identified for crayfish and mosquitofish ingestion based on available benchmarks for
copper, mercury, selenium and zinc (Table 23).
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Table 22.

Potential Effects in Organisms from Direct Exposure to Metals in Swdiments at the Kelly Farm Demonstration Wetlands

Concentration in Benchmarksb (mg/kg) Exposure to Benchmark Ratioc

Sedimentsa(mg/kg) Sediment Organisms Wetland Vegetation Sediment Organisms Wetland Vegetation

Aluminum 18,500 - - - -

Arsenic 3.38 57 30 0.06 0.11

Cadmium 0.36 5.1 5 0.07 0.07

Chromium 63.5 260 250 0.24 0.25

Copper 24.6 390 100 0.06 0.25

Lead 11.1 450 500 0.02 0.02

Mercury 0.089 0.410 2 0.22 0.04

Nickel 97.1 140 100 0.69 0.97

Selenium 0.70 - 3 - 0.23

Silver 3.60 6.10 20 0.59 0.18

Zinc 63.8 410 500 0.16 0.13

a Average of four composite samples; values for cadmium, selenium, and silver are the analytical detection limits.
b Benchmarks are threshold values for potential adverse effects on organisms based on toxicological data.

Benchmarks for sediment organisms (benthos) are the apparent effect thresholds, as summarized by the National Oceanic and Atmospheric Administration
(NOAA 1994: Screening Guidelines for Inorganics). Vegetation benchmarks were obtained from soil remediation criteria for parkland and residential use
developed by the Canadian Council of Ministers of the Environment (CCME 1991; Report EPC-CS34).

c E/B ratios ranging from 1 to 10 identify a low risk for adverse effects on organisms. More significant risks are identified by E/B ratios greater than 10 (Menzies
et al. 1993).
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Table 23.

Potential Risk for Adverse Effects on Terrestrial Fauna from Metals in Organism Tissues At the Kelly Farm
Demonstration Wetlands

Diet Source

Cattail Rhizomes Bulrush Seeds Crayfish Mosquitofish Dietary Benchmarka

(mg/kg)

Tissue Concentration at KFDW (mg/kg)

Arsenic 0.30 0.06 0.77 0.33 Not Applicable (NA)

Cadmium b 0.22 0.06 0.15 0.28 NA

Chromium 4.09 0.30 1.88 4.94 NA

Copper 7.38 4.35 85.7 6.79 NA

Lead 1.24 0.27 0.94 1.06 NA

Mercury 0.038 0.017 0.050 0.110 NA

Nickel 7.1 3.6 4.5 4.9 NA

Selenium 0.38 0.20 0.59 0.84 NA

Silver 0.92 0.80 0.60 1.36 NA

Zinc 15.4 5.0 62.2 142.2 NA
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Table 23. cont.

Potential Risk for Adverse Effects on Terrestrial Fauna from Metals in Organism Tissues At the Kelly Farm
Demonstration Wetlands

Diet Source

Cattail Rhizomes Bulrush Seeds Crayfish Mosquitofish Dietary Benchmarka

(mg/kg)

Risk for Effects on Small Mammalsc

Arsenic 0.06 0.01 0.15 0.06 1.02

Cadmium 0.09 0.02 0.06 0.11 0.5

Chromium 0.25 0.02 0.11 0.30 3.28

Copper 0.13 0.07 1.46 0.12 11.7

Lead 0.03 0.01 0.02 0.03 8

Mercury 0.24 0.11 0.31 0.69 0.032

Nickel 0.04 0.02 0.02 0.02 40

Selenium 1.01 0.53 1.57 2.24 0.075

Silver 0.37 0.32 0.24 0.54 0.5

Zinc 0.02 0.01 0.08 0.18 160
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Table 23. cont.

Potential Risk for Adverse Effects on Terrestrial Fauna from Metals in Organism Tissues At the Kelly Farm
Demonstration Wetlands

Diet Source

Risk for Effects on Game Birds c Cattail Rhizomes Bulrush Seeds Crayfish Mosquitofish Dietary Benchmarka

(mg/kg)

Arsenic 0.00 0.00 0.00 0.00 100

Cadmium 0.03 0.01 0.02 0.04 1.45

Chromium 0.82 0.06 0.38 0.99 1

Copper 0.04 0.03 0.52 0.04 33.2

Lead 0.06 0.01 0.05 0.06 3.85

Mercury 0.58 0.26 0.77 1.69 0.013

Nickel 0.02 0.01 0.01 0.01 77.4

Selenium 0.19 0.10 0.30 0.42 0.4

Silver 0.37 0.32 0.24 0.54 0.5

Zinc 0.21 0.07 0.83 1.90 15

a Benchmarks are reference values for potential adverse effects on organisms by food ingestion (Table 2)
b All cadmium concentrations were below the analytical detection limits
c Risks are calculated as the ratio of exposure (concentration in food source) to benchmark value (E/B ratio), assuming a food intake rate of 20 percent of the

organism's body weight per day. The E/B ratio characterizes the risk for adverse effects on organisms as negligible (values less than 1.0), moderate (values
from 1 to 10), and significant (values greater than 10) (Menzies et al. 1993).



S A N T A  R O S A  S U B R E G I O N A L  L O N G - T E R M  W A S T E W A T E R  P R O J E C T

E V A L U A T I O N  O F  B I O A C C U M U L A T I O N  I N  O R G A N I S M S  E X P O S E D  T O  R E C L A I M E D  W A T E R

MAY 24,  1996 43

9.0 STATE MUSSEL WATCH PROGRAM DATA9.0 STATE MUSSEL WATCH PROGRAM DATA

This section describes the results of the State Mussel Watch Program (SMWP) for
stations in the Project area. The SMWP is part of the State Water Resources Control
Board’s (SWRCB) long-term water quality monitoring program. Field and laboratory
work for the SMWP is conducted by the California Department of Fish and Game (DFG).
The City of Santa Rosa funds SMWP stations in the Laguna at the request of the Regional
Water Quality Control Board. The purpose of the SMWP is to monitor long-term trends
in pollutant concentrations in marine and freshwater organisms, identify locations where
higher-than-expected concentrations of pollutants exist, and provide the evidence needed
to initiate follow-up studies and actions to correct, and clean up sources of pollution
(SWRCB 1988). Data from 1977 through 1987 were obtained from SWRCB (1988).
More recent data were provided from Bruce Gwynne (North Coast Regional Water
Quality Control Board) and Gary Ichikawa (DFG). Data from the main stations on the
Laguna de Santa Rosa, Russian River below Healdsburg, Santa Rosa Creek, and Mark
West Creek were used. The stations above Santa Rosa’s discharge are Santa Rosa Creek
at Willowside Road, Mark West Creek at Slusser Road, the Laguna at Stony Point Road,
and the Russian River at Wohler Bridge. The stations below Santa Rosa’s discharge are
the Laguna at Wohler Road and the Russian River at Hacienda. Control data came from
Aptos Creek and Isabella Lake. The entire data set for the project area is given in
Appendix 4.

9.1 TRACE ELEMENTS

Bivalves (clams for freshwater stations) were collected for analysis of trace elements from
on the Laguna de Santa Rosa, Santa Rosa Creek, Mark West Creek, and the Russian
River (Figure 2). Tissues were analyzed for aluminum, arsenic, cadmium, chromium,
copper, lead, manganese, mercury, nickel, selenium, silver, and zinc. Most of the samples
were collected from 1990 through 1994. Prior to 1990, only four samples were collected
(all from the mouth of the Russian River). Samples were not collected from all stations on
all dates. This is usually due to loss of some or all bags of bivalves due to adverse
environmental conditions. When only part of the bags are retrieved, not all analyses can be
conducted. The concentrations of trace elements in clam tissue from the main stations on
the Laguna de Santa Rosa and the Russian River are shown in Figure 3.

9.2 ORGANIC COMPOUNDS

Bivalves were collected for analysis of organic compounds from 10 stations within the
project area. Most of the samples were collected from 1990 through 1994. Prior to 1990,
only two samples were collected in the Project area. As discussed above, samples were
not collected from all stations on all dates. Over 150 organic compounds were analyzed.
Of these, only eleven compounds or groups of compounds were found in detectable
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quantities in clams from stations below the Santa Rosa reclaimed water discharge: total
chlordane, total DDT, total PCB, total PAH, chlorpyrifos, dacthal, dieldrin, oxadiazon,
total heptachlor, hexachlorobenzene, and total BHC. The concentration of these organic
compounds in clam tissue from the main stations on the Laguna and the Russian River are
shown in Figure 4.

9.3 COMPARISON ABOVE AND BELOW SANTA ROSA’S DISCHARGE

9.3.1 Trace Elements

Data were analyzed from four stations above Santa Rosa’s reclaimed water discharge
(Laguna at Stony Point Road, Santa Rosa Creek at Willowside Road, Mark West Creek at
Slusser Road, and the Russian River at Wohler Road) and two stations below the
discharge (Laguna at Wohler Road and the Russian River at Hacienda) (Figure 2). The
mean concentrations of trace elements in tissues for stations above and below the
discharge for 1990-1994 along with the average concentrations in control tissues (Aptos
Creek in 1990 and 1991 and Isabella Lake in 1993) are shown in Table 24. Data were
averaged over time to evaluate major trends. Individual years were plotted (Figure 3) to
determine more subtle trends.

Table 24

Average concentrations of trace elements in Corbicula tissue
ppm dry weight

Constituent Above discharge Below discharge Control EDL 85a

Aluminum 1075 1142 983 693

Arsenic 10.7 10.5 13.7 -

Cadmium 2.0 2.1 2.7 12

Chromium 10.4 10.4 28.0 3

Copper 75.6 77.6 98.3 38

Lead 0.72 0.59 0.31 2

Manganese 67.8 60.9 64.0 66

Mercury 0.26 0.28 0.21 0.31

Nickel 8.7 6.1 10.5 -

Selenium 2.7 3.0 3.3 -

Silver 0.12 0.14 0.20 0.31

Zinc 152 145 143 169

a EDL 85 = concentration of toxic substance that equals 85 percent of all SMWP measurements of toxic
substance in the same mussel or clam type between 1977 and 1987 (the 85th cumulative frequency percentile)
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Average concentrations of trace elements in clam tissues were similar above and below the
discharge and were similar to the concentrations in control clams. They were also similar
to or lower than the EDL 85, with the exceptions of aluminum, chromium and copper.
The control tissues also exceeded the EDL 85 for aluminum, chromium and copper.
Statistical analyses (t-tests and Mann Whitney rank sum tests) revealed no significant
differences between the average concentrations of aluminum, arsenic, cadmium,
chromium, copper, lead, manganese, mercury, nickel, selenium, silver, or zinc in clams
above the discharge and below the discharge. No statistically significant differences
existed between the average concentrations of any of the metals in clams below the
discharge and in the control clams. However, the power of these tests was low, due at
least in part to the low N. The high variability between years could also mask an effect of
discharge. An examination of Figure 3 reveals high variability between stations within
years. For evidence of increased tissue concentration of a metal due to reclaimed water
discharge, a regular occurrence of lower concentrations of metals in tissues from the
Laguna above the discharge (Stony Point Road) than below the discharge (Laguna at
Wohler Road) would be necessary. Also a regular occurrence of lower concentrations
from the Russian River above the confluence with the Laguna (Russian River at Wohler
River) than in the Laguna below the discharge and in the Russian River below the
discharge (Hacienda Bridge) would be necessary. These patterns are not discernible in the
data (Figure 3).

9.3.2 Organic Compounds

Data were analyzed for four stations above Santa Rosa’s reclaimed water discharge
(Laguna at Stony Point Road, Santa Rosa Creek at Willowside Road, Mark West Creek at
Slusser Road, and the Russian River at Wohler Road) and two stations below the
discharge (Laguna at Wohler Road and the Russian River at Hacienda) (Figure 4). For
organic compounds with detectable concentrations below the discharge, the mean
concentrations of organic compounds in tissues for stations above and below the discharge
for 1990-1994 along with the average concentrations in control tissues (Aptos Creek in
1990 and Isabella Lake in 1993) are shown in Table 25.

Total benzenehexachloride (BHC) (alpha and gamma only, beta and delta BHC were
below detection) was found in elevated concentrations below the discharge (Laguna at
Wohler Bridge) during 1990-1992 but it was below detection in 1993 and 1994 (Figure
4). Organic compounds have been analyzed in Santa Rosa’s reclaimed water since 1991.
Elevated BHC in clams did not coincide with elevated BHC in reclaimed water. During
1991 and 1992, when elevated levels of BHC in the Laguna were present, only one
detectable value (of five measurements) of gamma BHC, 0.03 ppb, was measured in the
reclaimed water discharge. During 1993-1994, when BHC in the Laguna was below
detection, three detectable values (of seven measurements) of gamma BHC were
measured in the reclaimed water discharge. These detectable values averaged 0.07 ppb.
Since the clams are deployed for just three months, the elevated BHC levels are not likely
due to a lagged effect of reclaimed water. The lack of a relationship between
concentration in reclaimed water discharge and concentration in clam tissues indicates
another source of BHC may be present in the Laguna watershed. A likely source is from
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pesticide application. Gamma BHC, also called Lindane, is a commonly used pesticide. Its
primary uses in Sonoma County are for control of tree borers and to treat head lice
(Sonoma County Agriculture Commissioners Office).

Table 25.

Average concentrations of organic compounds in Corbicula tissue from samples
collected from stations above and below Santa Rosa’s reclaimed water discharge

and in control stations and the EDL 85a.
ppm dry weight

Constituent Above
Discharge

Below
Discharge

Control EDL 85

Total chlordane 72 216 21.6 586

Total DDT 110 383 61 17895

Total PCB 105 621 13 1395

Total PAH 535 125 ND -

Chlorpyrifos 23.1 10.0 ND 500

Dacthal 4.7 5.3 0.7 3845

Dieldrin 4.8 16.5 ND 1865

Oxadiazon 202 35.6 ND --

Total heptachlor 1.2 0 ND 11

Hexachlorobenzene 0.54 0.16 ND 24

Total BHC 0.23 18.9 ND 8.59

a EDL 85 = The concentration of the toxic substance that equals 85 percent of all SMWP measurements of
the toxic substance in the same mussel or clam type between 1977 and 1987 (the 85th cumulative
frequency percentile)

Although PAHs and total hexachlorobenzene were found at detectable levels in clam
tissue from the Laguna below the discharge, the levels were lower or equal to the levels in
clams above the discharge for all years examined (Figure 4).

Total heptachlor, found in detectable concentrations in tissues above the discharge, was
not detectable in clams below the discharge (Figure 4).

The remaining organic compounds found in detectable concentrations in clams (chlordane,
DDT, PCB, chlorpyrifos, dacthal, dieldrin, and oxadiazon) showed no regular pattern
above versus below the discharge (Figure 4). In some years, the concentrations were
higher above the discharge and in some years lower.  Average concentrations of total
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chlordane, total DDT, and total PCB were higher below the discharge but this is largely
due to relatively high levels in one year (1991). Concentrations of total chlordane, total
DDT, and total PCB have been decreasing every year since 1991. Chlordane, DDT, PCBs,
and dieldrin are measured in the Santa Rosa reclaimed water and have not been found in
detectable quantities. Chlordane, DDT, and dieldrin are banned pesticides and would not
be expected to be present in reclaimed water.
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10.0 TOXIC SUBSTANCES MONITORING10.0 TOXIC SUBSTANCES MONITORING
PROGRAM DATAPROGRAM DATA

This section describes the results of the Toxic Substances Monitoring Program (TSMP)
for stations in the Project area. The TSMP is conducted by the SWRCB and the California
Environmental Protection Agency with cooperation from DFG. The purpose of the TSMP
is to provide a uniform statewide approach to the detection and evaluation of the
occurrence of toxic substances in fresh, estuarine, and marine waters of the State through
the analysis of fish and other aquatic life (SWRCB 1993). As stated in the 1993 TSMP
report (SWRCB 1993) different aquatic organisms tend to bioaccumulate a given toxic
substance in water to different levels; however, the differences usually do not prevent a
general interpretation of the data. The limited number of samples obtained and analyzed at
each station in a single year is generally too small to provide a statistically sound basis for
making absolute statements on toxic substance concentrations. Data from 1978 through
1991 were obtained from reports (SWRCB 1990, 1991, 1992, and 1993). More recent
data were provided by Del Rasmussen of the SWQCB. Data for whole organism tissues
from the Laguna, Santa Rosa Creek, Mark West Creek, and the Russian River below
Healdsburg are presented in this report. The entire data set for the project area is given in
Appendix 5.

10.1 TRACE ELEMENTS

Samples for analysis of trace elements were collected in the Project area between 1978
and 1993. Complete data for these stations are presented in Appendix 5. The number of
times each station was sampled varied from 1 to 9, with the Russian River at Oddfellows
Bridge sampled the most frequently. Trace element concentrations in whole organisms
from stations in the Russian River, Laguna de Santa Rosa, Santa Rosa Creek and Mark
West Creek are shown in Table 26.
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Table 26.

Results of TSMP trace elements () in whole organisms in the Laguna, Santa
Rosa Creek, Mark West Creek, and Russian River

ppm wet weight

Station Name Speciesa Date As Cd Cr Cu Pb Hg Ni Se Ag Zn

Russian River at Odd Fellows Bridge COR 7/11/78 0.54 0.16 1.1 4.2 NDb 1.1 0.04 18

Russian River at Odd Fellows Bridge PACI 7/11/79 0.2 0.01 ND 9.9 ND ND 0.02 13

Russian River at Wohler Bridge TFC 12/30/87 0.77 0.52 0.79 6.6 ND 0.05 1.7 0.51 0.02 13

Russian River at Hacienda Bridge TFC 12/30/87 0.7 0.68 0.41 4.8 0.2 0.03 1.4 0.48 0.02 15

Laguna De Santa Rosa at Stony Pt TFC 12/30/87 0.88 0.72 0.14 3.7 ND 0.04 0.3 0.57 0.02 12

Santa Rosa Creek at Willowside TFC 12/30/87 0.84 0.68 0.4 4.6 0.1 0.08 0.9 0.54 0.02 14

Mark West Creek at Slusser SKR 10/8/92 0.14 0.02 1.1 1.1 0.2 0.04 0.97 0.25 ND 19

Russian River at Duncans Mills PCP 7/17/91 0.16 ND 0.09 1 ND 0.26 1.2 0.21 ND 5.6

Russian River at Duncans Mills PCP 7/22/92 0.19 ND 0.07 0.92 ND 0.29 ND 0.23 ND 15

Russian River at Odd Fellows Bridge GSF 7/23/92 0.07 ND 0.25 0.94 ND 0.19 0.29 0.33 ND 22

Russian River at Wohler Bridge SMB 10/8/92 0.12 ND 0.11 0.71 ND 0.24 ND 0.3 ND 21

Mark West Creek at Slusser WCR 9/8/93 0.09 0.01 0.1 0.72 ND 0.07 ND 0.17 ND 26

NAS Guidelines (whole fish) 0.5

Median International Standards
(freshwater fish)c

1.5 0.3 1 20 2 0.5 2 45

TSMP EDL 85 (whole freshwater
fish)d

0.44 0.08 0.23 3.4 0.2 0.1 0.2 1.4 0.03 40

TSMP EDL 95 (whole freshwater
fish)e

0.92 0.15 0.48 4.34 0.5 0.19 0.56 1.86 0.05 49



S A N T A  R O S A  S U B R E G I O N A L  L O N G - T E R M  W A S T E W A T E R  P R O J E C T

E V A L U A T I O N  O F  B I O A C C U M U L A T I O N  I N  O R G A N I S M S  E X P O S E D  T O  R E C L A I M E D  W A T E R

MAY 24,  1996 58

Table 26.

Results of TSMP trace elements () in whole organisms in the Laguna, Santa
Rosa Creek, Mark West Creek, and Russian River

ppm wet weight

Station Name Speciesa Date As Cd Cr Cu Pb Hg Ni Se Ag Zn

a COR = Asiatic clam (Corbicula), PACI = crayfish, SKR = sucker, TFC = transplanted Asiatic clam, PCP =
prickly sculpin, GSF = green sunfish, SMB = smallmouth bass, WCR = white crappie

b ND = the concentration was below detection. Detection limits, where available, are given in Appendix 5.
c NAS Guidelines = maximum concentrations of toxic substances in freshwater fish tissue recommended by

the National Academy of Science (SWRCB 1993).
d Median International Standards = the median of health protection criteria used by members of the United

Nations (SWRCB 1993).
e TSMP EDL 85 and TSMP EDL 95 = The concentration of the toxic substance that equals 85 percent (or

95 percent) of all TSMP measurements of the toxic substance in the same fish and tissue type from 1978
through 1991 (the 85th or 95th cumulative frequency percentile) (SWRCB 1993).

10.2 ORGANIC COMPOUNDS

Samples for analysis of organic compounds were collected in the Project area between
1978 and 1993. Complete data for these stations are presented in Appendix 5. The number
of times each station was sampled varied from 1 to 9, with the Russian River at
Oddfellows Bridge sampled the most frequently. Usually 46 different organic constituents
were analyzed. Detectable organic concentrations in whole organisms from stations in the
Russian River, Laguna de Santa Rosa, Santa Rosa Creek and Mark West Creek are shown
in Table 27.

10.3 COMPARISON ABOVE AND BELOW SANTA ROSA’S DISCHARGE

The only data available for comparisons of trace elements and organic compounds in
tissue above and below Santa Rosa’s discharge are on one date from the Russian River at
Wohler Bridge, the Laguna at Stony Point, and Santa Rosa Creek at Willowside ( all
above the confluence with the Laguna) and the Russian River at Hacienda Bridge (below
the confluence) in 1987. These values are shown in bold in Tables 26 and 27. The data for
other stations are for different species above and below the discharge. Concentrations of
trace metals in tissues were very similar in above and below the discharge with the
possible exception of lead which ranged from below detection to 0.1 mg/L above the
discharge and was 0.2 mg/L below the discharge. Only one organic compound, total DDT,
was detectable in tissues below the discharge and it was found in the same concentration
as two of the three stations above the discharge.
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Table 27.

Results of TSMP detectable organic compounds (ppb wet weight) in whole organisms in the Laguna and Russian River.

Station Name Species Date Total chlordane Chlorpyrifos Dacthal Dieldrin Total DDT Total HC Chemical group A

Russian River at Odd Fellows COR 7/11/78 NDb ND ND ND 35 ND ND

Russian River at Hacienda TFC 12/30/87 ND ND ND ND 11 ND NA

Russian River at Wohler TFC 12/30/87 ND ND ND ND 11 ND NA

Laguna de Santa Rosa at Stony Pt TFC 12/30/87 10.2 ND 11 6.2 8.4 ND NA

Santa Rosa Creek at Willowside TFC 12/30/87 31.2 12 ND 6.2 11 ND NA

Russian River at Duncans Mills PCP 7/17/91 ND ND ND ND 16 ND ND

Russian River at Duncans Mills PCP 7/22/92 5.1 ND ND ND 19 ND 5.1

Russian River at Odd Fellows GSF 7/23/92 ND ND ND ND 24 ND ND

Russian River at Wohler SMB 10/8/92 ND ND ND ND 15 ND ND

Mark West Creek at Slusser SKR 10/8/92 ND ND ND ND 14 ND ND

NAS Guidelines (whole fish)c 100 100 1000 100

TSMP EDL 85 (whole freshwater fish)d 144.8 26.2 95.6 49.4 2479.2 4 1686.6

TSMP EDL 95 (whole freshwater fish)d 204.8 73.6 426 473.5 5358.2 9.6 3498.7

a COR = Asiatic clam (Corbicula), PACI = crayfish, TFC = transplanted Asiatic clam, PCP = prickly sculpin, GSF = green sunfish, SMB = smallmouth bass, SKR = sucker
b ND = the concentration was below detection. Detection limits, where available, are given in Appendix 5.
c NAS Guidelines = maximum concentrations of toxic substances in freshwater fish tissue recommended by the National Academy of Science (SWRCB 1993).
d TSMP EDL 85 and TSMP EDL 95 = The concentration of the toxic substance that equals 85 percent (or 95 percent) of all TSMP measurements of the toxic substance in

the same fish and tissue type from 1978 through 1991 (the 85th or 95th cumulative frequency percentile) (SWRCB 1993).
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