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INTRODUCTION 

Toxicity tests and chemical analyses were conducted on ambient water samples 

collected on September 28, 2004 from the Santa Clara River Estuary (SCRE) located in 

the City of San Buenaventura, CA.  This fourth sampling effort for the project was 

characterized as a “dry weather” event.  Samples for this round of testing were collected 

during a high tide; the estuary was full of water, but the sand berm was breached.  Mr. 

Chris Stransky and Mr. John Rudolph of Nautilus Environmental, LLC (Nautilus) 

coordinated the collection effort, toxicity testing, and chemical testing programs.  

Ambient water toxicity was evaluated using the freshwater alga Selenastrum 

capricornutum, the water flea Ceriodaphnia dubia, and the fathead minnow Pimephales 

promelas.  Ambient water toxicity to marine organisms was tested using giant kelp 

Macrocystis pyrifera, the blue mussel Mytilus galloprovincialis (formerly Mytilus edulis), 

the opossum shrimp Americamysis bahia (formerly Mysidopsis bahia), and the Pacific 

topsmelt Atherinops affinis.  Bioassays were initiated on September 29, 2004 at Nautilus’ 

laboratory located in San Diego, CA.  Chemical analyses were performed by Calscience 

Environmental Laboratories (CEL) located in Garden Grove, CA. 

METHODS AND MATERIALS 

SAMPLE COLLECTION, TRANSPORT, AND RECEIPT 

Ambient water samples were collected from four of the eleven ambient monitoring 

locations (specifically sites A-2, B-1, B-3, and C-3).  Sites for water collection were 

selected based on location within the estuary and water depth (i.e. centrally located sites 

with enough water to provide an adequate sample volume for testing).   Sample 

collection time, global positioning system (GPS) coordinates, water depth, temperature, 

dissolved oxygen (DO), salinity, and pH were recorded in a field logbook and 

summarized in Appendix E.     

All equipment used for water collection was cleaned thoroughly with Alconox soap and 

rinsed with site water.  Collections were performed using a hand pump connected to ½” 

clear PVC tubing.  The end of the tubing was held at mid-depth to collect the water and 

pumped into 20-L plastic-lined buckets; a total of five buckets were collected at each site.  

Nautilus personnel transported all samples to the laboratory where samples were placed 

in a 4°C cold room overnight.  The following day, the contents of all sample containers 
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from each were composited and water quality parameters of temperature, DO, 

conductivity, salinity, pH, total residual chlorine, alkalinity, and hardness were measured 

and recorded in a logbook.  A portion of each composited sample was then removed for 

test initiation and the remainder of each sample was held at 4°C until required for use.   

BIOASSAY PROTOCOLS 

Test conditions and Quality Assurance/Quality Control (QA/QC) requirements for each 

bioassay performed are summarized in Tables 1 through 7.  Freshwater tests were 

conducted for sites B-1 and C-3 only, because salinity measured in samples collected 

from sites A-2 (33 ppt) and B-3 (23 ppt) were well out of the tolerance range for all three 

freshwater test species.  For sites B-1 and C-3, additional controls prepared to match the 

salinity of each sample (1.1 and 3.0 ppt for B-1 and C-3, respectively) were tested 

concurrently in order to evaluate the role of salinity in any observed toxicity. 
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Table 1.  Test Conditions and QA/QC Summary for the Fathead Minnow 7-Day 
Survival and Growth Test. 

Test organism Pimephales promelas 

Test organism source Aquatic Biosystems, Inc. (Fort Collins, CO)  

Test duration 7 days 

Test solution renewal Daily  

Feeding Three times per day  

Test initiation date and time Within 36 hours of sample collection  

Test chambers 400-ml disposable plastic cups 

Test solution volume 250 ml 

Test temperature 25 ± 1°C 

Dilution water Dilute Mineral Water (8 parts Nanopure, 2 parts Perrier®) 

Test concentrations (% sample) 100, and 0 (control) 

Number of organisms/chamber 10 

Number of replicates 4 

Photoperiod 16 hours light/8 hours dark 

Aeration None 

Test Protocol EPA-821-R-02-013 

Test acceptability criteria for controls Means of ≥ 80% survival and �≥ 0.25 mg biomass 

Reference toxicant Copper chloride 
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Table 2.  Test Conditions and QA/QC Summary for the Water Flea 7-Day Survival 
and Reproduction Test. 

Test organism Ceriodaphnia dubia 

Test organism source In-house cultures 

Test duration 7 days 

Test solution renewal Daily  

Feeding Daily  

Test initiation date and time Within 36 hours of sample collection  

Test chambers 30-ml disposable plastic cups 

Test solution volume 15 ml 

Test temperature 25 ± 1°C 

Dilution water Dilute Mineral Water (8 parts Nanopure, 2 parts Perrier®) 

Test concentrations (% sample) 100, and 0 (control) 

Number of organisms/chamber 1 

Number of replicates 10 

Photoperiod 16 hours light/8 hours dark 

Aeration None 

Test Protocol EPA-821-R-02-013 

Test acceptability criteria for controls 1) ≥ 80% mean survival; 2) 60% of the surviving females 
must produce at least 3 broods of offspring; and 3) total 
reproduction must be ≥ 15 offspring per surviving female.  

Reference toxicant Copper chloride 
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Table 3.  Test Conditions and QA/QC Summary for the 96-Hour Algal Growth 
Inhibition Test. 

Test organism Selenastrum capricornutum 

Test organism source In-house cultures 

Test duration 96 Hours 

Test solution renewal None  

Feeding Macro- and micro-nutrients added to test solutions prior to 
test initiation.  

Test initiation date and time Within 36 hours of sample collection  

Test chambers 125-ml Erlenmeyer flasks 

Test solution volume 50 ml 

Test temperature 25 ± 1°C 

Dilution water Nutrient-enriched deionized water 

Test concentrations (% sample) 100 a, and 0 (control) 

Initial cell density 10,000 cells/ml ± 10% 

Number of replicates 5 b (one was used only as a surrogate for measuring pH 
and temperature during the exposure period). 

Photoperiod Continuous light at 400 ± 40 ft-c  

Aeration None 

Test Protocol EPA-821-R-02-013 

Test acceptability criteria for controls Final cell density � 1.0 x 106 cells/ml with � 20% variability 
among test replicates. 

Reference toxicant Copper chloride 
a Prior to test initiation, each sample was inspected under a microscope and found to have heavy debris 
  present.  A portion of each sample was then filtered through a 0.45-�m-nylon membrane filter.  Both 100 
  percent-filtered and 100 percent-unfiltered samples were tested along with a negative control.  This was 
  done to ensure sample toxicity was not modified by filtration.  
b An additional flask containing filtered sample not inoculated with algae was also tested as a blank to 
  ensure that there was no interference in measuring chlorophyll-a fluorescence at test termination.      
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Table 4.  Test Conditions and QA/QC Summary for the Pacific Topsmelt 7-Day 
Survival and Growth Test. 

Test organism Atherinops affinis 

Test organism source Aquatic Biosystems, Inc. (Fort Collins, CO)  

Test duration 7 days 

Test solution renewal Daily  

Feeding Two times per day  

Test initiation date and time Within 36 hours of sample collection  

Test chambers 1-L plastic tri-pour beakers 

Test solution volume 500 ml 

Test temperature 20 ± 1°C 

Dilution water 34 ppt natural seawater (sample A-2) 
30 ppt artificial seawater (sites B-1, B-3, and C-3) 

Test concentrations (% sample) 100, highest concentration from tests conducted with 
brinea, 50, 25, and 0 (control)  

Number of organisms/chamber 5 

Number of replicates 5 

Photoperiod 16 hours light/8 hours dark 

Aeration None 

Test Protocol EPA/600/R-95/136 

Test acceptability criteria for controls Means of ≥ 80% survival and �≥ 0.85 mg biomass 

Reference toxicant Copper chloride 
a For consistency with species requiring brine, concentrations of 65, 88, and 66 percent sample were 

prepared and tested for sites B-1, B-3, and C-3, respectively.  No additional concentration was prepared 
for site A-2, because it did not require salinity adjustment. 
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Table 5.  Test Conditions and QA/QC Summary for the Opossum Shrimp 7-Day 
Survival and Growth Test. 

Test organism Americamysis bahia 

Test organism source Aquatic Biosystems, Inc. (Fort Collins, CO)  

Test duration 7 days 

Test solution renewal Daily  

Feeding Two times per day  

Test initiation date and time Within 36 hours of sample collection  

Test chambers 400-ml plastic tri-pour beakers 

Test solution volume 500 ml 

Test temperature 25 ± 1°C 

Dilution water 34 ppt natural seawater (sample A-2) 
30 ppt artificial seawater (sites B-1, B-3, and C-3) 

Test concentrations (% sample) 100, highest concentration from tests conducted with 
brinea, 50, 25, and 0 (control)  

Number of organisms/chamber 5 

Number of replicates 8 

Photoperiod 16 hours light/8 hours dark 

Aeration None 

Test Protocol EPA-821-R-02-014 

Test acceptability criteria for controls Means of ≥ 80% survival and �≥ 0.20 mg biomass 

Reference toxicant Copper chloride 
a For consistency with species requiring brine, concentrations of 65, 88, and 66 percent sample were 

prepared and tested for sites B-1, B-3, and C-3, respectively.  No additional concentration was prepared 
for site A-2, because it did not require salinity adjustment. 
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Table 6.  Test Conditions and QA/QC Summary for the 48-Hour Bivalve Embryo 
Development Test. 

Test organism Mytilus galloprovincialis 

Test organism source Carlsbad Aquafarms  

Test duration 48 Hours 

Test solution renewal None  

Feeding None  

Test initiation date and time Within 36 hours of elutriate preparation  

Test chamber 30-ml glass scintillation vial 

Test solution volume 10 ml 

Test temperature 15 ± 1°C 

Dilution water 30 ppt laboratory seawater  

Test concentrations (% sample) a  100, and 0 (control) (w/artificial sea salts) b 
Highest testable concentration, 50, 25, and 0 c 

Number of organisms/chamber 250-300 

Number of replicates 5 

Photoperiod 16 hours light/8 hours dark 

Aeration None 

Test Protocol ASTM Designation E 724-98 

Test acceptability criteria for controls ≥ 90% normal 

Reference toxicant Copper chloride 
a Sample A-2 was tested at 100, 50, 25, and 0 percent sample with a negative control consisting of 34 ppt 
natural seawater. 
b Traditionally, this test is sensitive to artificial salts and is only conducted using brine.  However, because 

the highest testable concentration is limited by brine and sample salinity, comparability of results among 
all test species is limited as well.  Therefore, in this study, each sample was also tested undiluted by using 
Forty Fathoms™ sea salt to raise the salinity to 30 ppt rather than hypersaline brine.  An additional control 
composed of Forty Fathoms™ sea salt and deionized water was also tested to ensure observed mortality 
was not due to the addition of artificial salt rather than other toxic constituents. 

c Due to the low salinities of samples from sites B-1, B-3, and C-3, hypersaline brine was added to each 
sample to raise the salinity to 30 ppt.  The volume of hypersaline brine required to adjust the salinity 
determined the highest testable concentration for each sample: 65 percent for B-1; 88 percent for B-3; and 
66 percent for C-3.  An additional control composed of hypersaline brine and deionized water was also 
tested to ensure observed mortality was not due to the addition of hypersaline brine rather than other toxic 
constituents.
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Table 7.  Test Conditions and QA/QC Summary for the 48-Hour Giant Kelp 
Germination and Growth Test. 

Test organism Macrocystis pyrifera 

Test organism source La Jolla Cove, CA (field-collected by Nautilus staff)  

Test duration 48 Hours 

Test solution renewal None  

Feeding None  

Test initiation date and time Within 36 hours of elutriate preparation  

Test chamber 50-ml glass Petri dishes 

Test solution volume 30 ml 

Test temperature 15 ± 1°C 

Dilution water 32 ppt laboratory seawater  

Test concentrations (% sample) a  100, and 0 (control) (w/artificial sea salts) b 
Highest testable concentration, 50, 25, and 0 c 

Number of organisms/chamber 225,000 

Number of replicates 5 

Photoperiod 16 hours light/8 hours dark 

Aeration None 

Test Protocol EPA/600/R-95/136 

Test acceptability criteria for controls Mean of ≥ 70% germination and tube length of ≥ 10 �m.   

Reference toxicant Copper chloride 
a Sample A-2 was tested at 100, 50, 25, and 0 percent sample with a negative control consisting of 34 ppt 
   natural seawater.  
b Traditionally, this test is sensitive to artificial salts and is only conducted using brine.  However, because 

the highest testable concentration is limited by brine and sample salinity, comparability of results among 
all test species is limited as well.  Therefore, in this study, each sample was also tested undiluted by using 
Forty Fathoms™ sea salt to raise the salinity to 32 ppt rather than hypersaline brine.  An additional control 
composed of Forty Fathoms™ sea salt and deionized water was also tested to ensure observed mortality 
was not due to the addition of hypersaline brine or artificial salt rather than other toxic constituents.  

c Due to the low salinities of samples from sites B-1, B-3, and C-3, hypersaline brine was added to each 
sample to raise the salinity to 32 ppt.  The volume of hypersaline brine required to adjust the salinity 
determined the highest testable concentration for each sample: 62 percent for B-1; 84 percent for B-3; and 
63 percent for C-3.  An additional control composed of hypersaline brine and deionized water was also 
tested to ensure observed mortality was not due to the addition of hypersaline brine or artificial salt rather 
than other toxic constituents.  
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STATISTICAL ANALYSES 

Analysis of ambient water and reference toxicant data was conducted using CETISTM 

Comprehensive Environmental Toxicity Information System and Database Software, 

Version 1.025B.  Statistical differences from the control and No Observed Effect 

Concentrations (NOEC) were determined for each test using Dunnett’s, Wilcoxon Rank 

Sum, Steel’s Many-One Rank, or Fisher’s Exact Multiple Comparisons Tests.  Median 

Lethal Concentration (LC50) or Median Effect Concentration (EC50) values were 

determined for marine and freshwater reference toxicant bioassays using Maximum 

Likelihood Probit, Trimmed Spearman-Karber, or Linear Interpolation Analyses.  The 

choice of statistical method used was dependent upon specific assumptions met by the 

data. 

CHEMICAL ANALYSES 

Analysis of total organic carbon (TOC), total dissolved carbon (DOC), total suspended 

solids (TSS), cyanide, copper, nickel, zinc, and selenium was performed by CEL 

(Appendix D). 

WATER-EFFECT RATIO CALCULATION FOR COPPER  

Water-effect ratios (WERs) were calculated for all four estuary samples using the blue 

mussel embryo development test.  The embryo development test using Mytilus 

galloprovincialis was chosen for this WER due to its sensitivity to copper; toxicity to 

bivalve larvae is the primary driver for EPA’s derivation of water quality criteria for copper 

in marine waters (see Table 9 for values). 

Water samples for the WER analysis were spiked with nominal concentrations of copper 

of 0, 9.0, 15, 25, 40, 65, and 100 µg/L.  For comparison, polished laboratory seawater 

(PSW) was also spiked with copper on the same day with final concentrations of 0, 1.8, 

3.0, 5.0, 8.4, 14, 23, and 39 µg/L.  Laboratory seawater was polished by filtration through 

a Gelman 0.20-µm filter.  In addition, a standard copper reference toxicant test was also 

conducted using unpolished seawater.   Final nominal concentrations of copper in the 

reference toxicant test were 0, 2.5, 5.0, 10, 20, and 40 µg/L.  A copper reference toxicant 

test is performed concurrently with all bivalve embryo tests conducted at Nautilus to 

evaluate variability in test procedures and sensitivity of organisms over time.  All samples 



City of San Buenaventura Dry Weather Toxicity and Chemistry Report 
Santa Clara River Estuary Project, September 2004                                             

 

 
11 

spiked with copper were thoroughly mixed for approximately 5 minutes, covered and 

maintained at the test temperature of 15ºC overnight.  Samples were spiked with copper 

on the evening of field sample collection.  Subsamples of all test concentrations were 

collected on the following day (test initiation date) for analytical verification of copper 

concentrations.   

The 48-hour bivalve embryo tests were initiated on the day following sample collection.  

Bivalve tests were performed following the same methods employed for the unspiked 

estuary samples (Table 6).  Measured concentrations of copper were used for all 

calculations in this report.   Total and dissolved copper were measured in all field-

collected samples.  Total copper was measured in copper-spiked test concentrations that 

bracketed dose responses.       

RESULTS AND DISCUSSION 

Detailed data summaries are contained in Appendix A.  Statistical analyses and raw data 

can be found in Appendix B, and reference toxicant data are located in Appendix C.  

Analytical chemistry data reports and field collection data can be found in Appendices D, 

and E, respectively.  All data associated with the WER study are provided in Appendix F.  

Finally, chain-of-custody information is provided in Appendix G.   

FRESHWATER SPECIES 

Performing toxicity tests with freshwater organisms on the estuary samples was 

complicated by the fact that the salinities were higher than freshwater, and could pose 

variable levels of stress on the test organisms.  Consequently, where appropriate, the 

samples were tested with concurrent salinity controls; to separate salinity effects from 

other constituents present in the sample, statistical comparisons were made between 

each full-strength sample and the appropriate salinity control.  In this sampling event, 

tests were conducted only on samples collected from B-1 and C-3.  The salinities in 

samples from the remaining sited approached those found in seawater and exceeded the 

survival thresholds for the freshwater test species. 

Fathead Minnow 7-Day Survival and Growth  

Survival of fathead minnow larvae was 98 percent in sample B-1 and 83 percent in 

sample C-3. Salinity did appear to have a slight effect on fathead minnow survival; 
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survival in the B-1 salinity control (1.1 ppt) was close to that observed in the laboratory 

dilution water control (90 percent) while survival in the C-3 salinity control (3.0 ppt) was 

only 80 percent (Figure 1).  Because of the close correspondence in survival results 

between sample C-3 and its salinity control, the reduction in survival appears to be 

related to salinity, rather than the presence of toxic constituents.   

No adverse effects on larval growth were observed.  The mean dry biomass of fish 

exposed to the samples and their corresponding salinity controls ranged from 0.32 to 

0.39 mg (Figure 1). 

Water Flea 7-Day Survival and Reproduction   

As with fathead minnows, salinity also affected survival of Ceriodaphnia.  Mean survival 

in the B-1 and C-3 salinity controls was 90 and 40 percent, respectively.  However, this 

effect did not translate directly to the estuary samples as it did with fathead minnows; 

survival was 80 percent in both samples (Figure 2).   

With respect to reproduction, no adverse effect was observed for sample B-1 or its 

salinity control.  However, sample C-3 did exhibit reduced reproduction, but was not 

significantly reduced compared to the salinity control (Figure 2).  This result suggests 

reduced reproduction was caused by the sample salinity, rather than other toxic 

components.      

96-Hour Algal Growth Inhibition 

While cell growth in the salinity controls was reduced compared to the lab control, both 

B-1 and C-3 salinity controls met the test acceptability criteria.  Toxicity was observed for 

both B-1 and C-3, as reduced cell numbers were observed in both filtered and unfiltered 

estuary samples relative to the appropriate salinity controls.  In addition, cell density in 

the unfiltered samples was lower than that in the filtered samples, suggesting that 

particulate material in the samples interfered with cell growth to some extent (Figure 3).   
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Figure 1.  Summary of toxicity test results for fathead minnow 7-day survival and 
growth.  Mean (±±±±1SD) values in 100 percent sample are displayed.  No statistically 
significant decreases were observed compared to concurrent salinity controls.
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Figure 2.  Summary of  toxicity  test  results  for  water flea 7-day survival and 
reproduction.  Mean (±±±±1SD for reproduction) values in 100 percent sample are 
displayed.  No statistically significant decreases were observed relative to the 
concurrent salinity controls.  
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Figure 3.  Summary of toxicity test results for algal growth inhibition.  Mean (±±±±1SD) 
values in 100 percent sample are displayed.  Filtered and unfiltered samples 
showed a significant decrease relative to the salinity controls.     

Selenastrum Growth

B-1 C-3
0

5

10

15

20

25

Lab Control Salinity Control

100% Sample - Filtered 100% Sample - Unfiltered

*

*

*

*

Site ID

M
ea

n 
Fi

na
l D

en
si

ty
(1

05  c
el

ls
/m

l)



City of San Buenaventura Dry Weather Toxicity and Chemistry Report 
Santa Clara River Estuary Project, September 2004                                             

 

 
16 

MARINE SPECIES 

Pacific Topsmelt 7-Day Survival and Growth 

Survival of topsmelt larvae was high across all test concentrations and samples, ranging 

from 92 to 100 percent (Figure 4, Appendix Table A-4).  A reduction in growth was 

observed relative to the control for site A-2 only.  Mean biomass in 100 percent sample 

from this site was 1.3 mg compared to 1.6 mg in the control.  Mean biomass in the 

remaining undiluted samples was 1.2 mg (Figure 4).   

Opossum Shrimp 7-Day Survival and Growth  

No adverse effects on survival were observed for mysids.  Mean survival ranged from 93 

to 100 percent (Figure 5, Appendix Table A-5).  However, reductions in growth were 

observed for sites A-2, B-1, and B-3 relative to the artificial salt control.  For site A-2, 

mean biomass in the undiluted sample was 0.32 mg compared to 0.42 mg in the control.  

Growth in samples B-1 and B-3 were more strongly affected; mean biomass was 0.14 

and 0.24 mg, respectively (Figure 5).   

Bivalve Embryo Development  

Mussel embryo development was not impacted by exposure to estuary samples.  Normal 

development was high in both samples amended with hypersaline brine and with artificial 

sea salts.  Mean normal development ranged from 87 to 94 percent among test 

concentrations and sample sites (Figure 6, Appendix Table A-6). 

48-Hour Giant Kelp Germination and Growth 

No significant reductions in giant kelp spore germination were observed (Figure 7).  

However, spores exposed to samples from sites A-2 and B-1 did exhibit reduced germ 

tube length in undiluted sample relative to the appropriate controls.  Mean tube length 

was 13 �m for site A-2, and 15 �m for site B-1 (Figure 7), compared with approximately 

15 �m and 17 �m in their respective corresponding controls.  
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Figure 4.   Summary of toxicity test results for Pacific topsmelt 7-day survival and 
growth.  Mean (±±±±1SD) values in 100 percent sample are displayed.  A reduction in 
growth was observed for sample A-2 relative to the laboratory seawater control. 
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Figure 5.  Summary of toxicity test results for opossum shrimp 7-day survival and 
growth.  Mean  (±±±±1SD) values in 100 percent sample are displayed.  No statistically 
significant decreases in survival were observed compared to concurrent salt 
controls.  Significant decreases in growth were observed for samples A-2, B-1, and 
B-3.    
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Figure 6.  Summary of toxicity test results for bivalve 48-hour embryo development 
using Mytilus galloprovincialis.  Mean (±±±±1SD) values in the highest testable 
concentration with brine as well as the 100% sample are displayed.  No 
statistically significant decreases were observed compared to the appropriate 
concurrent controls.   
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Figure 7.  Summary of toxicity test results for giant kelp spore germination and 
growth.  Mean (±±±±1SD) values for each site are displayed.  No statistically 
significant decreases in germination were observed compared to appropriate 
concurrent controls.  A significant decrease in growth was observed for sample A-
2 relative to the laboratory seawater control.   
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AMBIENT WATER ANALYTICAL CHEMISTRY RESULTS  

Dissolved and total copper concentrations in samples A-2, B-3, and C-3 were all below 

the method detection limit of 5.00 �g/L.  Dissolved copper in sample B-1 was reported as 

8.38 �g/L.  However, the total copper concentration reported for this sample was below 

the method detection limit suggesting that preparation of the sample for measuring 

dissolved copper may have added a small amount of copper.  It is also important to note 

that the method detection limit for copper is above the EPA protective water quality 

criterion for marine species of 3.1 �g/L.  However, this value was determined using the 

48-hour bivalve embryo development test, which showed no toxicity in these samples.  

Moreover, concentrations of nickel, selenium, and zinc were relatively low, and all below 

their respective water quality guidelines.  This suggests that these contaminants were 

unlikely to be associated with toxicity (Table 9).  Measurements for cyanide, total organic 

carbon (TOC), dissolved organic carbon (DOC), and total suspended solids (TSS) are 

included in Table 10. 

 
Table 8.  Summary of Total and Dissolved Contaminant Concentrations Measured 
in Santa Clara River Estuary Samples Collected September 28, 2004 

*In these cases the dissolved metal concentration exceeds the total.  However, both sets of results 
(e.g. total and dissolved metals) met analytical laboratory quality assurance and reporting criteria.  
In addition, true differences in concentrations are difficult to detect close to the method reporting 
limit.  
NM – Not measured. 

Cyanide Copper Nickel Selenium Zinc

Dissolved NM <5.00 <5.00 7.30* <5.00

Total <50 <5.00 <5.00 <5.00 <5.00

Dissolved NM 8.38* <5.00 7.47 16.5

Total <50 <5.00 <5.00 9.99 17.4

Dissolved NM <5.00 <5.00 <5.00 5.03*

Total <50 <5.00 <5.00 <5.00 <5.00

Dissolved NM <5.00 5.86 <5.00 <5.00

Total <50 <5.00 6.28 7.04 <5.00
C-3

Sample Form
Concentration (µµµµg/L)

A-2

B-1

B-3
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Table 9.  EPA Water Quality Criteria for the Protection of Aquatic Life a as reported 
in “Water Quality Standards; Establishment of Numeric Criteria for Priority Toxic 
Pollutants for the State of California,” (US EPA 2000).   

Concentration (µµµµg/L) 
Sample 

Cyanide b Copper Nickel Selenium Zinc 

EPA Marine Acute CMC 1 4.8 74 290 90 

EPA Marine Chronic CCC 1 3.1 8.2 71 81 

EPA Freshwater Acute 

CMC c 
22 13 470 13-186 d 120 

EPA Freshwater Chronic 

CCC c 
5.2 9.0 52 5 total 120 

a Values expressed as a dissolved fraction excluding the EPA freshwater CCC value for selenium 
b Values expressed in terms of free cyanide (e.g. �g CN/L) 
c Values are hardness dependant and based in this table on a hardness of 100 mg/L CaCO3  
d Freshwater CMC depends on ratio of selenite to selenate  
CMC - Criterion Maximum Concentration  
CCC - Criterion Continuous Concentration 

 

Table 10.  Summary of Analytical Chemistry Measurements in addition to 
contaminants in Santa Clara River Estuary Samples Collected September 28, 2004 

 

 
 

Sample 
Total                            

Organic Carbon                
(mg/L)

Dissolved                                      
Organic Carbon                    

(mg/L)

Total                             
Suspended Solids                       

(mg/L)

A-2 11 9.6 25

B-1 18 15 17

B-3 11 8.6 15

C-3 18 18 12
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WATER-EFFECT RATIO  

Copper EC50 values and WER calculations are summarized in Table 11.  Detailed WER 

results are available in Appendix F.  Mean normal development was 90 to 93 percent in 

the unspiked estuary samples, compared to 92 percent in the laboratory control.   Total 

copper EC50 values calculated for estuary samples based on measured copper 

concentrations ranged from 18.2 to > 85.1 �g/L.  For comparison, the mean EC50 

calculated for polished seawater spiked with copper was 11.5 �g/L.  The calculated WER 

values ranged from 1.58 to > 7.40, with a geometric mean of 4.1.    

 

Table 11.  Total Copper WER Values for Santa Clara River Estuary Samples 
Calculated using Scripps Polished Seawater (measured concentrations) a 

QA/QC 

FRESHWATER SPECIES 

Laboratory controls met acceptability criteria for all three freshwater species tested.  

Mean percent survival for the fathead minnow lab control was 90 percent (> 80 percent 

criterion); mean dry biomass was 0.36 mg (> 0.25 mg criterion).  No mortality was 

observed in the lab controls for the water flea test, which has a minimum mean survival 

criterion of 80 percent.  Mean reproduction was 25 offspring (> 15 offspring minimum).  

Finally, the lab control for the green alga test had a mean final density of 22.2 x 105 

cells/ml and variability among control replicates of 12 percent.  Acceptability criteria for 

this test are a minimum mean final density of 10 x 105 cells/ml and less than 20 percent 

Site A-2 18.2 1.58
Site B-1 81.3 7.07
Site B-3 39.7 3.45
Site C-3 >85.1 >7.40

Polished Scripps Seawater 
(PSW) a

11.5 NA

Scripps Seawater b 11.1 NA
a Seawater from Scripps (see footnote b) was polished at Nautilus by passing it through a 0.2-µm filter.
b Seawater from the Scripps Institute of Oceanography was sand filtered on-site prior to collection.  
   This seawater was used used to conduct a standard copper reference toxicant test included here and in 
   the laboratory reference toxicant control chart.

Sample EC50 (µµµµg/L Total Cu) Water-Effect Ratio
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variability among control replicates. 

Reference toxicant tests conducted using the fathead minnow, and green alga met test 

acceptability criteria, and fell within two standard deviations of laboratory control chart 

means (Appendix C).  While the water flea reference toxicant test met acceptability 

criteria, LC50 (survival) and EC50 (reproduction) values both just exceeded their 

respective two-standard deviation control limits.  Statistically, it is expected that a single 

value will fall out of range approximately five percent of the time.  Conversely, it is also 

possible that the test organisms were less sensitive than is typical in this laboratory.  In 

addition, the control limits were based on only ten data points, and it is possible that an 

increased sample size may change the limits.  Regardless, according to the EPA 

protocol, an out-of-control data point does not invalidate the test data.  After close 

examination of the water sample and reference toxicant test data, all results were 

deemed acceptable for reporting purposes.   

MARINE SPECIES  

Laboratory controls met acceptability criteria for three of the four marine species tested: 

Pacific topsmelt, opossum shrimp, and giant kelp.  The bivalve development test resulted 

in lab controls with mean normal development of 87 to 89 percent, just below the 90 

percent criterion.  However, the results were deemed acceptable for reporting purposes 

because: 1) the mean values for normal development were close to the criterion, and the 

range of values among control replicates included several values exceeding the criterion; 

2) no toxicity was observed in the tests; and 3) the percent minimum significant 

differences (MSDp) between test concentrations and the control were low, indicating the 

test was sensitive.  Topsmelt mean control survival ranged from 96 to 100 percent and 

mean dry biomass ranged from 1.2 to 1.6 mg.  Both endpoints exceeded the minimum 

requirements of 80 percent survival and 0.85 mg biomass, respectively.  Mean percent 

survival for both of the opossum shrimp controls was 100 percent, which also exceeded 

the minimum requirement of 80 percent.  The mean dry biomass ranged from 0.39 to 

0.42 mg (> 0.2 mg criterion).  Finally, the kelp test controls exhibited 71 to 72 mean 

percent germination and 14 to 15 µm mean spore length, exceeding the criteria of 70 

percent and 10 µm, respectively. 

Reference toxicant tests conducted using topsmelt, opossum shrimp, and giant kelp met 

test acceptability criteria, and fell within two standard deviations of laboratory control 
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chart means (Appendix C).  Again, the control for the mussel embryo development test 

fell short of the 90 percent normal development criterion; mean normal development was 

89 percent in the control.  However, a typical dose-response was observed in the test, 

and the EC50 fell within two standard deviations of the historical laboratory mean 

(Appendix C), suggesting that the results were representative of responses typically 

obtained in this laboratory.   



City of San Buenaventura Dry Weather Toxicity and Chemistry Report 
Santa Clara River Estuary Project, September 2004                                             

 

 
26 

LITERATURE CITED 

American Society for Testing and Materials (ASTM), 1999. Standard guide for 
conducting static acute toxicity tests starting with embryos of four species of 
saltwater bivalve molluscs.  ASTM Designation: E 724-98. 

GraphPad Software Inc. 1994-2000.  GraphPad Prism, Version 4.00 

Tidepool Scientific Software.  2001-2002.  Comprehensive Environmental Toxicity 
Information System (CETIS), version 1.025B.   

U.S. EPA. 1995. Short-Term Methods for Estimating the Chronic Toxicity of Effluents 
and Receiving Waters to West Coast Marine and Estuarine Organisms. U.S EPA 
Office of Research and Development, Washington DC. (EPA 600/R-95/136), July 
1995. 

U.S. EPA. 2000. Water Quality Standards; Establishment of Numeric Criteria for Priority 
Toxic Pollutants for the State of California. Federal Register Volume 65 No. 97, 
May 2000. 

U.S. EPA. 2002a. Short-Term Methods for Estimating the Chronic Toxicity of Effluents 
and Receiving Waters to Freshwater Organisms, Fourth Edition. U.S EPA Office 
of Research and Development, Washington DC. (EPA/821/R-02/013), October 
2002. 

U.S. EPA. 2002b. Short-Term Methods for Estimating the Chronic Toxicity of Effluents 
and Receiving Waters to Marine and Estuarine Organisms, Third Edition. U.S 
EPA Office of Research and Development, Washington DC. (EPA/821/R-02/014), 
October 2002. 

 
 

 
 

 





























































































































 

 
 
 

A. AFFINIS 




































































































































































































































































































































































































































































































































































































	Toxiciy and Chemical Evaluation
	Introduction
	Methods and Materials
	Results and Discussion
	QA/QC
	Literature Cited
	Appendix A - Chronic Test Result Summaries
	Appendix B - Statistical Analysis Summaries & Raw Bench Datasheets
	Appendix C - Reference Toxicant Data 
	Appendix D - Analytical Chemistry Data
	Appendix E - Field Collection Data
	Appendix F - Water-Effect Ratio Results
	Appendix G - Chain-of-Custody Forms


