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INTRODUCTION 

Toxicity tests and chemical analyses were conducted on estuarine sediment and ambient 

water samples collected from the Santa Clara River Estuary located in the City of San 

Buenaventura, CA.  This second sampling effort for the project was characterized as a 

“wet weather” event; the sand berm was breached and the estuary was open to tidal 

flushing.  Dr. Howard Bailey, Mr. Chris Stransky, and Mr. John Rudolph of AMEC Earth & 

Environmental (AMEC) coordinated the sediment collection effort, toxicity testing, and 

chemical testing programs.  Sediment toxicity testing was performed using marine 

species: the amphipod Eohaustorius estuarius and the bivalve Mytilus galloprovincialis 

(formerly Mytilus edulis).  Estuarine 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 opossum shrimp, Americamysis bahia 

(formerly Mysidopsis bahia), and the pacific topsmelt, Atherinops affinis.  Bioassays were 

conducted between 17 and 25 March 2004 at the AMEC Bioassay Laboratory located in 

San Diego, CA.  A single sediment sample was retested on 8 May 2004.  Chemical 

analyses were performed by Calscience Environmental Laboratories (CEL) located in 

Garden Grove, CA. 

METHODS AND MATERIALS 

SAMPLE COLLECTION AND TRANSPORT 

Sediment Samples 

Sediment samples were collected on 16 March 2004 from eleven locations identified as 

Sites A-1, A-2, A-3, B-1, B-2, B-3, B-4, C-1, C-2, C-3, and D-1.  Sample collection time, 

water depth, sediment grab penetration depth, GPS coordinates, tidal information, and 

detailed physical descriptions of each sample were recorded in a field logbook (Appendix 

G).   

All equipment used for sediment collection was cleaned thoroughly with Alconox soap 

and rinsed with site water.  Collections were performed using a 10 cm2 stainless steel 

Van Veen grab.  Several grab samples were collected at each field location to in order to 

obtain sufficient sediment for testing.  Sample materials were placed in polypropylene 
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bags, labeled, and tightly sealed.  All samples were packed in ice chests containing wet 

ice and transported to AMEC.  

Upon arrival at AMEC, coolers were opened and their contents verified. Sediment grabs 

from each site were then placed in a clean stainless steel bucket, homogenized, and 

sub-sampled for chemical, grain size, and toxicity analyses.  Subsamples for chemical 

analysis were placed in labeled, certified-clean glass jars.  Toxicity testing sample 

materials were placed in polypropylene bags, labeled, and tightly sealed.  Subsamples 

for grain size analysis were placed in labeled zip-lock bags.  Samples for toxicity and 

chemical analyses were then placed in a 4°C cold room until toxicity test initiation or 

transport to CEL.  Samples for grain size analysis were stored at room temperature. 

Ambient Water Samples 

Ambient water samples were collected from four of the eleven sediment-sampling 

locations (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, GPS 

coordinates, water depth, temperature, dissolved oxygen (DO), salinity, and pH were 

recorded in a field logbook (Appendix G).     

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

rinsed with site water.  Collections were performed using 5-L high-density-polyethylene 

(HDPE) containers.  Several grab samples were collected at each field location to in 

order to obtain sufficient volume for testing.  Water samples from each site were then 

composited in clean 20-L lined buckets and tightly sealed.  AMEC personnel transported 

all samples to the laboratory.  Upon arrival in the laboratory, water quality parameters of 

temperature, DO, conductivity, salinity, pH, total residual chlorine, alkalinity, and 

hardness were measured and recorded in a logbook.  Samples were then placed in a 

4°C cold room until toxicity test initiation on the following day.   
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ORGANISM PROCUREMENT AND HANDLING 

Marine Sediment Exposures  

Amphipod 

Eohaustorius estuarius were obtained from Mr. Gary Buhler of Northwest Aquatic 

Laboratories in Newport, OR.  The organisms were transported to AMEC in coolers 

containing sieved site sediment and air-saturated seawater.  Upon arrival at AMEC, 

water quality parameters of temperature, pH, DO, and salinity were measured and 

recorded in a logbook.  Amphipod condition was also noted.  The amphipods were then 

acclimated to test temperature and salinity, and observed each day prior to test initiation 

for any indications of stress (e.g. abnormal swimming or burrowing behavior) or 

significant mortality (>10%).     

Bivalve 

Carlsbad Aquafarms in Carlsbad, CA supplied the bay mussel Mytilus galloprovincialis.  

The mussels were transported to AMEC in ice chests via same-day courier service.  In 

the laboratory, the organism receipt date and arrival condition were recorded in a 

logbook.  The mussels then were acclimated to test temperature and salinity, and 

observed each day prior to test initiation for any indications of significant mortality 

(>10%).     

Ambient Water Exposures 

Freshwater Species 

Fathead Minnow 

Fish larvae were purchased from Aquatic Biosystems of Fort Collins, CO.  The 

organisms were placed in plastic bags containing oxygenated culture water, packed in 

insulted containers, and transported to AMEC via overnight delivery service.  Upon arrival 

at AMEC, temperature, pH, DO, and conductivity were measured and recorded in a 

logbook.  Fish larvae condition was also noted.  The larvae were then acclimated to test 

dilution water and temperature, and observed prior to test initiation for any indications of 
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stress (e.g. abnormal swimming behavior) or significant mortality (>10%).  Fish larvae 

were fed Artemia nauplii to satiation during holding. 

Water Flea 

Cultures of C. dubia are maintained for use in testing at AMEC.  One week prior to test 

initiation, neonate (<24 hours old) water fleas were isolated from brood stock from the 

previous week and placed in individual holding cups containing 8:2 water and food.  

Neonate selection for continuing culture is based on overall health and reproductive 

performance of the individuals in the current culture.  The number of water fleas isolated 

was equal to the number of neonates required to initiate testing.  Cups were held in a 

polypropylene holder and the entire holder was placed in a temperature-controlled room 

maintained at 25°C.  Isolated females were transferred to cups containing fresh water 

and food each day, and on the morning of test initiation.  Neonates produced on the day 

of test initiation were selected for testing if produced by individuals producing at least 3 

broods of 8 or more neonates over the course of the previous week.   

Algae 

A continuous culture of S. capricornutum is maintained for use in testing at AMEC.  A 

new culture is started each week and allowed to grow under a cool-white fluorescent light 

source providing continuous illumination above the culture.  The culture used to inoculate 

the effluent and reference toxicant test for this study was seven days old and in log-

phase growth at the time of test initiation. 

 Marine Species 

Bivalve  

The same brood stock of M. galloprovincialis was used to initiate both ambient water 

tests and sediment tests. 

Pacific Topsmelt 

Fish larvae were purchased from Aquatic Biosystems of Fort Collins, CO.  The 

organisms were placed in plastic bags containing oxygenated culture water, packed in 

insulted containers, and transported to AMEC via overnight delivery service.  Upon arrival 

at AMEC, water quality measurements of temperature, pH, DO, and salinity were 
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recorded in a logbook.  Fish larvae condition was also noted.  The larvae were then 

acclimated to test salinity and temperature, and observed prior to test initiation for any 

indications of stress (e.g. abnormal swimming behavior) or significant mortality (>10%).  

Fish larvae were fed Artemia nauplii to satiation during holding. 

Opossum Shrimp 

Shrimp larvae were purchased from Aquatic Biosystems of Fort Collins, CO.  The 

organisms were placed in plastic bags containing oxygenated culture water, packed in 

insulted containers, and transported to AMEC via overnight delivery service.  Upon arrival 

at AMEC, water quality parameters of temperature, pH, DO, and salinity were measured 

and recorded in a logbook.  Shrimp larvae condition was also noted.  The larvae were 

then acclimated to test salinity and temperature, and observed prior to test initiation for 

any indications of stress (e.g. abnormal swimming behavior) or significant mortality 

(>10%).  Shrimp larvae were fed Artemia nauplii to satiation during holding. 

Giant Kelp 

Giant kelp zoospores are obtained from the reproductive blades (sporophylls) of adult 

plants.  AMEC personnel collected kelp sporophylls from multiple plants offshore of La 

Jolla Cove in La Jolla, CA the day prior to test initiation.  The blades were transported to 

AMEC in a clean cooler with blue ice.  Once in the lab, sporophylls were cleaned, rinsed 

with 0.20-µm filtered seawater, blotted dry, arranged individually in a single layer on 

paper towels, and allowed to desiccate for one hour.  The blades were rinsed again and 

placed in a 2-L glass beaker containing 1 L of clean filtered seawater.  The beaker was 

then placed in a temperature-controlled environmental chamber at 15°C.  One hour later, 

the blades were removed and the resulting solution of released zoospores allowed to 

settle.  After approximately 30 minutes, the motile zoospores were siphoned from the top 

layer of seawater into a flask and observed under a compound microscope at 100x to 

verify their viability.  Spore density was determined by direct count of the spore solution 

with an Improved Nuebauer hemacytometer, and an algal stock solution was prepared to 

yield an initial cell density of approximately 225,000 cells per ml in each test chamber.   
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BIOASSAY PROTOCOLS 

Marine Sediment Exposures 

Amphipod 10-Day Survival 

Marine amphipod bioassays using Eohaustorius estuarius were conducted in accordance 

with “Standard Guide for Conducting 10-day Static Toxicity Tests with Marine and 

Estuarine Amphipods,” ASTM Designation: E 1367-92 (1993).  Animals were exposed to 

test sediments for ten days to determine the effects of site sediment on amphipod 

survival.  Prior to testing, sediments were sieved through a 500-µm Nitex screen to 

remove native organisms and shell debris.  Test chambers consisted of 1-L glass jars 

with a 2-cm layer of sieved sediment and 900 ml of overlying 20 µm lab-filtered seawater 

at a salinity of 30 ppt.  The tests were performed at a temperature of 15 ± 1°C under 

continuous light.  Aeration was provided continuously to each test chamber through a 

glass pipette at a rate of approximately two bubbles per second.  The experimental 

design consisted of five laboratory replicate test chambers per site.  In addition, a sixth 

replicate was initiated for each site as a surrogate daily water quality measurements.  

Twenty amphipods were carefully placed in each test chamber at test initiation.  Two 

negative controls consisting of 1) a water-only exposure with no sediment added, and 2) 

sediment from the amphipod collection location were tested concurrently.  

Temperature, DO, pH, and salinity were monitored daily in the surrogate test chamber for 

each sediment sample.  Subsamples of overlying water were collected from surrogate 

test chambers for initial and final total ammonia analysis.  Additionally, subsamples of 

sediment porewater were collected prior to test initiation and analyzed for total ammonia.  

Porewater was collected by centrifuging the whole sediment at 3500 rpm for a period of 

fifteen minutes.  

A concurrent reference toxicant test (positive control) using cadmium (II) chloride (CdCl2) 

was conducted in conjunction with the sediment test.  Reference toxicant testing is a 

QA/QC procedure used to evaluate the quality and sensitivity of the test organisms. 
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48-Hour Bivalve Embryo Survival and Development 

Bivalve embryo development assays were conducted in accordance with the document 

“Recommended Guidelines for Conducting Laboratory Bioassays on Puget Sound 

Sediments,” Puget Sound Estuary Program (PSEP), July (1995) and “Standard Guide for 

Conducting Static Acute Toxicity Tests Starting with Embryos of Four Species of 

Saltwater Bivalve Molluscs,” ASTM Designation: E 724-89 (1993).  Embryos of the 

bivalve M. galloprovincialis were exposed to whole test sediments for 48 hours to 

determine the effect of site sediment exposure on survival and development.  Tests were 

conducted in 1-L glass jars with 18 g of sediment and 900 ml of overlying 20-µm lab-

filtered seawater at a salinity of 30 ppt.  The tests were performed at a temperature of 15 

± 1°C under a 16:8 hour light:dark regime.  Two concurrently tested negative controls 

consisted of 1) clean rinsed beach sand with filtered seawater, and 2) a water-only 

exposure with no sediment added.  The experimental design consisted of five laboratory 

replicate test chambers per site.  In addition, a sixth replicate was initiated for each site 

as a surrogate to perform daily water quality measurements.  Fertilized eggs were added 

to each test chamber at a density of 20,000 eggs/ml.  At test termination, overlying water 

was carefully poured into a clean beaker.  The solution was thoroughly and gently 

homogenized and a 10-ml subsample was collected and preserved with 1 ml of 

seawater-buffered Formalin prior to scoring.   

Temperature, DO, pH, and salinity were monitored daily in the surrogate test chamber for 

each site.  Subsamples of overlying water from each site were collected for total 

ammonia analysis both at test initiation and termination.  Additionally, subsamples of 

sediment porewater were collected prior to test initiation and analyzed for total ammonia.  

Porewater was collected by centrifuging the whole sediment at 3500 rpm for a period of 

fifteen minutes. 

A concurrent reference toxicant test (positive control) using copper (II) chloride (CuCl2) 

was conducted in conjunction with the sediment test. 

Ambient Water Exposures 

All freshwater bioassay procedures used for this study follow, with some modification, 

“Short-Term Methods for Estimating the Chronic Toxicity of Effluents and Receiving 

Waters to Freshwater Organisms, Fourth Edition (EPA/821/R-02/013),” (US EPA 2002a).  

Marine bioassays conducted using Americamysis bahia, follow “Short-Term Methods for 
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Estimating the Chronic Toxicity of Effluents and Receiving Waters to Marine and 

Estuarine Organisms, Third Edition (EPA/821/R-02/014),” (US EPA 2002b).  Finally, 

marine bioassays conducted using Mytilus galloprovincialis, Atherinpos affinis, and 

Macrocystis pyrifera follow “Short-Term Methods for Estimating the Chronic Toxicity of 

Effluents and Receiving Waters to West Coast Marine and Estuarine Organisms (EPA 

600/R-95/136),” (US EPA 1995).  The giant kelp bioassay additionally utilizes 

“Procedures for Conducting Toxicity Tests Developed by the Marine Bioassay Project,” 

(California EPA 1996).  

Freshwater Species 

Fathead Minnow 7-Day Survival and Growth 

This test estimates chronic toxicity by evaluating survival and growth of larval fathead 

minnows over time.  Larval fish (one day old at test initiation) were exposed to the 

samples for a period of seven days.  A sample concentration of 100 percent was tested 

along with a negative control.  Because samples were estuarine, an additional control of 

equal salinity to the sample was also tested to ensure observed mortality was not due to 

salinity rather than other toxic constituents.   

Test solutions were prepared using graduated cylinders and pipettes.  Measurements of 

pH, DO, temperature, and conductivity were measured and recorded for each test 

concentration and control.  Four replicate test chambers were prepared for each test 

concentration and control.  Replicates consisted of 400-ml plastic cups containing 250 ml 

of test solution.  Test solutions were acclimated to 25°C in a temperature-controlled 

environmental chamber prior to initiation.   

Ten fish larvae were arbitrarily added to each test chamber.  A second technician verified 

counts and condition of all test organisms prior to addition of the larvae to test chambers 

and when test initiation was complete.  A 16:8 hour light:dark illumination cycle was 

provided for the duration of the test.  Test chambers were covered with a clear plexiglass 

sheet to prevent test solution contamination. 

Test solutions were renewed once per day, and organisms were fed three times per day.  

Temperature, pH, DO, and conductivity were measured daily in both freshly prepared 

test solution, and test solution collected from the test chambers for each concentration 

and control.  Survival status was recorded for each test chamber once per day.  At test 
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termination, final observations were made and test animals were prepared for weight 

determination.   

Fish weights were determined by placing fish from each test chamber in individual tared 

aluminum pans and drying them in an oven at 60°C for 24 hours.  After drying, fish were 

weighed on a Mettler 240AE balance to the nearest 0.01 mg.  

A concurrent CuCl2 reference toxicant test (positive control) was also conducted as a 

measure of consistent organism sensitivity, as well as continuing laboratory proficiency 

with the method. 

Water Flea 7-Day Survival and Reproduction 

This test estimates chronic toxicity by evaluating survival and reproduction of individual 

water fleas over time.  Water fleas (<24 hours old at test initiation) were exposed to the 

samples for a period of seven days.  A sample concentration of 100 percent was tested 

along with a negative control.  Because samples were estuarine, an additional control of 

equal salinity to the sample was also tested to ensure observed mortality was not due to 

salinity rather than other toxic constituents.   

Test solutions were prepared using graduated cylinders and pipettes.  A diet of yeast, 

cerophyll, trout chow (YCT) and Selenastrum suspension was added to each test sample 

and control prior to distribution to test chambers.  Measurements of pH, DO, 

temperature, and conductivity were measured and recorded for each test concentration 

and control.  Ten replicate test chambers were prepared for each sample and control.  

Replicates consisted of 30-ml soufflé cups containing 15 ml of test solution.  Test 

solutions were acclimated to 25°C in a temperature-controlled environmental chamber 

prior to initiation.   

Test solutions were renewed, and organisms were fed once per day.  Temperature, pH, 

DO, and conductivity were measured daily in both freshly prepared test solution, and test 

solution collected from the test chambers for each concentration and control.  Survival 

status and reproductive output were recorded for each organism once per day.  At test 

termination, final observations were made, water quality measurements taken, and test 

solution and organisms discarded.   

A concurrent CuCl2 reference toxicant test (positive control) was also conducted. 
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96-Hour Algal Growth Inhibition 

This test estimates chronic toxicity by measuring algal population response to effluent 

exposure in terms of changes in cell density over time.  Algal cells (seven days old and in 

log-phase growth at test initiation) were exposed to the samples for a period of 96 hours.  

A sample concentration of 100 percent was tested along with a negative control.  

Because samples were estuarine, an additional control of equal salinity to the sample 

was also tested to ensure observed mortality was not due to salinity rather than other 

toxic constituents.   

Test solutions were prepared using graduated cylinders and pipettes.  Nutrients to 

promote algal growth were added to effluent and dilution water at a ratio of 1 ml/L.  

Measurements of pH, DO, temperature, and conductivity were measured and recorded 

for each test concentration and control.  Alkalinity and hardness were measured and 

recorded for each control and sample prior to test initiation.  Five replicate test chambers 

were prepared for each test concentration and control, one of which was used only as a 

surrogate for measuring pH and temperature during the exposure period.  An additional 

flask containing sample not inoculated with algae was also tested as a blank to ensure 

that there was no growth of native algae, or other interference in measuring fluorescence 

at test termination.  Test chambers consisted of 125-ml Erlenmeyer flasks containing 50 

ml of test solution.  Test solutions were acclimated to 25°C in a temperature-controlled 

environmental chamber prior to inoculation.   

Each test chamber was aseptically inoculated with an algal stock solution prepared to 

yield an initial cell density of approximately 10,000 cells per ml in each test chamber.  A 

cool-white fluorescent light source provided continuous illumination above the test 

chambers.  Each chamber was covered with Parafilm to prevent test solution 

contamination. 

Each test chamber was manually swirled three times per day (morning, mid-day, and 

evening), and rotated to a new location under the light source twice per day (morning 

and evening) for the duration of the test period.  Temperature and pH were measured 

once per day in the surrogate test chamber for each concentration and control.  At test 

termination, cell density in each test chamber was determined using a Turner Model TD-

700 Fluorometer.  Fluorescence was automatically converted to cell density based on an 

internal calibration curve that is updated monthly. 
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A concurrent CuCl2 reference toxicant test (positive control) was also conducted. 

Marine Species 

Bivalve Embryo Development  

Bivalve embryos were exposed to ambient site water for a period of 48 hours to evaluate 

effects on embryo development.  Sample concentrations 6.25, 12.5, 25, 50, and 66 – 75 

percent (based on individual sample salinity) were tested along with a negative control.  

Due to the low salinities of the samples, 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.  An additional control 

composed of hypersaline brine and deionized water was also tested to ensure observed 

toxic effect was not due to the addition of brine rather than other toxic constituents.     

Test solutions were prepared using graduated cylinders and pipettes.  Measurements of 

pH, DO, temperature, and salinity were measured and recorded for each test 

concentration and control.  Five replicate test chambers were prepared for each test 

concentration and control.  Replicates consisted of 30-ml shell vials containing 10 ml of 

test solution.  Test solutions were acclimated to 15°C in temperature-controlled 

environmental chambers prior to initiation.   

Fertilized eggs were added to each test chamber to produce a density of 20 eggs/ml.  A 

16:8 hour light:dark illumination cycle was provided for the duration of the test.  Test 

chambers were covered with a clear plexiglass sheet to prevent test solution 

contamination. 

Temperature, pH, DO, and salinity were measured daily in surrogate test chambers for 

each concentration and control.  At test termination, larvae in each test chamber were 

preserved with 1-ml of seawater-buffered Formalin prior to evaluation.  The total number 

of bivalve embryos in each test chamber was counted under a compound microscope at 

400x magnification.  The embryos were classified as normal or abnormal.  Normally 

developed embryos have a distinct D-shape with complete formation of the shell.   

A concurrent reference toxicant test (positive control) using CuCl2 was conducted in 

conjunction with the ambient water tests.        
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Pacific Topsmelt and Opossum Shrimp 7-Day Survival and Growth 

This test estimates chronic toxicity by evaluating survival and growth of larval pacific 

topsmelt or opossum shrimp over time.  Organisms were exposed to the samples for a 

period of seven days.  Sample concentrations 6.25, 12.5, 25, 50, and 100 percent were 

tested along with a negative control.  Due to the low salinities of the samples, Forty 

Fathoms™ sea salt was added to each sample to raise the salinity to 30 ppt.  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.     

Test solutions were prepared using graduated cylinders and pipettes.  Measurements of 

pH, DO, temperature, and salinity were measured and recorded for each test 

concentration and control.  Five (pacific topsmelt) or eight (opossum shrimp) replicate 

test chambers were prepared for each test concentration and control.  Replicates for the 

topsmelt test consisted of 1-L plastic cups containing 500 ml of test solution.  Replicates 

for the shrimp test consisted of 400-ml plastic cups containing 250 ml of test solution.  

Test solutions were acclimated to 20 and 25°C in temperature-controlled environmental 

chambers prior to initiation, for the topsmelt and shrimp tests respectively.   

Five organisms were arbitrarily added to each test chamber.  A second technician 

verified counts and condition of all test organisms prior to addition of the larvae to test 

chambers and when test initiation was complete.  A 16:8 hour light:dark illumination cycle 

was provided for the duration of the test.  Test chambers were covered with a clear 

plexiglass sheet to prevent test solution contamination. 

Test solutions were renewed once per day, and organisms were fed two times per day.  

Temperature, pH, DO, and salinity were measured daily in both freshly prepared test 

solution, and test solution collected from the test chambers for each concentration and 

control.  Survival status was recorded for each test chamber once per day.  At test 

termination, final observations were made and test animals were prepared for weight 

determination.   

Dry weights were determined by placing organisms from each test chamber in individual 

tared aluminum pans and drying them in an oven at 60°C for 24 hours.  After drying, 

pans were weighed on a Mettler 240AE balance to the nearest 0.01 mg.  
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A concurrent CuCl2 reference toxicant test (positive control) was conducted with the 

pacific topsmelt test.  A reference toxicant test was not run concurrent to the opossum 

shrimp bioassay, but was performed on 29 April 2004 with shrimp larvae from the same 

supplier.   

48-Hour Giant Kelp Germination and Growth  

This test estimates chronic toxicity by evaluating germination rate and growth of 

individual zoospores over a 48-hour period.  Sample concentrations 6.25, 12.5, 25, 50, 

and 58 – 68 percent (based on individual sample salinity) were tested along with a 

negative control.  Due to the low salinities of the samples, 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.  An 

additional control composed of hypersaline brine and deionized water was also tested to 

ensure observed toxic effect was not due to the addition of brine rather than other toxic 

constituents.     

Test solutions were prepared using graduated cylinders and pipettes.  Measurements of 

pH, DO, temperature, and salinity were measured and recorded for each test 

concentration and control.  Five replicate test chambers were prepared for each test 

concentration and control.  Replicates consisted of 50-ml glass petri dishes containing 30 

ml of test solution.  Test solutions were acclimated to 15°C in temperature-controlled 

environmental chambers prior to initiation.   

Approximately 225,000 kelp spores were added to each test chamber.  A 16:8 hour 

light:dark illumination cycle was provided for the duration of the test.  At test termination, 

kelp spore germination was scored under a compound microscope at 400x 

magnification.  Ten germinated kelp spores were then arbitrarily selected and measured 

to the nearest µm.  Test solutions from each replicate were pooled by concentration, and 

water quality parameters of pH, DO, and salinity were measured and recorded.  All test 

solutions were discarded. 
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STATISTICAL ANALYSES 

Sediment Bioassays 

Eohaustorius responses were analyzed using a non-parametric Analysis of Variance 

(ANOVA) (Kruskal-Wallis).  Homogeneity of variance was checked using the F-test for 

equal variance and normality of data was checked using the Kolmogorov-Smirnov test. 

To evaluate differences between the control sediment and each sample location, one-tail 

Student’s t-tests were performed.  Proportion values were not transformed prior to 

analysis due to a normal distribution of the data.   

Mytilus galloprovincialis responses were evaluated using the Kruskal-Wallis test (23 

March 2004) or a one-way ANOVA (8 May 2004 B-1 retest).  To evaluate differences 

between the control sediment and each sample location, one-way Student’s t-tests were 

performed on untransformed proportion data.  Welch’s Correction was applied when a 

significant difference in variance was observed.   

Relationships between grain size and sediment trace metals (Cu, Ni, Se, and Zn) to 

amphipod and bivalve responses were evaluated using Pearson correlations. 

Analyses were performed using GraphPad Prism Version 4.00 statistical software.   

Ambient Water and Reference Toxicant Bioassays 

Analysis of ambient water and reference toxicant data was conducted using ToxCalc 

Comprehensive Toxicity Data Analysis and Database Software, Version 5.0.  Statisitcal 

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 t Multiple Comparisons Tests.  Median Lethal Concentration (LC50) or 

Median Effect Concentration (EC50) values were determined for reference toxicant 

bioassays using Maximum Likelihood Probit, Trimmed Spearman-Karber, or Linear 

Interpolation Analysis.  The choice of statistical method used was dependent upon 

specific assumptions met by the data. 

 

CHEMICAL ANALYSES 

Analysis of sediment total organic carbon (TOC), copper, nickel, zinc, and selenium was 
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performed by CEL (Appendix F). 

RESULTS AND DISCUSSION 

Detailed data summaries are contained in Appendix A.  Bioassay water quality and 

ammonia data are located in Appendix B.  Reference toxicant data are located in 

Appendix C and statistical analyses and raw data are found in Appendix D.  Grain size, 

analytical chemistry data reports, field collection data logs, and chain-of-custody 

information can be found in Appendices E, F, G and H, respectively.   

 

SEDIMENT TOXICITY TEST RESULTS 

Amphipod 10-Day Survival 

All water quality measurements recorded during the 10-day amphipod exposure with 

Eohaustorius estuarius were within the range defined as acceptable by the test protocol 

(Appendix B-1).  Mean survival among the water only and  sediment controls was 98 and 

97 percent, respectively, exceeding the recommended EPA acceptability criterion of 90 

percent in seawater-only controls.  Mean survival among the samples ranged from 76 to 

95 percent.  One-way ANOVA found a significant difference among the sites (p = 0.001).  

Pair-wise comparisons using one-tailed Student’s t-tests indicated that Sites A-1, B-3, C-

2 and C-3 exhibited a statistically significant reduction in survival when compared to the 

control (Appendix D-1).  Although statistically significant, mean survival in these four 

samples was relatively high, ranging between 76 and 85 percent.  

Correlations to Sediment Characteristics 

There were no statistically significant relationships between the observed responses and 

percent fines, TOC or metals concentrations (Appendix D-3).  Conversely, percent gravel 

was inversely related to survival, suggesting that a predominance of coarse grain size 

adversely affected survival.   

Reference Toxicant Test 

A concurrent reference toxicant test using CdCl2 was conducted in order to assess the 

health and sensitivity of the test organisms.  Mean control survival in the reference 

toxicant was 85 percent (Appendix C).  The LC50 was determined to be 5.86 mg/L CdCl2 
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(as cadmium) using the Maximum Likelihood-Probit method.  This value falls within of ± 

two standard deviations of laboratory control chart limits (Appendix C). 

 

 

Figure 1.  Summary of sediment toxicity test results for amphipod 10-day survival.  Santa 
Clara River Estuary samples collected 17 October 2003.  Mean (±1 SD) values are 
displayed.  * = Significant decrease relative to the control (one-tailed t-test, p< 0.05, 
n=5). 

Ammonia 

Total ammonia levels in interstitial porewater ranged from 0.1 to 15.4 mg/L among all 

test sediments.  Ammonia in overlying water ranged from 0.5 to 3.1 mg/L and 0.4 to 5.7 

mg/L for day zero and day ten, respectively (Appendix B-1).  Levels of total ammonia 

were well below those (30-60 mg/L) reported to be toxic to this species (Kohn et al. 

1994). 
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Bivalve Embryo Survival and Development 

All water quality measurements during the 48-hour bivalve bioassays were within 

acceptable ranges outlined in the test protocol (Appendix B-2).  Normal development 

(normality) was calculated for all replicates by dividing the number of normal larvae 

counted in a given replicate by the total number of surviving larvae in that replicate. 

Normality in the water only and laboratory sediment control was 71 and 68 percent, 

respectively.  Mean normal development in the test samples ranged from 51 to 98 

percent among the samples.  Student t-tests identified no statistically significant 

reductions in normal development of bivalve larvae when compared to the control at an 

alpha level of 0.05 (Appendix D-3).  

Survival was derived from the total number of larvae (normal and abnormal) recovered in 

a 10-ml sub-sample of overlying water from each test chamber.  Percent survival was 

then calculated based on the mean total number of embryos recovered in the test 

chambers divided by the mean total number of embryos recovered in the sediment 

control.  Mean survival relative to the sediment control following exposure to the test 

sediment ranged from 79 to 119 percent.  Student t-tests detected two sites (Sites A-1 

and B-1), which showed a statistically significant reduction in survival when compared 

with the control.   

A combined normality/survival endpoint (effective survival) was also calculated for all 

replicates.  This measurement was derived by dividing the number of normal embryos 

counted by the mean total number of embryos recovered in the sediment control.  This 

endpoint is useful in that it considers abnormal, yet surviving larvae, as unviable and 

therefore only takes into account normal larvae, which can be expected to develop into 

viable adults.  The effective survival for the laboratory sediment control was 68 percent.  

This value is slightly below the recommended acceptability criterion of 70 percent (ASTM 

1991, PSEP 1995).  The effective survival ranged from 51 to 98 percent among all 

sediment samples.  Student t-tests identified no statistically significant reductions in 

effective survival when compared to the control.  The lowest recovery (51 percent) was 

associated with the sample from B-1, located near the discharge point.  
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Figure 2.  Summary of sediment toxicity test results for bivalve embryo development.  
Santa Clara River Estuary samples collected 16 March 2004.  Mean (±1 SD) values are 
displayed.  * = Significant decrease relative to the control (one-tailed t-test, p< 0.05, 
n=5).  Tests initiated 23 March 2004. 
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As an added QA/QC measure, sample B-1 was re-tested on 08 May 2004 due to control 

responses just slightly below the recommended acceptability criterion.  The retest result 

was consistent with the first set of data.  Mean effective survival in the seawater-only and 

sediment controls was 81 and 88 percent, respectively, exceeding the 70 percent 

acceptability criterion (Figure 3).  Mean effective survival was 61 percent in the B-1 

sample.  The difference was statistically significantly reduced from the sediment control 

(one-tailed t-test, p = 0.005, n=5).     
 

Figure 3.  Summary of sediment toxicity test Site B-1 retest results for bivalve embryo 
development.  Santa Clara River Estuary samples collected 16 March 2004.  Mean (±1 
SD) values are displayed.  * = Significant decrease relative to the control (one-tailed t-
test, p< 0.05, n=5).  Test initiated 08 May 2004. 

It should be noted that effective survival is calculated in the ASTM and PSEP test 

protocols by dividing the total number of normal recovered embryos in each test chamber 

by time zero counts, determined through counts in surrogate test chambers terminated 

immediately after initiation.  Time zero counts were not properly collected for this test 

series, therefore, total recovery of embryos in the sediment control was used for this 

calculation.  This comparison may actually be more meaningful because unviable 

fertilized embryos will be lost in the sediment prior to ending the 48-hour test.  This loss 
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of embryos in the sediment matrix usually makes the derivation of survival in test 

sediment from that in a water-only control conservative.   

Correlations to Sediment Characteristics 

There were no apparent relationships between the observed responses and TOC, 

percent fines, percent gravel or concentrations of the selected metals; r2 values 

associated with all of these relationships were < 0.10 (Appendix D-3).    

Reference Toxicant Test 

A reference toxicant test using CuCl2 was conducted concurrently in order to assess the 

health and changes in response of test organisms.  Mean normal development in the 

controls was 89 percent.  The EC50 value was determined to be 23.01 µg/L CuCl2 (as 

copper) by the Trimmed Spearman-Karber method.  This value falls outside of internal 

control chart limits of ±2 standard deviations (4 to 19 µg/L, Appendix C), but was deemed 

reportable, as there was a clear dose response to the reference toxicant.  These 

reference toxicant results indicate that the organisms used for this study may have been 

slightly less sensitive than those normally tested in our laboratory.     

Ammonia 

Overlying water samples were collected at the beginning and end of the test period for 

ammonia measurements.  Total ammonia levels in overlying water ranged from <0.1 to 

1.6 mg/L (Day 0) and 0.2 to 1.1(Day 2) among all test sediments (Appendix B-2).  All 

total ammonia levels were below a concentration (4.0 mg/L) reported to effect bivalve 

embryos (Tang, 1997).  

SEDIMENT TRACE METALS AND TOC 

Sediment metals concentrations and TOC are summarized for the different sites in 

Appendix Table F-1.   Selenium concentrations were below the detection limit of 0.5 

mg/Kg at all sites.  Copper concentrations were relatively low at all sites, generally 

between 2.69 and 4.1 mg/Kg.  Nickel concentrations ranged between 3.8 and 6.4 mg/Kg, 

with no particular trend across sites.  Zinc concentrations were also relatively uniform 

across sites, and ranged between 11.5 and 16.2 mg/Kg.  Sediment metal concentrations 

were all well below their respective ERL sediment quality guidelines (Long et al. 1995). 

TOC concentrations ranged between 1400 and 8100 mg/Kg, with no indication of any 
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trends across sites.  

The relationship between sediment copper levels, copper effects-range low (ERL) 

values, and bivalve embryo development is graphically shown in Figure 4.    

Figure 4.  Relationship between sediment copper levels, copper effects-range low (ERL) 
values, and bivalve embryo development.  Santa Clara River Estuary dry weather 
monitoring event, 16 March 2004. 

SEDIMENT GRAIN SIZE 

The distribution of sediment grain sizes is summarized in Appendix Table E-1.  Virtually 

all of the sites contained relatively coarse-grained sediments, predominantly composed 

of sand or a mixture of gravel and sand.  Percent fines ranged between 1.0 and 7.8 

percent.   

Sediment Copper vs
Bivalve Larvae Toxicity

16 March 2004

A-1 A-2 A-3 B-1 B-2 B-3 B-4 C-1 C-2 C-3
0

20

40

60

80

100

120

0

5

10

15

20

25

30

35Copper ERL

% Norm/Surv Copper

Site

%
 N

o
rm

al
/S

u
rv

iv
o

rs
C

o
p

p
er (m

g
/kg

 d
ry w

t)



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

 

 
22 

AMBIENT WATER - FRESHWATER SPECIES 

Performing toxicity tests with freshwater organisms on samples from the estuary was 

complicated by the fact that the salinity of the samples varied between sites and could 

pose variable levels of stress on the test organisms.  Consequently, each sample was 

tested with a concurrent salinity control.  To separate salinity effects from other 

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

concentration and the appropriate salinity controls.   

Reference toxicant tests for all three freshwater species met test acceptability criteria, 

and fell within two standard deviations of laboratory control chart means (Appendix C). 

Fathead Minnow 7-Day Survival and Growth  

Survival of fathead minnow larvae exceeded 80 percent in samples from Sites A-2, B-1 

and C-3.  Conversely, only 20 percent survival was observed in sample B-3; since this 

site exhibited a salinity of 14.4 ppt and no larvae survived in the corresponding salinity 

control sample, reduced survival in this sample was attributed to elevated salinity 

(Appendix Table A-6).  Growth results were similar to that observed for survival; no 

adverse effects were observed; in fact, average dry weights of larvae exposed to the 

samples exceeded those of their corresponding salinity controls.  Overall, these results 

suggested that there were no adverse effects in samples beyond what could be 

attributed to the salinities of the samples, and that the response was limited to one 

sample in which the salinity reached 14.4 ppt.  Conversely, the salinities of the remaining 

samples ranged between 1.4 and 3.1 ppt.  These data are summarized in Figure 5. 
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Figure 5.  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 (t-test, p< 0.05, n=4).     
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Water Flea 7-Day Survival and Reproduction  

Survival of C. dubia exposed to samples from the estuary was also influenced primarily 

by salinity.  Survival in the laboratory control was 80 percent, compared with a range of 0 

to 100 percent across the sampling sites.  Two of the sites, A-2 and B-3, exhibited 

survivals of 50 and 0 percent, respectively (Appendix Table A-8).  However, these values 

were similar to their corresponding salinity controls and, therefore, these responses were 

attributed to salinity.  Similarly, reproductive output appeared to be strongly influenced by 

the salinity of the samples, with no apparent evidence for any additional effects.  These 

data are summarized in Figure 6. 

96-Hour Algal Growth Inhibition 

The results of the Selenastrum (green algae) tests are more difficult to interpret.  Clearly, 

the elevated salinity associated with the sample from site B-3 was likely responsible for 

the reduced cell numbers observed in this sample.  However, cell numbers in the other 

three samples were all significantly less than their corresponding salinity controls, which 

may imply that other constituents present in the samples were responsible for the 

reduced growth.  Interestingly, field blanks (site water not inoculated with Selenastrum, 

but with nutrients) incubated concurrently with the exposure flasks also exhibited 

elevated chlorophyll concentrations as measured by fluorescence (Appendix Table A-

10).  These data are summarized in Figure 7.  Thus, it is possible that algae already 

present in the samples sequestered the added nutrients and prevented the Selenastrum 

from reaching their optimum cell density.  Alternatively, organic material present in the 

samples may also have bound some of the micronutrients added to the flasks and 

reduced the amount available for growth by the introduced Selenastrum.    
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Figure 6.  Summary of toxicity test results for Water Flea 7-day survival and 
reproduction.  Mean (±1SD) values in 100 percent sample are displayed.  No statistically 
significant decreases were observed compared to concurrent salinity controls (t-test, p< 
0.05, n=10).     
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Figure 7.  Summary of toxicity test results for algal growth inhibition.  Mean (±1SD) 
values in 100 percent sample are displayed.  * = Significant decrease relative to the 
salinity control (t-test, p< 0.05, n=4).     

AMBIENT WATER - MARINE SPECIES 

Marine toxicity tests included bivalve larvae (Mytilus galloprovincialis), pacific topsmelt, 

opossum shrimp, and giant kelp.  Due to the necessity of increasing the salinity of the 

samples with hypersaline brine in tests with Mytilus and giant kelp, modest dilutions of 

the samples occurred.  Consequently, the highest concentrations tested with bivalve 

larvae were 66 (C-3 and B-1), 67 (A-2) and 75 percent (B-3).  Similarly, the highest 

concentrations tested with giant kelp were 60 (A-3), 58 (B-1), 68 (B-3) and 59 (C-3) 

percent.  The samples were tested up to full strength with the addition of artificial sea 

salts for pacific topsmelt and opossum shrimp tests.   

Reference toxicant tests for all four marine species met test acceptability criteria, and fell 

within two standard deviations of laboratory control chart means (Appendix C). 

Bivalve Embryo Development  

No adverse effects were observed with bivalve larvae, even at the highest concentrations 

tested (Appendix Table A-12). These data are shown in Figure 8. 
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Figure 8.  Summary of toxicity test results for bivalve 48-hour embryo development using 
Mytilus galloprovincialis.  Mean (±1SD) values in the highest testable concentration are 
displayed.  Highest testable concentrations are displayed in parentheses below each 
site.  No statistically significant decreases were observed compared to concurrent brine 
controls (t-test, p< 0.05, n=5).   

Pacific Topsmelt 7-Day Survival and Growth 

Survival of topsmelt ranged between 88 and 100 percent, depending upon the sample 

tested (Appendix Table A-14).   Although the reduction in survival was relatively small, it 

was statistically significant in the sample collected at C-3.  Growth was significantly 

reduced in the highest concentrations of all samples tested when compared with the salt 

control.  The level of reduction ranged from approximately 18 to 37 percent of the dry 

weight observed in the controls.  The greatest reduction was associated with the sample 

collected furthest upstream (C-3). These data are summarized in Figure 9.   

Opossum Shrimp 7-Day Survival and Growth 

Survival of mysids averaged between 95 and 100 percent across all four samples, 

indicating that exposure to the samples did not increase mortality.  No adverse effects 

were observed with the growth endpoint, as well (Appendix Table A-16).  These data are 

summarized in Figure 10. 
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Figure 9.  Summary of toxicity test results for pacific topsmelt 7-day survival and growth.  
Mean (±1SD) values in 100 percent sample are displayed.  * = Significant decrease 
relative to the salt control (t-test, p< 0.05, n=5).     
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Figure 10.  Summary of toxicity test results for mysid 7-day survival and growth.  Mean  
(±1SD) values in 100 percent sample are displayed.  No statistically significant 
decreases were observed compared to concurrent salt controls (t-test, p< 0.05, n=8).     
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48-Hour Giant Kelp Germination and Growth 

No adverse effects on the germination of giant kelp spores were observed.  By way of 

comparison, percent germination averaged between 78 and 90 percent in the highest 

concentrations of all the samples tested, compared with a range of 83 to 89 percent in 

the brine controls and 76 to 82 percent in the laboratory controls. Growth averaged 

higher in each of the test samples than in the controls (Appendix Table A-18).  These 

data are presented in Figure 11.   
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Figure 11.  Summary of toxicity test results for kelp spore germination and growth.  Mean 
(±1SD) values in the highest testable concentration are displayed.  Highest testable 
concentrations are displayed in parentheses under each site.  No statistically significant 
decreases were observed compared to concurrent brine controls (t-test, p< 0.05, n=5).     
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AMBIENT WATER TRACE METAL RESULTS  

Copper concentrations in these samples were low, ranging between 1.��DQG����� J�/��$W�

these concentrations, copper would not be expected to result in any adverse effects 

based on values reported in “Water Quality Standards; Establishment of Numeric Criteria 

for Priority Toxic Pollutants for the State of California,” (U.S. EPA 2000).  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 (Tables 1 and 2).  

 
Table 1.  Summary of Total and Dissolved Trace Metal Concentrations Measured in 
Santa Clara River Estuary Samples Collected 16 March 2004.  
  Concentration (Pg/L) 

Sample Form Copper Nickel Selenium  Zinc 

Field Blank Total 0.19 0.26 0.13 1.89 

Total 4.49 4.18 1.73 22.3 
A-2 

Dissolved 3.10 3.26 2.10 17.7 

Total 3.75 3.26 0.61 22.5 
B-1 

Dissolved 2.93 1.31 0.57 22.0 

Total 3.00 5.04 4.54 3.98 
B-3 

Dissolved 2.19 4.11 3.82 3.19 

Total 1.95 6.26 2.51 2.43 
B-4 

Dissolved 1.83 6.12 2.58 2.39 

 
 
Table 2.  EPA Water Quality Criteria for the Protection of Aquatic Life a 
 Concentration (Pg/L) 

Sample Copper Nickel Selenium  Zinc 

EPA Marine Acute CMC 4.8 74 290 90 

EPA Marine Chronic CCC 3.1 8.2 71 81 

EPA Freshwater Acute CMC b 13 470 13-186 c 120 

EPA Freshwater Chronic CCC b 9.0 52 5 total 120 
a Values expressed as a dissolved fractioin excluding the EPA freshwater CCC value for selenium 
b Values are hardness dependant and based in this table on a hardness of 100mg/L CaCO3 
c Freshwater CMC depends on ratio of selenite to selenate, CMC - Criterion Maximum Concentration  
CCC - Criterion Continuous Concentration 
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