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EXECUTIVE SUMMARY  

Overview 
The West Basin Municipal Water District (WBMWD) High Salinity Sensitivity Study (HSS 
Study) comprehensively evaluated the potential short-term and long-term exposure effects 
of high salinity discharges from the WBMWD ocean water desalination demonstration 
facility (OWDDF) on aquatic organisms representative of communities indigenous to various 
near shore environments in Southern California. Study parameters are summarized in Table 
ES-1. Short-term effects were evaluated using Whole Effluent Toxicity (WET) bioassays 
developed by the U.S. Environmental Protection Agency (USEPA) to quantify the 
magnitude and threshold of potential biological effects of discharges (e.g. treated 
wastewater). Both acute toxicity (mortality effects) and chronic toxicity (mortality + sublethal 
effects) bioassays were performed by a state accredited bioassay laboratory. Long-term 
effects were evaluated using mesocosm procedures performed at the OWDDF by exposing 
multiple organisms for eight weeks to ambient seawater and diluted brine flows from the 
OWDDF in large aquaria constructed to simulate the OWDDF discharge environment. 
 
Short-Term WET Testing 
The short-term WET component of the HSS study (Volume I) consisted of a two-phase 
screening process involving initial acute and chronic toxicity range-finding bioassays 
followed by definitive bioassays (i.e. a narrower salinity dilution series). The objective of the 
WET component of the study was to determine which species and early life-stages among 
those available under USEPA protocols were the most sensitive to hypersaline conditions, 
and what salinity levels will elicit adverse effects to those organisms. One objective of the 
WET testing is to provide toxicity data for the most sensitive species expected to reside in 
the OWDDF discharge environment. Modeling this data in conjunction with other factors 
such as water depth and ocean mixing conditions will determine the appropriate salinity 
thresholds for acute and chronic exposures to OWDDF brine discharges.  
 
WET Phase I (i.e. range-finding) chronic toxicity testing using OWDDF brine discharge 
samples involved a single test episode and was conducted with the following USEPA 
authorized test organisms: giant kelp spores (Macrocystis pyrifera), purple sea urchin 
embryos (Strongylocentrotus purpuratus), red abalone embryos (Haliotis rufescens), larval 
mysid shrimp (Americamysis bahia), and larval topsmelt (Atherinops affinis). Each bioassay 
method evaluated sensitive life stages (e.g. growth or embryo development) over a period 
of 48-hours to seven days. Since the suite of available USEPA acute toxicity test methods 
(i.e. methods that measure mortality only) is significantly more limited (i.e. only available for 
fish and shrimp species), Phase I acute toxicity testing was conducted with just three 
species: larval mysid shrimp, larval topsmelt and juvenile sand dabs (Citharichthys 
stigmaeus). The objective of Phase I testing was to determine relative species sensitivities 
in order to identify a narrower brine dilution range to be used in the Phase II definitive 
bioassays. 
 
WET Phase II chronic toxicity testing involved two consecutive test episodes using the three 
species from each trophic level (plant, invertebrate, and vertebrate) most likely to reside 
within the soft bottom OWDDF discharge environment: giant kelp (kelp spores), mysid 
shrimp (larvae) and topsmelt (larvae). A purple urchin bioassay was included in Phase II as 
urchins were more sensitive in Phase I than abalone, the other hard-bottom habitat species, 
and because a substantial amount of urchin data has been generated with other high  
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Table ES-1. Study Summary 
Short-Term WET Testing 

Overview 
Chronic Toxicity 
Effects on mortality and sub-lethal metrics (e.g. 
embryo development, growth) 

Acute Toxicity 
Evaluation of mortality after acute exposure 
(typically 96-hours) 

• Lab-based biological effects 
testing (bioassays) 

• EPA approved species for 
monitoring effluents 

• Focus on early life-stages 
(i.e. embryo-larval) 

• Mix of species native to 
both soft-bottom and hard-
bottom habitats 

• Organisms exposed to 
multiple brine dilutions 

• One range-finder testing 
episode and two definitive 
episodes  

• Most sensitive species used 
for definitive episodes 

• Statistical analyses 
performed to identify ‘no 
observed effect levels’ 

Range-Finder 
• Bioassays 
o 7-day mysid shrimp survival & growth 
o 96-hr kelp germination & germ-tube growth 
o 72-hr purple urchin embryo development 
o 48-hr red abalone embryo development 
o 7-day topsmelt larval survival & growth 

• Dilutions: 33, 42, 51, 60 and 70 ppt 

• Bioassays 
o 96-hour mysid shrimp survival 
o 96-hour sand dab survival 
o 96-hour topsmelt survival 

• Dilutions: 33, 42, 51, 60 and 70 ppt 
 

Definitive Testing 
• Bioassays 
o 7-day mysid shrimp survival & growth 
o 72-hr purple urchin embryo development 
o 7-day topsmelt larval survival & growth 

• Dilutions 
o Purple urchin: 35, 37, 39, 41, 43 ppt 
o Episode 1 Fish: 36.5, 39, 41, 45, 50 ppt 
o Episode 1 Fish: 36.5, 39, 41, 45, 60 ppt 

• Bioassays 
o 96-hour mysid shrimp survival 
o 96-hour topsmelt survival 

• Dilutions 
o Episode 1: 36.5, 39, 41, 45 & 50 ppt 
o Episode 2: 36.5, 39, 41, 45 & 60 ppt 

 

Long-Term Mesocosm Testing 
Overview Species Exposure Levels Parameters Evaluated 

• Testing performed on-site 

• Expanded variety of 
Southern California species 

• Juvenile & adult life stages 

• 1 ambient and 1 elevated 
salinity test chambers 

• Organisms exposed to both 
salinities under flow 
through conditions 

• Three 8-week trials 

• Each trial comprised of 3 
successively higher salinity 
exposure periods in 
‘elevated salinity’ chamber 

• Mortality, behavior and 
post-exposure, sub-lethal 
parameters evaluated 

• Sand dabs 

• White sea bass 

• Rockfish (multiple species) 

• Shiner perch 

• 3-spined sticklebacks 

• Tube snouts 

• Olive snails 

• Purple urchins 

• Red abalone 

• Blue mussels 

• Bat stars 

• Sand crabs 

• Slender crabs 

• Kelp crabs 

• Trial 1 
o Ambient 
o Low salinity: 37 ppt 
o Mid salinity: 42.5 ppt 
o High salinity: 47 ppt 

• Trial 2 
o Ambient 
o Low salinity: 37 ppt 
o Mid salinity: 42.5 ppt 
o High salinity: 44.5 ppt 

• Trial 3 
o Ambient 
o Low salinity: 37 ppt 
o Mid salinity: 41 ppt 
o High salinity: 44.5 ppt 

• Mortality 

• Behavior 

• Juvenile fish growth after high 
salinity exposures  
o Sand dabs and/or 
o White sea bass 

• Shellfish embryo development 
after mid and high salinity 
exposures 
o Blue mussels or 
o Purple urchins 

• Purple urchin fertilization after mid 
salinity exposure (Trial 3 only) 

ppt: Parts salt per thousand parts water 
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salinity studies. The Phase II acute toxicity was performed with the two most sensitive 
species from Phase I: larval mysid shrimp and larval topsmelt. 
 
Results of Phase II chronic toxicity testing performed under the short-term WET component 
of the HSS Study showed that the most sensitive organism among the three test species 
most representative of the organisms indigenous to the OWDDF discharge environment 
was the mysid shrimp. The highest salinity level that resulted in no statistically significant 
effects to this species was 41 parts salt per thousand parts water (ppt). As expected, purple 
urchins, the more sensitive hard-bottom habitat species, were somewhat more susceptible 
to the chronic toxicity effects of high salinity than the mysid shrimp. The average Phase II 
no effects concentration calculated for the purple urchin was 36 ppt. The chronic toxicity 
results for the most sensitive hard-bottom and soft-bottom species are presented in Figure 
ES-1. 
 
Results of the Phase II acute toxicity testing showed that the most sensitive organism tested 
was also the mysid shrimp. The highest salinity level that resulted in no statistically 
significant acute toxicity (i.e. mortality after acute exposure) to this species was 45 ppt.  
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Long-Term Mesocosm Testing 
The objectives for the long-term mesocosm component of the HSS Study were to 
corroborate the results of the WET component of the study and further inform the overall 
assessment of potential impacts of the OWDDF brine discharge. The mesocosm 
component of the study was performed at the OWDDF in Redondo Beach, CA. A 
mesocosm (i.e. mid-scale habitat simulation) was created with a split-chamber flow-through 
aquarium of sufficient capacity (300 gallons) to house an assembly of juvenile and adult 
aquatic organisms representative of the biological community of southern California. 
Several invertebrate and vertebrate species were acquired from organism providers 
permitted by the California Department of Fish and Game. Equal numbers of each organism 
were placed on both sides of the aquarium, and exposed to filtered ambient seawater on 
one side and high salinity flows on the other. Three 8-week exposure trials were performed. 
After every two weeks, the salinity level in the high-salinity chamber was reduced to 
ambient for up to one week and then raised to a higher salinity level. This approach resulted 
in three different salinity level exposure periods within each trial: low salinity (37 ppt), mid-
level salinity (41 or 42.5 ppt), and high salinity (44.5 or 47.5 ppt). 
 
Organisms used in the mesocosm component of the HSS Study in both the ambient and 
high salinity test chambers were monitored daily throughout each exposure trial for 
mortalities and variations in behavior. In addition, sub-lethal impacts to select biological 
endpoints were also assessed at the end of the mid and high salinity exposure periods for 
each trial. The first post-exposure endpoint measured was mussel (Trial 1) or urchin (Trials 
2 and 3) embryo development. Half of the adult invertebrate mussels or urchins were 
removed after the mid salinity exposure period and used to perform the U.S. EPA chronic 
toxicity bioassay that assesses embryo fertilization and/or development (fertilization was 
only measured after the mid-salinity exposure of trial 3). Gametes and/or embryos 
harvested from adults exposed to both ambient and elevated salinities were placed in test 
vials containing either ambient seawater or water with an elevated salinity matching that in 
which the adult organisms had been exposed, and then assessed for fertilization rate and/or 
embryo development success. This procedure was then repeated after the high salinity 
exposure period for all three trials. The other sublethal endpoints assessed were weight and 
length achieved by one or two species of juvenile fish (white sea bass and speckled 
sanddabs).  
 
Results of the long-term exposure trials (Table ES-2) show that none of the vertebrate and 
invertebrate organisms exposed to the low and mid salinity levels in the elevated salinity 
chamber exhibited any behavior patterns or mortality rates different from the ambient 
seawater organisms. The urchins and abalone began showing signs of stress when 
exposed to the trial 1 high salinity level of 47.5. Most of these urchins and abalone 
ultimately perished. However, no other species showed any sign of stress throughout the 
entire 2-week high-salinity exposure period. With the high-salinity level lowered by three ppt 
in trials 2 and 3, the abalone were not visibly affected, and only three of the 15 urchins 
suffered mortality. None of the urchins were affected in trial 3.  
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Table ES-2. Long-Term Mesocosm Results Summary 

Salinity 
Exposure 

Level 

Trial 
(Salinity) 

Post-Exposure Parameters 

Mortality 
Urchin Fertilization Urchin/Mussel 

Embryo Development Fish Growth 

Low 

Trial 3 
(37 ppt) 

Not Measured Not Measured Not Measured No significant 
mortality among 10 
different species 

Trial 2 
(37 ppt) 

Not Measured Not Measured Not Measured No significant 
mortality among 12 
different species 

Trial 1 
(37 ppt) 

Not Measured Not Measured Not Measured No significant 
mortality among 9 
different species 

Mid 

Trial 3 
(41 ppt) 

No significant 
inhibition for urchin 
gametes exposed to 
41 ppt solution or 
ambient solutions 

Significant inhibition in 
urchin embryos 
exposed to 41 ppt 
solution but not 
ambient solution 

Not Measured No significant 
mortality among 10 
different species 

Trial 2 
(42.5 ppt) 

Not Measured Significant inhibition in 
urchin embryos 
exposed to ambient 
and 42.5 ppt solutions 

Not Measured No significant 
mortality among 12 
different species 

Trial 1 
(42.5 ppt) 

Not Measured Not Measured Not Measured No significant 
mortality among 9 
different species 

High 

Trial 3 
(44.5 ppt) 

Not Measured Significant inhibition in 
urchin embryos 
exposed to ambient 
and 44.5 ppt solutions 

No significant effect 
on length or weight 
measured for 1 fish 
species: white sea 
bass 

No significant 
mortality among 10 
different species 

Trial 2 
(44.5 ppt) 

Not Measured Significant inhibition in 
urchin embryos 
exposed to ambient 
and 44.5 ppt solutions 

No significant effect 
on length or weight 
measured for 2 fish 
species: sand dabs & 
white sea bass 

Slightly significant 
mortality among 1 out 
of 12 different species: 
88.5% urchin survival 

Trial 1 
(47.5 ppt) 

Not Measured Significant inhibition in 
mussel embryos 
exposed to ambient 
and 47.5 ppt solutions 

No significant effect 
on length or weight 
measured for 1 fish 
species: sand dabs 

Significant mortality 
among 2 out of 9 
different species: 
16.7% urchin survival 
57.2% abalone survival 

 

 No significant effects 

 Slightly significant effects 

 Significant effects 
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Results of the mesocosm sub-lethal endpoint evaluations show that there were no 
significant differences in weight gain or length between fish exposed to high salinity flows 
and those exposed to ambient seawater throughout all three exposure periods for all three 
trials. The post-exposure invertebrate bioassays showed that exposure of adult shellfish to 
mid or high salinity levels did not result in an increased tolerance of their embryos in 
elevated salinities. However, embryos from adult urchins exposed at 41 ppt did develop 
normally in ambient seawater. Additionally, the urchin fertilization bioassay performed after 
the trial 3 mid-salinity exposure period showed that adults first exposed to 41 ppt resulted in 
normal fertilization rates for urchin gametes exposed to both ambient and 41 ppt salinities. 
 
Summary 
The results of the HSS Study are summarized in Table 3-1. In general, the mesocosm 
component of the study demonstrated that most organisms that have matured past larval 
stages of development, especially those indigenous to the DDF discharge environment, are 
tolerant of long-term exposure to salinities at least as high as 47.5 ppt. The only exceptions 
were purple urchins and red abalone.that showed tolerance of long-term exposures as high 
as 42.5 ppt. The long-term mesocosm tolerances were greater than those observed with the 
short-term WET component of the study. The ‘no effects levels’ established by the WET 
chronic toxicity bioassays were 41 ppt for the most sensitive soft-bottom organism (mysid 
shrimp), and 36 ppt for the most sensitive hard-bottom organism (purple urchin). 
 
Long-term exposure of adult purple urchins and mussels above 41 ppt did not result in 
improved embryo-development sensitivity in elevated or ambient salinities. However, 
embryos developed normally in ambient seawater after the adults were exposed at the 41 
ppt salinity level. Additionally, the single post-exposure gamete fertilization bioassay 
performed, showed that purple urchin fertilization rates were not affected for gametes (i.e. 
pre-embryo eggs and sperm) from adults exposed to ambient or mid-salinity (41 ppt) waters 
when the gametes were subsequently exposed to ambient or 41 ppt salinities. 
 
 

Table ES-3. High Salinity Sensitivity Study Summary 

Study Component 
Observed Salinity Thresholds 

Other Significant Findings Soft-Bottom 
Organisms 

Hard-Bottom 
Organisms 

Short-Term WET  
(chronic toxicity) 41 ppt 36 ppt 

• No significant effect on urchin embryo 
development rates in ambient seawater 
when adults are first exposed to 41 ppt 
salinities. 

• Fertilization rate not effected at 41 ppt 
regardless of whether adults are previously 
exposed to this salinity. 

• Acute toxicity threshold observed with the 
WET study component = 45 ppt, which was 
observed with the mysid shrimp. 

Long-Term Mesocosm 47.5 ppt 42.5 ppt* 

* Mortality effect  
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1.0 SHORT-TERM EXPOSURE ASSESSMENT 

1.1 INTRODUCTION 
In order to characterize the impacts of high-salinity discharges to marine life residing in the 
discharge environment of its desalination facility, the West Basin Municipal Water District 
(WBMWD) initiated a two-phase Whole Effluent Toxicity (WET) screening study. Results of 
the toxicity screening study are evaluated to determine which U.S. Environmental Protection 
Agency (USEPA) authorized test organisms are most sensitive to hypersaline conditions 
under acute and chronic exposure conditions, and what salinity levels are expected to elicit 
adverse effects to these organisms. The toxicity data from the most sensitive species 
expected to reside in the discharge environment will then be factored with naturally 
occurring factors such as water depth and ocean mixing conditions, and used to determine 
an appropriate salinity threshold for the desalination facility brine discharge. 
 
In April 2011, Weston Solutions, Inc. (WESTON) performed Phase I chronic and acute 
toxicity testing with a WBMWD brine discharge sample using a select suite of USEPA 
approved test species. All toxicity testing followed USEPA approved test methods.  Phase I 
chronic toxicity tests included the 48-hour giant kelp, Macrocystis pyrifera, germination and 
germ-tube length test (USEPA, 1995); 72-hour purple sea urchin, Strongylocentrotus 
purpuratus, larval development test (USEPA, 1995); 48-hour red abalone, Haliotis 
rufescens, larval development test (USEPA, 1995); 7-day opossum shrimp, Americamysis 
bahia, survival, growth and fecundity test (USEPA, 2002a); and the 7-day topsmelt, 
Atherinops affinis, larval survival and growth test (USEPA, 1995).  Phase I acute toxicity 
tests included the 96-hr speckled sand dab, Citharichthys stigmaeus, acute survival test 
(USEPA, 2002); and the 96-hr topsmelt, Atherinops affinis, acute survival test (USEPA, 
2002). The results of Phase I bioassay testing were evaluated to select species for Phase II 
confirmation testing. 
 
Beginning in August 2011, WESTON performed Phase II testing with WBMWD effluent 
using the three Phase I species representative of the three different trophic levels (plant, 
invertebrate, and vertebrate) most likely to reside in the WBMWD discharge environment.  
These bioassays included the 48-hour Macrocystis pyrifera test, the 7-day Americamysis 
bahia test, and the 7-day Atherinops affinis test. Due to the significant amount of testing 
performed by other agencies and researchers using the purple urchin, WBMWD decided to 
also include the 72-hour Strongylocentrotus purpuratus test during Phase II testing. Again, 
all toxicity testing followed USEPA approved test methods. Phase II acute toxicity testing 
included bioassays performed with the two most sensitive Phase I species: the 96-hr 
speckled sand dab, Citharichthys stigmaeus test; and the 96-hr topsmelt, Atherinops affinis 
test.  The results of all Phase I and Phase II testing are presented and discussed herein. 
 
To determine whether consistent patterns of chronic or acute toxicity exists among the 
species selected from Phase I, Phase II included two consecutive test episodes using the 
test methods described above. If evaluation of the data generated from both phases 
indicates a consistent sensitivity hierarchy among the four methods, the most sensitive will 
be selected as the WBMWD chronic toxicity endpoint to be used with hydrographic 
modeling measures to determine the potential for adverse impacts within the brine 
discharge environment. 
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Phase I toxicity testing was performed using samples collected on February 7 and February 
11, 2011.  Phase II, Episode 1 was performed using samples collected on August 3 and 
August 5, 2011.  Phase II, Episode 2 was performed using a sample collected on 
September 22, 2011. Laboratory benchsheets from the short-term exposure assessment 
are provided in Appendix A. 
 
This study was conducted by WESTON at the Bioassay Laboratory in Carlsbad, California 
under the management of Dr. David Moore, Ph.D. 
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1.2 METHODS 
1.2.1 TEST PROTOCOLS 
The five chronic toxicity test methods are listed below: 

• The 7-day A. bahia survival and growth test was performed in accordance with Short-
term Methods for Estimating the Chronic Toxicity of Effluents and Receiving Water to 
Marine and Estuarine Organisms, Third Edition (USEPA, 2002a); 

• The 48-hour M. pyrifera germination and germ-tube length test was performed in 
accordance with Short-Term Methods for Estimating the Chronic Toxicity of Effluents 
and Receiving Waters to West Coast Marine and Estuarine Organisms, First Edition 
(USEPA, 1995); 

• The 72-hour S. purpuratus larval development test was performed in accordance with 
Short-Term Methods for Estimating the Chronic Toxicity of Effluents and Receiving 
Waters to West Coast Marine and Estuarine Organisms, First Edition (USEPA, 1995); 

• The 48-hour H. rufescens larval development test was performed in accordance with 
Short-Term Methods for Estimating the Chronic Toxicity of Effluents and Receiving 
Waters to West Coast Marine and Estuarine Organisms, First Edition (USEPA, 1995); 

• The 7-day A. affinis larval survival and growth test was performed in accordance with 
Short-Term Methods for Estimating the Chronic Toxicity of Effluents and Receiving 
Waters to West Coast Marine and Estuarine Organisms, First Edition (USEPA, 1995). 

The three 96-hour acute toxicity test methods using C. stigmaeus, A. affinis and A. bahia 
were all performed in accordance with Methods for Measuring the Acute Toxicity of 
Effluents and Receiving Waters to Freshwater and Marine Organisms, Fifth Edition 
(USEPA, 2002). 
 
1.2.2 TEST SOLUTION PREPARATION 
1.2.2.1 Sample Receipt 
Brine discharge samples were collected by WBMWD personnel and delivered on ice (0 – 
6°C) under chain-of-custody to the WESTON bioassay laboratory. Standard water quality 
measurements (i.e. dissolved oxygen [DO], temperature, pH, salinity, total ammonia, and 
total chlorine) were taken upon sample arrival. Phase I bioassay testing was staggered with 
testing initiated on February 8, February 11, March 2, and April 1, 2011.  Upon receipt, all 
samples used for Phase I testing met recommended initial water quality objectives for DO 
and pH. Temperatures exceeded the recommended values (0 – 6°C) by 5.9 – 6.4°C. Phase 
II, Episode 1 bioassays were also staggered; testing was initiated on August 4, August 10, 
August 15, and August 23, 2011.  Upon receipt, all samples required for Episode 1 of Phase 
II testing met recommended initial water quality objectives for DO and pH. Temperatures 
slightly exceeded recommended values (0 – 6°C) by 0.1 – 7.6°C.  Phase II, Episode 2 
bioassays were staggered as well; testing was initiated on September 27, October 4-5, and 
October 19, 2011.  Upon receipt, all samples required for Episode 2 of Phase II testing met 
recommended initial water quality objectives for DO and pH. Temperatures exceeded the 
recommended values by 5.1 – 8.8°C.  Copies of chain-of-custody forms, organism receipt 
forms, and sample receipt forms summarizing initial water quality measurements are 
provided in Appendix C. 
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1.2.2.2 Test Dilutions 
For all toxicity testing, organisms were exposed to a series of dilutions created by blending 
the stock WBMWD brine discharge solution with dilution water. The dilution water was 
filtered, UV-treated seawater collected from the Scripps Institute of Oceanography. The 
dilution series selected for Phase I testing was chosen to determine the range of biological 
effects and, therefore, included ambient seawater and straight 70 parts per thousand (ppt) 
brine discharge. The three dilutions in between were evenly spaced so that organisms were 
exposed to a laboratory control treatment (Scripps seawater) and five brine effluent 
dilutions: 33, 42, 51, 60, 70 ppt.  During Phase II Episode 1 testing, exposures were 
modified to attain greater statistical certainty around the toxic thresholds. The more 
sensitive purple urchin was exposed to lower salinity dilutions (35, 37, 39, 41 and 43 ppt) 
while the other three Phase II chronic toxicity and the two acute toxicity test organisms were 
exposed to dilutions ranging somewhat higher (36.5, 39, 41, 45, 50 ppt). The test organisms 
exhibited higher tolerance in Phase II, Episode I. Thus during Phase II, Episode 2 testing, 
the highest dilution was increased to 60 ppt. All other dilutions, including all purple urchin 
dilutions, remained the same.  
 
1.2.3 SUMMARY OF CHRONIC BIOASSAY TEST PROCEDURES 
1.2.3.1 Americamysis bahia Test 
Seven-day old mysid shrimp were obtained from Aquatic BioSystems, Fort Collins, CO.  
Prior to test initiation, mysids were received and acclimated to test temperature of (26 ± 
1°C) and dilution water salinity.  The test was run with eight replicates of 400 milliliter (mL) 
plastic containers containing 150 mL of test solution and five mysids per container under a 
16-hour light: 8-hour dark photoperiod.  Eighty percent of the test solution was replaced 
each day of the test.  The mysids were fed a concentrated Artemia suspension (~750 
nauplii) two times daily.  Daily temperature, DO, pH, and salinity were measured for final 
(previous day) and initial (renewal) solutions.  Mortality and behavior were recorded daily.  
Upon test termination, surviving mysids in the control treatment were evaluated for 
fecundity. If ≥50% of surviving control female mysids were found to be fecund, all replicates 
were evaluated for this endpoint.  Mysids were then dried at 100°C in an oven for at least 6 
hours and weighed to determine average weight. Test conditions for the A. bahia survival 
and growth test are summarized in Table 1-1. 
 
Test Acceptability Criteria 
The criteria used to determine test acceptability were the following: 

1. Control survival to equal or exceed 80%, 

2. Average control dry weight of at least 0.20 mg per mysid. 
 
1.2.3.2 Macrocystis pyrifera Test 
Kelp was obtained from Dave Gutoff of San Diego, CA.  Approximately 30 blades were 
rinsed in seawater and placed in 1 L of 0.2 µm filtered Scripps seawater until the water 
turned slightly cloudy, indicating the presence of zoospores.  Spores were viewed under a 
microscope to verify motility and to determine zoospore density.  Plastic petri dishes (60 
mL) containing a one glass microscope slide and 40 mL of test solution were randomly 
placed in a temperature controlled room at 15 ± 1°C.  A quantity of 7,500 spores per mL 



West Basin Municipal Water District High-Salinity Sensitivity Study: 
 Short-and Long-Term Exposure Assessments 

 

Weston Solutions, Inc. 5 
 

was added to each test container.  After 48 hours, the slides were removed and examined 
by a light microscope.  At the end of the test, a minimum of 100 spores per replicate were 
counted and scored as germinated or not germinated to determine the percent germination.  
Ten of the germinated spores were used to determine growth by measuring germination-
tube lengths. Test conditions for the M. pyrifera proportion germinated and germination tube 
growth-length test are summarized in Table 1-1. 
 
Test Acceptability Criteria 
The criteria used to determine test acceptability were the following: 

1. Mean control germination of at least 70%, 

2. Mean germination-tube length in control of at least 10 µm, 

3. Reference toxicant no-observed-effect concentration (NOEC) must be less than 110 
µg/L for germination and less than 35 µg/L for growth, 

4. The analysis of variance (ANOVA) Mean Square Error in the reference toxicant test 
must not exceed 70% for the germination endpoint and 12 um for the growth 
endpoint. 

 

1.2.3.3 Atherinops affinis Test 
Test animals were supplied by Aquatic BioSystems, Fort Collins, CO. Prior to test initiation, 
animals were received and acclimated to test temperature and dilution water salinity.  The 
test was run at 20 ± 1°C with five replicates of 600 mL plastic containers containing 200 mL 
of test solution. Five larvae were added to each test chamber under a 16-hour light: 8-hour 
dark photoperiod.  Renewals were performed daily and test organisms were fed a 
concentrated Artemia suspension (~200 nauplii) twice daily.  DO, temperature, salinity, and 
pH were measured daily.  All instruments used by WESTON were calibrated daily and 
calibration curves were documented in equipment calibration logs.  Upon test termination, 
survival counts were performed and the EC50 for survival was calculated.  Topsmelt larvae 
were then dried at 100°C in an oven for a minimum of 6 hours and weighed to determine 
the mean weight.  Test conditions for the A. affinis survival and growth test are summarized 
in Table 1-1. 
 
Test Acceptability Criteria 
The criteria used to determine test acceptability were the following: 

1. Control survival to equal or exceed 80%, 

2. Mean weight per larva must exceed 0.85 mg in the reference and brine controls, 

3. The LC50 must be within two standard deviations of the laboratory control chart 
mean, 

4. Minimum significant difference (%MSD) of less than 25% relative to the control for 
survival for the reference toxicant test, and less than 50% relative to the control for 
growth for the reference toxicant test. 
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1.2.3.4 Strongylocentrotus purpuratus Test 
Adult test animals were supplied by Dave Gutoff of San Diego, CA. Sea urchins were 
acclimated to dilution water salinity at a rate not exceeding 1 ppt per hour.  Spawning was 
attempted using urchins from salinities containing surviving adults, and echinoderm 
development tests were conducted using animals from salinities with successful spawns.  
Observations during acclimation and spawning were recorded.  To initiate the echinoderm 
development test, fertilized sea urchin eggs from salinities with successful spawns were 
allowed to begin dividing.  Approximately 300 larvae were targeted for addition to each test 
chamber.  The test was run for 96 hours in pre-cleaned 20 mL glass scintillation vials under 
ambient light with a 16-hour light: 8-hour dark photoperiod.  DO, salinity, and hydrogen ion 
concentration (pH) were measured at test initiation and termination; temperature was 
monitored daily.  All instruments used by WESTON were calibrated daily and calibration 
curves were documented in equipment calibration logs.  At 48 hours, half the replicates 
from each salinity were preserved for counts.  At 96 hours, larvae in the remaining half of 
the replicates from each salinity were preserved.  After counts were performed, statistics 
were run and the median effects concentration (EC50) for survival and normality were 
calculated.  Test conditions for the S. purpuratus proportion alive and proportion normal test 
are summarized in Table 1-1. 
 
Test Acceptability Criteria 
The criteria used to determine test acceptability were the following: 

1. Larval normality to equal or exceed 80% in the controls, 

2. Minimum significant difference (%MSD) is less than or equal to 20% relative to the 
controls. 

 

1.2.3.5 Haliotis rufescens Test 
Test animals were supplied by The Cultured Abalone, Goleta, CA. Adult animals were 
allowed to acclimate to test conditions for approximately 24 to 48 hours prior to test initiation 
to minimize stress-related spawning difficulties.  Abalone eggs were fertilized and allowed to 
begin dividing, and the test was run at 15 ± 1°C for 48 hours in 600 mL containers 
containing 200 mL test solution in five separate replicates. Approximately 5 to 10 larvae per 
mL test solution were targeted for addition to each test chamber.  Testing occurred under 
ambient laboratory light with a 16-hour light: 8-hour dark photoperiod.  DO, salinity, and pH 
were measured at test initiation and termination, and temperature was monitored 
constantly.  At 48 hours, larvae were preserved to be counted at a later date.  After counts 
were performed, statistics were run and the median effective concentration (EC50) for 
normality was calculated.  Test conditions for the H. rufescens development test are 
summarized in Table 1-1. 
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Test Acceptability Criteria 
The criteria used to determine test acceptability were the following: 

1. Mean larval normality to equal or exceed 80% in the controls, 

2. Response from 56 µg/L zinc treatment must be significantly different from the control 
response, 

3. Minimum significant difference (%MSD) is less than or equal to 20% relative to the 
control for the reference toxicant. 

 
1.2.4 SUMMARY OF ACUTE BIOASSAY TEST PROCEDURES 
1.2.4.1 A. affinis Test 
Test animals were supplied by Aquatic BioSystems, Fort Collins, CO.  Prior to test initiation, 
animals were received and acclimated to test temperature and dilution water salinity.  Five 
organisms were added to each test chamber and exposed to 200 mL of test solution in five 
replicates.  The test was run for 96 hours at 20 ± 1°C in 250 mL plastic containers under 
ambient light with a 16-hour light: 8-hour dark photoperiod.  Renewals were performed daily 
and test organisms were fed newly hatched Artemia (~100 nauplii) once daily prior to 
renewal. DO, temperature, salinity, and pH were measured daily.  All instruments used by 
WESTON were calibrated daily and calibration curves were documented in equipment 
calibration logs.  At 96 hours, mortality counts were performed and statistics were run in 
which the EC50 for survival was calculated.  Test conditions for the A. affinis acute survival 
test are summarized in Table 1-2. 
 
Test Acceptability Criteria 
The criteria used to determine test acceptability were the following: 

1. Control survival to equal or exceed 90%. 

 

1.2.4.2 Citharichthys stigmaeus Test 
Test animals were supplied by John Brezina, Dillon Beach, CA.  Prior to test initiation, 
mysids were received and acclimated to test temperature and dilution water salinity.  Ten 
organisms were added to each test chamber in four replicates.  The test was run for 96 
hours in 250 mL plastic containers containing 200 mL test solution under ambient light with 
a 16-hour light: 8-hour dark photoperiod.  Test temperature was maintained at 12 ± 1°C 
throughout testing.  Renewals were performed daily and test organisms were fed newly 
hatched Artemia (~100 nauplii) once daily prior to renewal. DO, temperature, salinity, and 
pH were measured daily.  All instruments used by WESTON were calibrated daily and 
calibration curves were documented in equipment calibration logs.  At 96 hours, mortality 
counts were performed and statistics were run in which the EC50 for survival was 
calculated.  Test conditions for the C. stigmaeus acute survival test are summarized in 
Table 1-2. 
 
Test Acceptability Criteria 
The criteria used to determine test acceptability were the following: 

1. Control survival to equal or exceed 90%. 
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1.2.4.3 A. bahia Test 
Mysid shrimp were obtained from Aquatic BioSystems, Fort Collins, CO.  Prior to test 
initiation, mysids were received and acclimated to test temperature of (25 ± 1°C) and 
dilution water salinity.  The test was run with eight replicates of 250 mL plastic containers 
containing 200 mL of test solution and five mysids per container under a 16-hour light: 8-
hour dark photoperiod.  Eighty percent of the test solution was replaced each day of the 
test.  The mysids were fed 0.2 mL of a concentrated newly-hatched Artemia suspension 
(~500 nauplii) once daily.  Daily temperature, DO, pH, and salinity were measured for final 
(previous day) and initial (renewal) solutions.  Mortality and behavior were recorded daily. 
Test conditions for the A. bahia acute survival test are summarized in Table 1-2. 
 
Test Acceptability Criteria 
The criteria used to determine test acceptability were the following: 

1. Control survival to equal or exceed 90%. 
 

1.2.5 STATISTICAL ANALYSIS 
At the conclusion of all tests, test species data were evaluated statistically using ToxCalc™ 
to determine ECp, NOEC, and Chronic Toxicity Unit (TUC) values where appropriate. 
ToxCalc™ is a comprehensive statistical application that follows standard guidelines for 
acute and chronic toxicity data analysis. 
 
Statistical effects can be measured by the ECp, the estimated concentration that causes 
any effect, either lethal (LC) or sublethal (IC), on p% of the test population.  The LC50 or 
LC25 is the point estimate of the concentration at which a lethal effect is observed in 50 or 
25% of the test organisms.  The IC50 or IC25 values are calculated with chronic toxicity 
bioassays and are point estimates of the concentration at which an inhibitory effect in a 
sublethal parameter (i.e. growth, reproduction) is observed in 50 or 25% of the organisms.  
In the case of high salinity testing, the concentration refers to salinity and not percent 
dilution. ECp values include 95% confidence limits where available.  
 
The NOEC is the highest tested concentration at which mortality and other sublethal 
measured effects are not significantly different from the same parameters in the control.  
TUC values are defined as 100%/EC25 or 100%/NOEC, when an EC25 is not calculable. 
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1.3 RESULTS 
1.3.1 PHASE I: SAMPLES COLLECTED FEBRUARY 7 & FEBRUARY 11, 2011 
Procedure and organism data for A. bahia, M. pyrifera, S. purpuratus, H. rufescens, A. 
affinis and C. stigmaeus tests performed during Episode 1 are summarized in Table 1-1 and 
Table 1-2.  Copies of Phase I laboratory benchsheets are provided in Appendix A. 
 
1.3.1.1 A. bahia Chronic and Acute Bioassays 
Water Quality and Test Acceptability Criteria 
For the duration of testing, all water quality parameters were within acceptable limits. All test 
acceptability criteria were met. Salinity study toxicity test results are presented in Table 1-3 
and reference toxicant test results are presented in Table 1-4.  Acute toxicity test results are 
presented in Table 1-5. 
 
Survival 
The average 7-day survival rates of A. bahia in the laboratory control treatments was 
97.5%.  Mean survival rates in the 33, 42, 51, 60, and 70 ppt concentrations were 97.5, 
87.5, 0.0, 0.0, and 0.0%, respectively.  Statistically significant effects on A. bahia survival 
were observed in the 51, 60, and 70 ppt dilutions.  Consequently, the NOEC for survival 
was 42 ppt.  The LC50 value was 45.3 ppt, and the survival TUC (100% / NOEC) was 2.38. 
 
Biomass 
The mean dry weight of the laboratory control mysids was 0.35 mg. Mean biomass values 
in the 33, 42, 51, 60, and 70 ppt concentrations were 0.38, 0.34, 0.0, 0.0, and 0.0 mg, 
respectively. Statistically significant effects on A. bahia growth were observed in the 51, 60, 
and 70 ppt dilutions.  Consequently, the biomass NOEC was 42 ppt.  The IC25 and IC50 
values were 43.8 ppt and 46.2 ppt, respectively. The TUC (100% / IC25) for the growth 
endpoint was 2.29. 
 
Acute Survival 
The average 96-hour survival rate for the laboratory control treatment was 100%.  Mean 
survival rates in the 33, 42, 51, 60, 70 ppt concentrations were 100, 92.5, 0.0, 0.0, and 
0.0%, respectively.  A statistically significant effect on survival was seen in the 51 ppt 
treatment relative to the laboratory control.  Consequently, the NOEC for survival was 42 
ppt. The EC50 value was 45.5 ppt, and the TUA (100% / NOEC) for the acute survival 
endpoint was 2.38. 
 
Reference Toxicant Test (Copper Sulfate) 
The reference toxicant test produced a LC50 value of 147.1 ppb CuSO4.  This value is 
within two standard deviations of the laboratory mean (251.1 ± 117.8 ppb CuSO4), 
indicating normal sensitivity of the test organisms for survival.  The IC50 for biomass was 
156.4 ppb CuSO4.  This value is within two standard deviations of the laboratory mean 
(229.7 ± 130.6 ppb CuSO4), indicating normal sensitivity for growth. 
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Table 1-1. Phase I Chronic Bioassays: Procedure and Organism Data 

Parameter 
Test Species 

Americamysis 
bahia 

Macrocystis 
pyrifera 

Strongylocentrotus 
purpuratus 

Sample Properties 

Dates Sampled February 7 & February 11, 
2011 February 7 & February 11, 2011 February 7 & February 11, 

2011 

Dates Received  February 9 & February 11, 
2011 February 9 & February 11, 2011 February 9 & February 11, 

2011 
Volume Received ~ 20 L per sample (80 L total) ~ 20 L per sample (80 L total) ~ 20 L per sample (80 L total) 

Storage Conditions  4°C, dark 4°C, dark 4°C, dark 

Test Species Information 

Supplier Aquatic BioSystems,  
Fort Collins, CO 

Dave Gutoff, 
San Diego, CA 

Dave Gutoff, 
San Diego, CA 

Date Acquired February 8, 2011 February 8, 2011 February 16, 2011 

Acquired Temperature 18.6oC N/A N/A 

Age Group 7 days old Mature Embryos 

Test Procedures 
Type/Duration Chronic/Renewal; 7 days Chronic/Static; 48 hours Chronic/Static; 96 hours 

Test Dates February 8 - 15, 2011  February 8 - 10, 2011 February 16 - 20, 2011 

Control/Dilution H2O 
Filtered, UV-treated seawater 
from Scripps Institute of 
Oceanography, La Jolla, CA 

Filtered, UV-treated seawater 
from Scripps Institute of 
Oceanography, La Jolla, CA 

Filtered, UV-treated seawater 
from Scripps Institute of 
Oceanography, La Jolla, CA 

Temperature 
(recommended/actual) 26 ± 1°C / 24.5 – 27.2°C 15 ± 1°C / 14.5 – 16.0°C 15 ± 1°C / 15.4 - 16.1°C 

Photoperiod 16-hour light: 8-hour dark 16-hour light: 8-hour dark Ambient laboratory 

Salinity 
(recommended/actual) 20 – 30 ± 2 ppt /  NA 34 ± 2 ppt /  NA 30 ± 2 ppt /  NA 

Test Chamber 400 mL containers 60 mL petri dish 20 mL scintillation vial 

Exposure Volume 150 mL 40 mL 5 mL 

Animals/Replicate 5 7500 spores / mL 2000 eggs, 5 x 106 sperm 

Replicates/Treatment 8 5 4 

Feeding Newly hatched Artemia nauplii 
(~750 nauplii, twice daily) None None 

Deviations From 
Protocol None None None 
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Table 1-1. Phase I Chronic Bioassays: Procedure and Organism Data (Continued) 

Parameter 
Test Species 

Haliotis  
rufescens 

Atherinops  
affinis 

Sample Properties 

Dates Sampled February 7 & February 11, 2011 February 7 & February 11, 2011 

Dates Received  February 9 & February 11, 2011 February 9 & February 11, 2011 

Volume Received ~ 20 L per sample (80 L total) ~ 20 L per sample (80 L total) 

Storage Conditions  4°C, dark 4°C, dark 

Test Species Information 

Supplier The Cultured Abalone, 
Goleta, CA 

Aquatic BioSystems,  
Fort Collins, CO 

Date Acquired March 1, 2011 March 30, 2011 

Acquired Temperature N/A 18.4 – 18.7°C 

Age Group Embryos 13 days old 

Test Procedures 

Type/Duration Chronic/Static; 48 hours Chronic/Renewal; 7 days 

Test Dates March 2 - 4, 2011  April 1 - 8, 2011 

Control/Dilution H2O 
Filtered, UV-treated seawater from 
Scripps Institute of Oceanography, La 
Jolla, CA 

Filtered, UV-treated seawater from 
Scripps Institute of Oceanography, La 
Jolla, CA 

Temperature 
(recommended/actual) 15 ± 1°C / 14.5 – 16.0°C 20 ± 1°C / 18.7 – 20.6°C 

Photoperiod 16-hour light: 8-hour dark 16-hour light: 8-hour dark 

Salinity (recommended/actual) 34 ± 2 ppt /  NA 32 ± 2 ppt /  NA 

Test Chamber 600 mL containers 600 mL containers 

Exposure Volume 200 mL 200 mL 

Animals/Replicate 5 – 10 larvae / mL 5 

Replicates/Treatment 5 5 

Feeding None Newly hatched Artemia nauplii (~200 
nauplii, twice daily) 

Deviations From Protocol None None 
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Table 1-2. Phase I Acute Bioassays: Procedure and Organism Data 

Parameter 
Test Species 

Atherinops  
affinis 

Citharichthys  
stigmaeus 

Americamysis  
bahia 

Sample Properties 

Dates Sampled February 7 & February 11, 
2011 

February 7 & February 11, 
2011 

February 7 & February 11, 
2011 

Dates Received February 9 & February 11, 
2011 

February 9 & February 11, 
2011 

February 9 & February 11, 
2011 

Volume Received ~ 20 L per sample (80 L total) ~ 20 L per sample (80 L total) ~ 20 L per sample (80 L total) 

Storage Conditions 4°C, dark 4°C, dark 4°C, dark 

Test Species Information 

Supplier Aquatic BioSystems,  
Fort Collins, CO 

John Brezina,  
Dillon Beach, CA 

Aquatic BioSystems,  
Fort Collins, CO 

Date Acquired March 30, 2011 February 9, 2011 February 8, 2011 

Acquired Temperature 18.4 – 18.7°C 12.3°C 18.6oC 

Age Group 13 days old Juvenile 7 days old 

Test Procedures 
Type/Duration Acute/Renewal; 96 hours Acute/Renewal; 96 hours Acute/Renewal; 96 hours 
Test Dates April 1 - 5, 2011  February10 -14, 2011 February 8 -12, 2011  

Control/Dilution H2O 
Filtered, UV-treated seawater 
from Scripps Institute of 
Oceanography, La Jolla, CA 

Filtered, UV-treated seawater 
from Scripps Institute of 
Oceanography, La Jolla, CA 

Filtered, UV-treated seawater 
from Scripps Institute of 
Oceanography, La Jolla, CA 

Temperature 
(recommended/actual) 20 ± 1°C / 18.7 – 20.6°C 12 ± 1°C / 10.6 – 13.3°C 26 ± 1°C / 24.5 – 27.2°C 

Photoperiod 16-hour light: 8-hour dark 16-hour light: 8-hour dark 16-hour light: 8-hour dark 
Salinity 
(recommended/actual) 10 – 30 ppt /  NA 32 – 34 ppt /  NA 5 – 30 ± 1 ppt /  NA 

Test Chamber 250 mL containers 250 mL containers 250 mL containers 

Exposure Volume 200 mL 200 mL 200 mL 

Animals/Replicate 5 10 5 

Replicates/Treatment 5 4 8 

Feeding 
Newly hatched Artemia nauplii 
(~100 nauplii, once prior to 
renewal) 

Newly hatched Artemia nauplii 
(~100 nauplii, once prior to 
renewal) 

Newly hatched Artemia nauplii 
(~100 nauplii, daily) 

Deviations From 
Protocol None None None 
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Table 1-3. Phase I Test Results: 7-day Chronic Toxicity Bioassay 
 using Americamysis bahia 

 

 
 

 

 
 

Sample Information Test Parameters 
Sample Collected:                                         February 7 & February 11, 2011 Concentrations (ppt): 33, 42, 51, 60, 70
Sample Received:                                            February 9 & February 11, 2011    Species Common Name: Mysid shrimp
Test Dates: February 8 - 15, 2011 Test Endpoints: Survival, Growth

Test Protocol: EPA/821/R-02/014

SURVIVAL ENDPOINT

(Mean ± SD) 1 2 3 4 5 6 7 8
70 0.0 ± 0.0 0 0 0 0 0 0 0 0
60 0.0 ± 0.0 0 0 0 0 0 0 0 0
51 0.0 ± 0.0 0 0 0 0 0 0 0 0
42 87.5 ± 14.9 60 100 100 80 100 100 80 80
33 97.5 ± 7.1 100 100 100 100 100 80 100 100

Lab Control 97.5 ± 7.1 100 100 100 100 100 100 80 100

(ppt)
Concentration % Survival in Replicates

Parameter Saline Concentration (ppt)
LC25 43.5
LC50 45.3

NOEC 42
LOEC 51

TUC (100/LC25) 2.30

BIOMASS ENDPOINT
Concentration (ppt) Mean Weight (mg)

70 0.00
60 0.00
51 0.00
42 0.34
33 0.38

Laboratory Control 0.35

Parameter
IC15 42.8
IC25 43.8
IC40 45.2
IC50 46.2

NOEC 42
LOEC 51

TUC (100/IC25) 2.29

Salinity (ppt)

Statistical Summary

Statistical Summary
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Table 1-4. Phase I Reference Toxicant Test Results for the 7-day Chronic Toxicity 
Bioassay using A. bahia 

 

 

 

 

Sample Information Test Parameters 
Sample Collected: February 7 & February 11, 2011 Concentrations (ppb): 62.5, 125, 250, 500, 1000
Sample Received: February 9 & February 11, 2011 Species Common Name: Mysid shrimp
Test Dates: February 8 - 15, 2011 Test Protocol: EPA/821/R-02/014

SURVIVAL ENDPOINT
Concentration Percent Survival % Survival in Replicates
(ppb CuSO4) (Mean ± SD) 1 2 3 4 5 6 7 8

1000 2.5 ± 7.1 0 0 20 0 0 0 0 0
500 0.0 ± 0.0 0 0 0 0 0 0 0 0
250 2.5 ± 7.1 0 0 0 20 0 0 0 0
125 72.5 ± 26.0 20 60 80 80 100 80 60 100
62.5 100.0 ± 0.0 100 100 100 100 100 100 100 100

Control 100.0 ± 0.0 100 100 100 100 100 100 100 100

Parameter
LC25 122.7
LC50 147.1

NOEC 62.5
LOEC 125

BIOMASS ENDPOINT
Concentration (ppb 

CuSO4)
Mean Weight (mg)

1000 0.00
500 0.00
250 0.03
125 0.26
62.5 0.43

Control 0.38

IC15 88.9
IC25 106.4
IC40 134.6
IC50 156.4

NOEC 62.5
125LOEC

Concentration (ppb CuSO4)

Parameter Concentration (ppb CuSO4)
Statistical Summary

Statistical Summary
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Table 1-5. Phase I Test Results: 96-hr Acute Toxicity Bioassay using 
 A. bahia 

 

 

 

Sample Information   Test Parameters:
Sample Collected: February 7 & February 11, 2011 Concentrations (ppt): 33, 42, 51, 60, 70
Sample Received: February 9 & February 11, 2011 Common Name: Mysid shrimp
Test Dates: February 8 - 12, 2011 Test Endpoints: Acute survival

Test Protocol: EPA/600/R-95/136

Proportion Alive
1 2 3 4 5 6 7 8

70 0.0 ± 0.0 0 0 0 0 0 0 0 0
60 0.0 ± 0.0 0 0 0 0 0 0 0 0
51 0.0 ± 0.0 0 0 0 0 0 0 0 0
42 92.5 ± 10.4 80 100 100 80 100 100 80 100
33 100.0 ± 0.0 100 100 100 100 100 100 100 100

Laboratory Control 100.0 ± 0.0 100 100 100 100 100 100 100 100

EC25

EC50

NOEC
LOEC

TUC (100/NOEC)
51

2.38

SURVIVAL ENDPOINT
Saline Concentration Proportion Alive in Replicates

(ppt) (Mean ± SD)

Statistical Summary
Parameter Saline Concentration (ppt)

--
45.5
42
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1.3.1.2 M. pyrifera Chronic Bioassay 
Water Quality and Test Acceptability Criteria 
All water quality parameters were within test acceptability limits throughout the test, and all 
test acceptability criteria were met. Salinity toxicity test results are presented in Table 1-6 
and reference toxicant test results are presented in Table 1-7. 
 
Proportion Germinated 
The mean proportion germinated in the laboratory control treatment was 89.6%.  The mean 
proportions that germinated in the 33, 42, 51, 60 and 70 ppt concentrations were 90.8, 83.8, 
73.0, 21.6, and 0.0%, respectively.  Statistically significant effects on M. pyrifera 
germination were observed in the 51, 60, and 70 ppt concentrations relative to the 
laboratory control.  Consequently, the NOEC for the proportion germinated endpoint was 42 
ppt.  The LC25 and LC50 values were 51.9 ppt and 54.7 ppt, respectively. The TUC (100% / 
EC25) for the proportion germinated endpoint was 1.93. 
 
Growth-Length 
The mean germination tube length for the laboratory control was 13.0 µm. The mean 
germination tube length values in the 33, 42, 51, 60, and 70 ppt concentrations were 13.1, 
12.7, 9.0, 5.6 and 0.0 µm, respectively. Statistically significant effects were observed in the 
51, 60, and 70 ppt concentrations when compared to the laboratory control.  Consequently, 
the growth NOEC was 42 ppt.  The IC25 and IC50 values were 49.1 ppt and 57.5 ppt, 
respectively. The TUC (100% / IC25) for the growth endpoint was 2.04. 
 
Reference Toxicant Test (Copper Chloride) 
The M. pyrifera reference toxicant test produced an EC50 value of 102.1 ppb CuCl2 for the 
proportion germinated endpoint.  This value is within two standard deviations of the 
laboratory mean (96.7 ± 78.6 ppb CuCl2), indicating normal sensitivity of the test organisms 
based on germination.  The EC50 for the germination tube length endpoint was 166.8 ppb 
CuCl2.  This value is also within two standard deviations of the laboratory mean (217.0 ± 
349.9 ppb CuCl2), indicating normal sensitivity for growth.   
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Table 1-6. Phase I High Salinity Test Results for the 48-hr Chronic Toxicity Bioassay 
using Macrocystis pyrifera 

 

 
 

 

 

Sample Information:      Test Parameters:
Sample Collected: February 7 & February 11, 2011      Concentrations (ppt): 33, 42, 51, 60, 70
Sample Received: February 9 & February 11, 2011      Common Name: Giant kelp
Test Dates: February 8 -10, 2011      Test Endpoints: Germination, Growth

     Test Protocol: EPA/600/R-95/136

Concentration Prop. Germinated Proportion Germinated in Replicates
(ppt) (Mean ± SD) 1 2 3 4 5
70 0.0 ± 0.0 0 0 0 0 0
60 21.6 ± 5.3 27 25 17 24 15
51 73.0 ± 3.2 75 77 71 69 73
42 83.8 ± 6.1 85 88 87 86 73
33 90.8 ± 2.9 86 92 93 93 90

Control 89.6 ± 2.9 89 88 92 93 86

Parameter Saline Concentration (ppt)
EC25

EC50

NOEC
LOEC

TUC (100/EC25)

54.7
42
51

1.93

PROPORTION GERMINATED

Statistical Summary

51.9

Concentration (ppt) Mean Length (µg)
0.00
5.55
9.00
12.70
13.05
13.00

Saline Concentration (ppt)
46.0
49.1
54.1
57.5
42
51

2.04

Parameter

TUC (100/IC25)

IC15

IC25

IC40

IC50

NOEC
LOEC

60
51
42
33

Control
 Statistical Summary

GERM TUBE GROWTH-LENGTH

70
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Table 1-7. Phase I Reference Toxicant Test Results 48-hr Chronic Toxicity Bioassay 
using M. pyrifera 

 
 

  

  

Sample Information Test Parameters
Sample Collected: February 7 & February 11, 2011 Concentration (ppb): 5.6, 10, 18, 32, 100, 180
Sample Received: February 9 & February 11, 2011 Common Name: Giant kelp
Test Dates: February 8 -10, 2011 Test Endpoints: Germination, Growth

Test Protocol: EPA/600/R-95/136

PROPORTION GERMINATED
Concentration Proportion Germinated in Replicates
(ppb CuCl2) (Mean ± SD) 1 2 3 4 5

180 22.4 ± 9.5 19 20 15 19 39
100 44.0 ± 4.3 44 38 49 47 42
32 79.0 ± 3.1 79 84 77 79 76
18 86.4 ± 2.2 87 86 83 89 87
10 84.8 ± 2.7 83 87 86 81 87
6 85.2 ± 3.3 84 82 83 90 87

Control 89.6 ± 2.9 89 88 92 93 86

Parameter Concentration (ppb CuCl2)
EC25

EC50

NOEC
LOEC

TUC (100/EC25)

18
32

1.75

102.1
57.1

Statistical Summary

Concentration (ppb) Mean Length (µg)
6.55
7.80
11.50
12.50
12.30
13.20
13.00

Concentration (ppb CuCl2)
37.1
62.8
115.5
166.8

18
32

1.59
LOEC

TUC (100/EC25)

Parameter
EC15

EC25

EC40

EC50

NOEC

32
18
10
6

Control
 Statistical Summary

GERM TUBE GROWTH-LENGTH

180
100
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1.3.1.3 S. purpuratus Chronic Bioassay 
Water Quality and Test Acceptability Criteria 
All water quality parameters were within acceptable limits throughout the 96-hour test 
duration. Upon test termination, the laboratory control met the criteria for test acceptability. 
Salinity toxicity test results are presented in Table 1-8 and reference toxicant test results are 
presented in Table 1-9. 
 
Proportion Alive 
The average proportion alive for S. purpuratus was 62.2% for the laboratory control 
treatment.  Mean survival rates in the 33, 42, 51, 60, and 70 ppt concentrations were 62.0, 
76.8, 88.4, 89.8, and 76.2%, respectively.  No statistically significant effects on survival 
were observed relative to the laboratory control treatment.  Consequently, the NOEC for 
survival was 69.1 ppt. The IC25 and IC50 values were both greater than 69.1 ppt. The TUC 
(100% / NOEC) for the proportion alive endpoint was 1.45. 
 
Proportion Normal 
The mean proportion normal observed in the laboratory control treatment for the S. 
purpuratus test was 94.8 percent.  Mean proportion normal in the 33, 42, 51, 60, and 70 ppt 
concentrations were 89.2, 0.0, 0.0, 0.0, and 0.0%, respectively. There was not a statistically 
significant effect observed in the 33 ppt salinity treatment when compared to the laboratory 
control.  Consequently, the NOEC for the proportion normal endpoint was 33 ppt. The IC25 
value was 34.8 ppt and the IC50 value was 36.9 ppt, and the TUC (100% / IC25) for the 
proportion normal endpoint was 2.87. 
 
Reference Toxicant Test (Copper Sulfate) 
The reference toxicant test produced an EC50 value of 7.99 ppb CuSO4 for the proportion 
normal endpoint.  This value is outside two standard deviations from the laboratory mean 
(16.3 ± 8.04 ppb CuSO4), indicating higher than normal sensitivity of the test organisms. 
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Table 1-8. Phase I Test Results: 96-hr Chronic Toxicity Bioassay using 
Strongylocentrotus. purpuratus 

 

 

 

Sample Information Test Parameters
Sample Collected: February 7 & February 11, 2011 Concentrations (ppt): 33, 42, 51, 60, 70
Sample Received: February 9 & February 11, 2011 Common Name: Purple urchin
Test Dates: February 16 - 20, 2011 Test Endpoints: Survival, Development

Test Protocol: EPA/600/R-95/136

Saline Concentration Proportion Alive
1 2 3 4

70 76.2 ± 7.7 76 80 83 66
60 89.8 ± 10.3 89 76 100 94
51 88.4 ± 9.8 100 82 93 78
42 76.8 ± 8.3 80 67 74 86
33 62.0 ± 3.8 67 58 60 62

Laboratory Control 62.2 ± 10.4 77 55 54 62

Saline Concentration Proportion Normal
1 2 3 4

70 0.0 ± 0.0 0 0 0 0
60 0.0 ± 0.0 0 0 0 0
51 0.0 ± 0.0 0 0 0 0
42 0.0 ± 0.0 0 0 0 0
33 89.2 ± 5.0 92 86 84 95

Laboratory Control 94.8 ± 2.6 95 97 91 96

SURVIVAL ENDPOINT
Proportion Alive in Replicates

(ppt) (Mean ± SD)

Statistical Summary
Parameter Saline Concentration (ppt)

IC25 > 70
IC50 > 70

NOEC 70
LOEC > 70

TUc (100/NOEC) 1.45

DEVELOPMENTAL ENDPOINT
Proportion Normal in Replicates

(ppt) (Mean ± SD)

Statistical Summary
Parameter Saline Concentration (ppt)

LOEC 33
TUc (100/IC25) 2.87

IC25 34.8
IC50 36.9

NOEC 32.4
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Table 1-9. Phase I Reference Toxicant Test Results for the 96-hr Chronic Toxicity 
Bioassay using S. purpuratus 

 

 
 

 

Sample Information Test Parameters:
Sample Collected: February 7 & February 11, 2011 Concentrations (ppb): 3.75, 7.5, 15, 30
Sample Received: February 9 & February 11, 2011 Common Name: Purple urchin
Test Dates: February 16 - 20, 2011 Test Endpoints: Developmental

Test Protocol: EPA/600/R-95/136

Concentration Proportion Normal
1 2 3 4

30 0.0 ± 0.0 0 0 0 0
15 4.9 ± 1.5 4 3 7 6
7.5 57.5 ± 5.5 55 65 53 57
3.75 77.3 ± 1.6 79 77 78 75

Laboratory Control 94.4 ± 1.4 96 95 94 93

DEVELOPMENTAL ENDPOINT
Proportion Normal in Replicates

(ppb CuSO4) (Mean ± SD)

Statistical Summary
Parameter Concentration (ppb CuSO4)

EC25 --
EC50 8.0

NOEC < 3.75
LOEC 3.75

TUc (100/NOEC) 26.67
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1.3.1.4 H. rufescens Chronic Bioassay 
Water Quality and Test Acceptability Criteria 
All water quality parameters were within acceptable limits throughout the 48-hour test 
duration. Upon test termination, the laboratory control met the criteria for test acceptability. 
Salinity toxicity test results are presented in Table 1-10 and reference toxicant test results 
are presented in Table 1-11. 
 
Proportion Normal 
The mean proportion normal observed during the H. rufescens test was 90.0% for the 
laboratory control treatment.  Mean proportion normal in the 33, 42, 51, 60, and 70 ppt 
concentrations were 91.0, 0.0, 0.0, 0.0, and 0.0%, respectively.  A statistically significant 
effect on survival was seen in the 42 ppt salinity treatment relative to the laboratory control.  
Consequently, the NOEC for survival was 33 ppt.  The IC25 and IC50 values were 35.3 ppt 
and 37.2 ppt, respectively. The TUC (100% / IC25) for the proportion normal endpoint was 
2.84.  
 
Reference Toxicant Test (Zinc Sulfate) 
The reference toxicant test produced an IC50 value of 60.6 ppb ZnSO4 for the proportion 
normal endpoint.  This value is within two standard deviations from the laboratory mean 
(32.2 ± 32.0 ppb ZnSO4), indicating normal sensitivity of the test organisms.  
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Table 1-10. Phase I Test Results: 48-hr Chronic Toxicity Bioassay using Haliotis 
rufescens 

 

 
 

 

Sample Information Test Paramenters
Sample Collected: February 7 & February 11, 2011 Concentrations (ppt): 33, 42, 51, 60, 70
Sample Received: February 9 & February 11, 2011 Common Name: Red abalone
Test Dates: March 2 - 4, 2011 Test Endpoints: Developmental

Test Protocol: EPA/600/R-95/136

Saline Concentration Proportion Normal
1 2 3 4

70 90.0 ± 4.5 90 89 85 96
60 91.0 ± 2.8 93 87 91 93
51 0.0 ± 0.0 0 0 0 0
42 0.0 ± 0.0 0 0 0 0
33 0.0 ± 0.0 0 0 0 0

Laboratory Control 0.0 ± 0.0 0 0 0 0

DEVELOPMENTAL ENDPOINT
Proportion Normal in Replicates

(ppt) (Mean ± S.D.)

Statistical Summary
Parameter Saline Concentration (ppt)

IC25 35.3
IC50 37.5

NOEC 33
LOEC --

TUc (100/IC25) 2.84
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Table 1-11. Phase I Reference Toxicant Test Results for the 48-hr Chronic Toxicity 
 Bioassay using H. rufescens 

 

 
 

 

Sample Information Test Parameters:
Sample Collected: February 7 & February 11, 2011 Concentrations (ppb): 10, 18, 32, 56, 100
Sample Received: February 9 & February 11, 2011 Common Name: Red abalone
Test Dates: March 2 - 4, 2011 Test Endpoints: Developmental

Test Protocol: EPA/600/R-95/136

Concentration Proportion Normal
1 2 3 4

100 0.0 ± 0.0 0 0 0 0
56 57.3 ± 17.0 57 34 74 64
32 92.0 ± 2.4 90 93 95 90
18 92.3 ± 1.7 90 93 92 94
10 89.8 ± 2.2 91 92 89 87

Laboratory Control 90.3 ± 1.0 89 91 91 90

DEVELOPMENTAL ENDPOINT
Proportion Normal in Replicates

(ppb ZnSO4) (Mean ± SD)

Statistical Summary
Parameter Concentration (ppb ZnSO4)

IC15 41.7
IC25 48.2

LOEC 56
TUc (100/IC25) 2.08

IC40 58.0
IC50 65.0

NOEC 32
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1.3.1.5 A. affinis Chronic and Acute Bioassays 
Water Quality and Test Acceptability Criteria 
All water quality parameters were within acceptable limits throughout the 7-day test 
duration. Upon test termination, the laboratory control failed to meet the survival criteria for 
test acceptability, while meeting the growth criteria for test acceptability.  Salinity toxicity test 
results are presented in Table 1-12 and reference toxicant test results are presented in 
Table 1-13.  Acute toxicity test results are presented in Table 1-14. 
 
Survival 
The average survival rate observed during testing was 68% for the laboratory control 
treatment, which falls below the protocol test acceptability criterion of 80%.  Mean survival 
rates in the 33, 42, 51, 60, and 70 ppt concentrations were 76.0, 56.0, 28.0, 0.0, and 0.0%, 
respectively.  A statistically significant effect on survival was seen in the 51 ppt treatment 
relative to the laboratory control.  Consequently, the NOEC for survival was 42 ppt.  The 
LC25 and LC50 values were 45.1 and 48.5 ppt, respectively. The TUC (100% / LC25) for the 
survival endpoint was 2.22.  
 
Biomass 
The mean biomass measured for A. affinis was 0.833 mg for the laboratory control 
treatment.  Mean biomass in the 33, 42, 51, 60, and 70 ppt concentrations were 0.842, 
0.735, 0.453, 0.0, and 0.0 mg, respectively.  A statistically significant effect on survival was 
seen in the 51 ppt treatment relative to the laboratory control.  Consequently, the NOEC for 
biomass was 42 ppt.  The IC25 and IC50 values were 45.4 ppt and 51.7 ppt, respectively. 
The TUC (100% / IC25) for the biomass endpoint was 2.20.  
 
Acute Survival 
The average 96-hour survival rate for the laboratory control treatment was 68%, which is 
below the protocol acceptability criterion of 90%.  The mean survival rates in the 33, 42, 51, 
60, and 70 ppt concentrations were 76.0, 56.0, 28.0, 0.0, and 0.0%, respectively.  A 
statistically significant effect on survival was seen in the 51 ppt treatment relative to the 
laboratory control.  Consequently, the NOEC for survival was 42 ppt. The IC25 and IC50 
values were 45.1 and 48.5 ppt, respectively. The TUA (100% / IC25) for the survival 
endpoint was 2.22.  
 
Reference Toxicant Test (Copper Sulfate) 
The reference toxicant test produced an IC50 value of 93.3 ppb CuSO4 for the survival 
endpoint.  This value is within two standard deviations from the laboratory mean (121.0 ± 
50.8 ppb CuSO4), indicating normal sensitivity of the test organisms for the survival 
endpoint.  The IC50 for biomass was 97.7 ppb CuSO4.  This value is within two standard 
deviations of the laboratory mean (132.6 ± 52.7 ppb CuSO4), indicating normal sensitivity 
for the biomass endpoint. 
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Table 1-12. Phase I Test Results: 7-day Chronic Toxicity Bioassay 
using Atherinops affinis  

 

 

 

 

Sample Information Test Parameters
Sample Collected: February 7 & February 11, 2011 Concentrations (ppt): 33, 42, 51, 60, 70
Sample Received: February 9 & February 11, 2011 Common Name: Topsmelt
Test Dates: April 1 - 8, 2011 Test Endpoints: Survival and Growth

Test Protocol: EPA/600/R-95/136

 Concentration Percent Survival
(Mean ± SD) 1 2 3 4 5

70 0.0 ± 0.0 0 0 0 0 0
60 0.0 ± 0.0 0 0 0 0 0
51 28.0 ± 17.9 40 40 0 20 40
42 56.0 ± 21.9 80 80 40 40 40
33 76.0 ± 21.9 80 40 80 100 80

Control 68.0 ± 22.8 60 60 40 100 80

Parameter Saline Concentration (ppt)
LC25

LC50

NOEC
LOEC

TUC (100/LC25)

SURVIVAL ENDPOINT

Statistical Summary

45.1

% Survival in Replicates
(ppt)

48.5
42
51

2.22

Concentration (ppt) Mean Weight/Individual (mg)
0.00
0.00
0.45
0.74
0.84
0.83

Parameter Saline Concentration (ppt)
42.7
45.4
49.4
51.7
42
51

2.20TUC (100/IC25)

IC15

IC25

IC40

IC50

NOEC
LOEC

60
51
42
33

Control
 Statistical Summary

70

BIOMASS ENDPOINT
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Table 1-13. Phase I Reference Toxicant Test Results for the 7-day Chronic Toxicity 
Bioassay using A. affinis 

 

 
 

 

Sample Information Test Paramenters
Sample Collected: February 7 & February 11, 2011 Concentration (ppb): 25, 50, 100, 200, 400
Sample Received: February 9 & February 11, 2011 Common Name: Topsmelt
Test Dates: April 1 - 8, 2011 Test Endpoints: Survival and Growth

Test Protocol: EPA/600/R-95/136

SURVIVAL ENDPOINT
Concentration % Survival in Replicates
(ppb CuSO4) (Mean ± SD) 1 2 3 4 5

400 0.0 ± 0.0 0 0 0 0 0
200 4.0 ± 8.9 20 0 0 0 0
100 32.0 ± 17.9 20 20 60 40 20
50 72.0 ± 17.9 80 60 60 100 60
25 76.0 ± 21.9 80 100 40 80 80

Control 76.0 ± 8.9 80 80 80 60 80

Parameter Concentration (ppb CuSO4)
LC25

LC50

NOEC
LOEC

TUC (100/LC25)

50
100
1.45

Statistical Summary

68.9
93.3

Concentration (ppb) Mean Weight/Individual (mg)
0.00
0.00
0.45
0.74
0.84
0.83

Concentration (ppb CuSO4)
42.7
45.4
49.4
51.7
42
51

2.20TUC (100/IC25)

IC15

IC25

IC40

IC50

NOEC
LOEC

100
50
25

Control
 Statistical Summary

Parameter

BIOMASS ENDPOINT

400
200
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Table 1-14. Phase I Test Results: 96-hr Acute Toxicity Bioassay 
 using A. affinis 

 

 
 

 

Sample Information Test Parameters
Sample Collected: February 7 & February 11, 2011 Concentrations (ppt): 33, 42, 51, 60, 70
Sample Received: February 9 & February 11, 2011 Test Endpoints: Acute survival
Test Dates: April 1 - 4, 2011 Test Protocol: EPA/600/R-95/136

Saline Concentration Percent Survival
1 2 3 4 5

70 0.0 ± 0.0 0 0 0 0 0
60 0.0 ± 0.0 0 0 0 0 0
51 28.0 ± 17.9 40 40 0 20 40
42 56.0 ± 21.9 80 80 40 40 40
33 76.0 ± 21.9 80 40 80 100 80

Laboratory Control 68.0 ± 22.8 60 60 40 100 80
Statistical Summary

SURVIVAL ENDPOINT
% Survival in Replicates

(ppt) (Mean ± SD)

Parameter Saline Concentration (ppt)
IC25 45.1
IC50 48.5

NOEC 42
LOEC 51

TUA (100/IC25) 2.22
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1.3.1.6 C. stigmaeus Acute Bioassay 
Water Quality and Test Acceptability Criteria 
All water quality parameters were within acceptable limits throughout the 96-hour test 
duration. Upon test termination, the laboratory control met the criteria for test acceptability. 
Salinity acute toxicity test results are presented in Table 1-15 and reference toxicant test 
results are presented in Table 1-16. 
 
Acute Survival 
The average 96-hour survival rate for the laboratory control treatment was 100%, and the 
mean survival rates in the 33, 42, 51, 60, and 70 ppt concentrations were 100, 100, 100, 
0.0, and 0.0%, respectively.  A statistically significant effect on survival was seen in the 60 
ppt treatment relative to the laboratory control.  Consequently, the NOEC for survival was 
51 ppt. The IC25 and IC50 values were 53.3 ppt and 55.5 ppt, respectively. The TUA (100% / 
IC25) for the acute survival endpoint was 1.88.  
 
Reference Toxicant Test (Sodium Dodecyl Sulfate) 
The reference toxicant test produced an IC25 and IC50 value of 2.98 and 2.98 mg SDS/L, 
respectively.  Due to a lack of data points, a control chart could not be generated by 
statistical software package. 
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Table 1-15. Phase I Test Results: 96-hr Acute Toxicity Bioassay 
 using Citharichthys stigmaeus 

 

 
 

 

Sample Information Test Parameters
Sample Collected: February 7 & February 11, 2011 Concentrations (ppt): 33, 42, 51, 60, 70
Sample Received: February 9 & February 11, 2011 Common Name: Sanddab
Test Dates: February 11 - 14, 2011 Test Endpoints: Acute survival

Test Protocol: EPA/821/R-02/014

Saline Concentration Percent Survival
1 2 3

70 0.0 ± 0.0 0 0 0
60 0.0 ± 0.0 0 0 0
51 100.0 ± 0.0 100 100 100
42 100.0 ± 0.0 100 100 100
33 100.0 ± 0.0 100 100 100

Laboratory Control 100.0 ± 0.0 100 100 100

Saline Concentration (ppt)

NOEC 51
LOEC 60

TUA (100/IC25) 1.88

Statistical Summary
Parameter

IC25 53.3
IC50 55.5

SURVIVAL ENDPOINT
% Survival in Replicates

(ppt) (Mean ± SD)
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Table 1-16. Phase I Reference Toxicant Test Results for the 96-hr Acute 
 Toxicity Bioassay using C. stigmaeus 

 

 
 

 

Sample Information Test Parameters
Sample Collected: February 7 & February 11, 2011 Concentrations (ppb): 0.5, 1, 2, 4, 8
Sample Received: February 9 & February 11, 2011 Common Name: Sanddab
Test Dates: February 10 - 14, 2011 Test Endpoints: Acute survival

Test Protocol: EPA/821/R-02/012

Concentration Percent Survival
1 2

8 78.0 ± 2.8 76 80
4 82.4 ± 9.1 89 76
2 91.2 ± 12.4 100 82
1 73.6 ± 9.1 80 67

0.5 62.8 ± 6.2 67 58
Laboratory Control 66.0 ± 15.3 77 55

NOEC 2
LOEC 4

Statistical Summary
Parameter Concentration (ppb Sodium Dodecyl Sulfate)

IC25 2.5
IC50 3.0

SURVIVAL ENDPOINT
% Survival in Replicates

(ppb SDS) (Mean ± SD)
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1.3.2 PHASE II, EPISODE 1: SAMPLES COLLECTED AUGUST 3 & AUGUST 5, 2011 
As discussed in Section 1.1, Phase II chronic toxicity testing was performed with one Phase 
I species from each trophic level (i.e. plant, invertebrate and vertebrate) most likely to reside 
in the WBMWD discharge environment. This suite included the 7-day A. bahia (mysid 
shrimp) and A. affinis (topsmelt) bioassays, and the 48-hour M. pyrifera (giant kelp) 
bioassay. The 96-hour S. purpuratus (purple urchin) test was also included based on the 
significant volume of high salinity data generated with this species by previous studies. 
 
Phase II acute toxicity testing was performed with the two most sensitive Phase I species: 
A. bahia and A. affinis. Phase II procedure and organism data for all tests performed during 
Phase II, Episodes 1 is summarized in Table 1-17 and Table 1-18.  Copies of laboratory 
benchsheets for all tests are provided in Appendix A. 
 

1.3.2.1 A. bahia Chronic and Acute Bioassays 
Water Quality and Test Acceptability Criteria 
All water quality parameters were consistently within acceptable limits, and all test 
acceptability criteria were met. Test results are provided in Table 1-19 and reference 
toxicant test results are presented in Table 1-20.  Acute toxicity test results are presented in 
Table 1-21. 
Survival 
The mean 7-day survival rate observed for A. bahia in the lab control was 97.5%; mean 
survival rates in the 37, 39, 41, 45, 50 ppt concentrations were 92.5, 92.5, 95.0, 90.0, and 
47.5%, respectively. Significant effects on A. bahia survival were seen in the 50 ppt 
treatment compared to the control. Consequently, the NOEC for survival was 45 ppt. The 
LC25 and LC50 values were 48 ppt and 50 ppt, and the survival TUC (100%/EC25) was 2.09. 

Biomass 
The mean dry weight measured for the control mysids was 0.39 mg. Mean biomass values 
in the 37, 39, 41, 45, 50 ppt concentrations were 0.39, 0.36, 0.35, 0.27, and 0.17 mg, 
respectively. Statistically significant effects were observed in the 45 and 50 ppt treatments 
relative to the lab control. Consequently, the growth NOEC was 41 ppt. The IC25 and IC50 
values were 43.6 ppt and 48.1 ppt, respectively. The growth TUC (100% / IC25) was 2.29. 
Acute Survival 
The average 96-hour survival rate for the laboratory control treatment was 97.5%.  Mean 
survival rates in the 37, 39, 41, 45, 50 ppt concentrations were 95.0, 95.0, 97.5, 90.0, and 
55.0%, respectively.  A statistically significant effect on survival was seen in the 50 ppt 
treatment relative to the laboratory control.  Consequently, the NOEC for survival was 45 
ppt. The EC25 and EC50 values were 48.1 ppt and 50.7 ppt, respectively. The TUA (100% / 
EC25) for the survival endpoint was 2.08. 
Reference Toxicant Test (Copper Sulfate) 
The reference toxicant test produced an LC50 value of 209.6 ppb CuSO4.  This value is 
within two standard deviations of the laboratory mean (255.6 ± 117.7 ppb CuSO4) indicating 
normal sensitivity of the test organisms based on survival.  The IC50 for biomass was 209.6 
ppb CuSO4.  This value is within two standard deviations of the laboratory mean (235.5 ± 
133.1 ppb CuSO4), indicating normal sensitivity for the growth endpoint. 
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Table 1-17. Phase II, Episode 1 Chronic Bioassays: Procedure and Organism Data 

Parameter 
Test Species 

Americamysis 
bahia 

Macrocystis  
pyrifera 

Sample Properties 
Dates Sampled August 3 & August 5, 2011  August 3 & August 5, 2011  

Dates Received  August 4 & August 5, 2011 August 4 & August 5, 2011 

Volume Received ~ 20 L per sample (160 L total) ~ 20 L per sample (160 L total) 

Storage Conditions  4°C, dark 4°C, dark 

Test Species Information 

Supplier Aquatic BioSystems,  
Fort Collins, CO 

Dave Gutoff, 
San Diego, CA 

Date Acquired August 4, 2011 August 15, 2011 

Acquired Temperature 19.2oC N/A 

Age Group 7 days old Mature 

Test Procedures 
Type/Duration Chronic/Renewal; 7 days Chronic/Static; 48 hours 

Test Dates August 4 - 11, 2011  August 15 - 17, 2011 

Control/Dilution H2O Filtered, UV-treated seawater from Scripps 
Institute of Oceanography, La Jolla, CA 

Filtered, UV-treated seawater from Scripps 
Institute of Oceanography, La Jolla, CA 

Temperature 
(recommended/actual) 26 ± 1°C / 24.2 – 26.2°C 15 ± 1°C / 15.3 – 16.0°C 

Photoperiod 16-hour light: 8-hour dark 16-hour light: 8-hour dark 
Salinity 
(recommended/actual) 20 – 30 ± 2 ppt /  NA 34 ± 2 ppt /  NA 

Test Chamber 400 mL containers 60 mL petri dish 

Exposure Volume 150 mL 40 mL 

Animals/Replicate 5 7500 spores / mL 

Replicates/Treatment 8 5 

Feeding Newly hatched Artemia nauplii (~750 nauplii, 
twice daily) None 

Deviations From 
Protocol None None 
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Table 1-17. Phase II, Episode 1 Chronic Bioassays: Procedure and Organism Data 
 (Continued) 

Parameter 
Test Species 

Strongylocentrotus 
purpuratus 

Atherinops  
affinis 

Sample Properties 
Dates Sampled August 3 & August 5, 2011  August 3 & August 5, 2011  

Dates Received  August 4 & August 5, 2011 August 4 & August 5, 2011 

Volume Received ~ 20 L per sample (160 L total) ~ 20 L per sample (160 L total) 

Storage Conditions  4°C, dark 4°C, dark 

Test Species Information 

Supplier Dave Gutoff, 
San Diego, CA 

Aquatic BioSystems,  
Fort Collins, CO 

Date Acquired August 23, 2011 August 9, 2011 

Acquired Temperature N/A 19.8°C 

Age Group Adult 12 days old 

Test Procedures 
Type/Duration Chronic/Static; 96 hours Chronic/Renewal; 7 days 

Test Dates August 23 - 27, 2011 August 10 - 17, 2011 

Control/Dilution H2O Filtered, UV-treated seawater from Scripps 
Institute of Oceanography, La Jolla, CA 

Filtered, UV-treated seawater from Scripps 
Institute of Oceanography, La Jolla, CA 

Temperature 
(recommended/actual) 15 ± 1°C / 14.5 - 16.2°C 20 ± 1°C / 19.4 – 21.4°C 

Photoperiod Ambient laboratory 16-hours light: 8-hours dark 
Salinity 
(recommended/actual) 30 ± 2 ppt /  NA 32 ± 2 ppt /  NA 

Test Chamber 20 mL scintillation vial 600 mL containers 

Exposure Volume 5 mL 200 mL 

Animals/Replicate 2000 eggs, 5 x 106 sperm 5 

Replicates/Treatment 4 5 

Feeding  None Newly hatched Artemia nauplii (~200 nauplii, 
twice daily) 

Deviations  From Protocol None None 
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Table 1-18. Phase II, Episode 1 Acute Bioassays: Procedure and Organism Data 

Parameter 
Test Species 

Americamysis 
bahia 

Atherinops  
affinis 

Sample Properties 
Dates Sampled August 3 & August 5, 2011  August 3 & August 5, 2011  

Dates Received  August 4 & August 5, 2011 August 4 & August 5, 2011 

Volume Received ~ 20 L per sample (160 L total) ~ 20 L per sample (160 L total) 

Storage Conditions  4°C, dark 4°C, dark 

Test Species Information 

Supplier Aquatic BioSystems,  
Fort Collins, CO 

Aquatic BioSystems,  
Fort Collins, CO 

Date Acquired August 4, 2011 August 9, 2011 

Acquired Temperature 19.2oC 19.8°C 

Age Group 7 days old 12 days old 

Test Procedures 
Type/Duration Acute/Renewal; 96 hours Acute/Renewal; 96 hours 

Test Dates August 4 - 8, 2011  August 10 - 14, 2011 

Control/Dilution H2O Filtered, UV-treated seawater from Scripps 
Institute of Oceanography, La Jolla, CA 

Filtered, UV-treated seawater from Scripps 
Institute of Oceanography, La Jolla, CA 

Temperature 
(recommended/actual) 26 ± 1°C / 24.2 – 26.2°C 20 ± 1°C / 19.4 – 21.4°C 

Photoperiod 16-hour light: 8-hour dark 16-hour light: 8-hour dark 
Salinity 
(recommended/actual) 5 – 30 ± 1 ppt /  NA 10 – 30 ppt /  NA 

Test Chamber 250 mL containers 250 mL containers 

Exposure Volume 200 mL 200 mL 

Animals/Replicate 5 5 

Replicates/Treatment 8 5 

Feeding Newly hatched Artemia nauplii (~100 nauplii, 
daily) 

Newly hatched Artemia nauplii (~100 nauplii, 
once prior to renewal) 

Deviations From Protocol None None 
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Table 1-19. Phase II, Episode 1 Results: 7-day Chronic Toxicity Bioassay 
 using A. bahia 

 

 
 

 

 

Sample Information Test Parameters 
Sample Collected: August 3 & August 5, 2011 Concentrations (ppt): 36.5, 39, 41, 45, 50
Sample Received: August 4 & August 5, 2011 Species Common Name: Mysid shrimp
Test Dates: August 4 - 11, 2011 Test Endpoints: Survival, Growth

Test Protocol: EPA/821/R-02/014

SURVIVAL ENDPOINT
Concentration % Survival in Replicates

(ppt) (Mean ± SD) 1 2 3 4 5 6 7 8
50 47.5 ± 26.0 20 40 60 80 80 60 20 20
45 90.0 ± 15.1 100 100 100 100 80 80 60 100
41 95.0 ± 9.3 100 100 80 100 100 100 80 100
39 92.5 ± 14.9 100 80 100 100 60 100 100 100

36.5 92.5 ± 10.4 100 100 80 100 80 100 80 100
Lab Control 97.5 ± 7.1 100 100 100 100 100 100 80 100

BIOMASS ENDPOINT
Saline Concentration (ppt) Mean Weight (mg)

50 0.15
45 0.27
41 0.35
39 0.36

36.5 0.39
Laboratory Control 0.39

Parameter
IC15 41.7
IC25 43.7
IC40 46.4
IC50 48.1

NOEC 41
LOEC 45

TUC (100/IC25) 2.29

Saline Concentration (ppt)
Statistical Summary

Statistical Summary
Saline Concentration (ppt)

47.9
50.0
45
50

Parameter

2.09

LC25

LC50

NOEC
LOEC

TUC (100/LC25)
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Table 1-20. Phase II, Episode 1 Reference Toxicant Test Results for the 7-day Chronic 
Toxicity Bioassay using A. bahia 

 

 
 

 

Sample Information Test Parameters 
Sample Collected: August 3 & August 5, 2011 Concentrations (ppb): 62.5, 125, 250, 500, 1000
Sample Received: August 4 & August 5, 2011 Species Common Name: Mysid shrimp
Test Dates: August 4 - 11, 2011 Test Endpoints: Survival and Growth

Test Protocol: EPA/821/R-02/014

SURVIVAL ENDPOINT
Concentration Percent Survival % Survival in Replicates
(ppb CuSO4) (Mean ± SD) 1 2 3 4 5 6 7 8

1000 0.0 ± 0.0 0 0 0 0 0 0 0 0
500 2.5 ± 7.1 20 0 0 0 0 0 0 0
250 20.0 ± 28.3 0 80 20 20 0 40 0 0
125 85.0 ± 20.7 100 80 80 100 40 100 80 100
62.5 85.0 ± 17.7 100 100 80 60 100 60 80 100

Control 80.0 ± 15.1 80 60 80 80 60 80 100 100

Parameter
LC25 164.2
LC50 209.6

NOEC 125
LOEC 250

BIOMASS ENDPOINT
Concentration (ppb 

CuSO4)
Mean Weight (mg)

1000 0.00
500 0.01
250 0.07
125 0.30
62.5 0.31

Control 0.30

IC15 147.7
IC25 163.7
IC40 187.8
IC50 203.9

NOEC 125
250LOEC

Concentration (ppb CuSO4)

Parameter Concentration (ppb CuSO4)
Statistical Summary

Statistical Summary
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Table 1-21. Phase II, Episode 1 Results: 96-hr Acute Toxicity Bioassay using A. bahia 
 

 
 

 

Sample Information Test Parameters
Sample Collected: August 3 & August 5, 2011 Concentrations (ppt): 36.5, 39, 41, 45, 50
Sample Received: August 4 & August 5, 2011 Common Name: Mysid shrimp
Test Dates: August 4 - 8, 2011 Test Endpoints: Acute survival

Test Protocol: EPA/821/R-02/014

Percent Survival
1 2 3 4 5 6 7 8

50 55.0 ± 27.8 40 60 60 100 80 60 20 20
45 90.0 ± 15.1 100 100 100 100 80 80 60 100
41 97.5 ± 7.1 100 100 80 100 100 100 100 100
39 95.0 ± 14.1 100 100 100 100 60 100 100 100

36.5 95.0 ± 9.3 100 100 80 100 80 100 100 100
Laboratory Control 97.5 ± 7.1 100 100 100 100 100 100 80 100

EC25

EC50

NOEC
LOEC

TUA (100/EC25)

50.7
45
50

2.08

(ppt) (Mean ± SD)

Statistical Summary
Parameter Saline Concentration (ppt)

48.1

SURVIVAL ENDPOINT
Saline Concentration % Survival in Replicates
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1.3.2.2 M. pyrifera Chronic Test 
Water Quality and Test Acceptability Criteria 
All water quality parameters were consistently within acceptable limits, and all test 
acceptability criteria were met. Salinity toxicity test results are presented in Table 1-22 and 
reference toxicant test results are presented in Table 1-23. 
 
Proportion Germinated 
The mean proportion germinated in the laboratory control treatment was 84.8%.  The mean 
proportion germinated in the 37, 39, 41, 45, 50 ppt concentrations was 85.4, 84.2, 80.0, 
72.0 and 70.4%, respectively.  Statistically significant effects on M. pyrifera germination 
were observed in the 45 ppt and 50 ppt concentrations relative to the laboratory control.  
Consequently, the NOEC for the proportion germinated endpoint was 41 ppt.  The EC25 and 
EC50 values were both greater than 50 ppt, and the TUC (100% / NOEC) for the proportion 
germinated endpoint was 2.44. 
 
Growth-Length 
The mean germination tube length for the laboratory control was 14.1 µm. Mean 
germination tube length values in the 37, 39, 41, 45, 50 ppt concentrations were 13.3, 13.1, 
9.3, 10.7 and 9.3 µm, respectively. Statistically significant effects were observed in the 41, 
45, and 50 ppt concentrations when compared to the laboratory control.  Consequently, the 
growth NOEC was 39 ppt.  The IC25 and IC50 values were 40.6 ppt and greater than 50 ppt, 
respectively. The TUC (100% / IC25) for the growth endpoint was 2.46. 
 
Reference Toxicant Test (Copper Chloride) 
The M. pyrifera reference toxicant test produced an EC50 value of 92.8 ppb CuCl2 for the 
proportion germinated endpoint.  This value is within two standard deviations of the 
laboratory mean (92.7 ± 77.2 ppb CuCl2), indicating normal sensitivity of the test organisms 
based on germination.  The IC50 for the germination tube length endpoint was 272.5 ppb 
CuCl2.  This value is also within two standard deviations of the laboratory mean (193.4 ± 
181.9 ppb CuCl2), indicating normal sensitivity for growth. 
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Table 1-22. Phase II, Episode 1 Results: 48-hr Chronic Toxicity Bioassay 
 using M. pyrifera 

 

 

 

 

Sample Information Test Parameters
Sample Collected: August 3 & August 5, 2011 Concentrations (ppt): 36.5, 39, 41, 45, 50
Sample Received: August 4 & August 5, 2011 Common Name: Giant kelp
Test Dates: August 15 - 17, 2011 Test Endpoints: Germination, Growth

Test Protocol: EPA/600/R-95/136

Concentration Proportion Germinated in Replicates
(ppt) (Mean ± SD) 1 2 3 4 5
50 70.4 ± 4.6 66 72 74 65 75
45 72.0 ± 6.0 63 69 76 78 74
41 80.0 ± 4.8 77 75 83 85
39 84.2 ± 1.3 84 83 83 85 86

36.5 85.4 ± 4.2 82 85 91 88 81
Control 84.8 ± 4.7 88 83 78 90 85

Parameter Saline Concentration (ppt)
EC25

EC50

NOEC
LOEC

TUC (100/NOEC)

PROPORTION GERMINATED

Statistical Summary

> 50
> 50
41
45

2.44

Concentration (ppt) Mean Length (µg)
9.30
10.65
9.30
13.10
13.25
14.05

Parameter Saline Concentration (ppt)
39.7
40.6
> 50
> 50
39
41

2.46

GERM TUBE GROWTH-LENGTH

50
45
41
39

36.5
Control

 Statistical Summary

TUC (100/IC25)

IC15

IC25

IC40

IC50

NOEC
LOEC



West Basin Municipal Water District High-Salinity Sensitivity Study: 
 Short-and Long-Term Exposure Assessments 

 

Weston Solutions, Inc. 41 
 

Table 1-23. Phase II, Episode 1 Reference Toxicant Test Results for the 48-hr 
Chronic Toxicity Bioassay using M. pyrifera 

 

 
 

 

 

Sample Information Test Parameters
Sample Collected: August 3 & August 5, 2011 Concentration (ppb): 5.6, 10, 18, 32, 100, 180, 300
Sample Received: August 4 & August 5, 2011 Common Name: Giant kelp
Test Dates: August 15 - 17, 2011 Test Endpoints: Germination, Growth

Test Protocol: EPA/600/R-95/136

PROPORTION GERMINATED
Concentration Proportion Germinated in Replicates
(ppb CuCl2) (Mean ± SD) 1 2 3 4 5

300 8.2 ± 2.8 7 4 10 11 9
29.0 ± 4.1 28 25 28 36 28

100 49.8 ± 2.6 53 51 49 46 50
32 68.0 ± 2.2 68 69 65 70 --
18 73.3 ± 4.1 73 69 71 73 80
10 76.4 ± 3.9 77 76 82 71 76
5.6 88.4 ± 1.9 89 86 91 89 87

Control 84.8 ± 4.7 88 83 78 90 85

Parameter Concentration (ppb CuCl2)
EC25

EC50

NOEC
LOEC

TUC (100/NOEC)

5.6
10

17.9

Statistical Summary

--
92.8

180

Concentration (ppb) Mean Length (µg)
6.75
7.95
8.95
10.13
11.10
12.15
12.80
14.05

Concentration (ppb CuCl2)
11.6
26.1
141.6
272.5
5.6
10

3.83

NOEC
LOEC

TUC (100/IC25)

 Statistical Summary
Parameter

IC15

IC25

IC40

IC50

100
32
18
10
6

Control

GERM TUBE GROWTH-LENGTH

300
180
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1.3.2.3 S. purpuratus Test 
Water Quality and Test Acceptability Criteria 
All water quality parameters were within acceptable limits throughout the 96-hour test 
duration. Upon test termination, the laboratory control met the criteria for test acceptability. 
Salinity toxicity test results are presented in Table 1-24 and reference toxicant test results 
are presented in Table 1-25. 
 
Proportion Alive 
The average proportion alive for S. purpuratus was 90.2% for the laboratory control 
treatment.  The mean proportion alive in the 35, 37, 39, 41, and 43 ppt concentrations were 
89.8, 89.0, 91.4, 87.7, and 93.5%, respectively.  No statistically significant effects on 
survival were observed relative to the laboratory control treatment.  Consequently, the 
NOEC for the proportion alive endpoint was 43 ppt. The IC25 and IC50 values were both 
greater than 43 ppt. The TUC (100% / NOEC) for the proportion alive endpoint was 2.33. 
 
Proportion Normal 
The mean proportion normal observed in the laboratory control treatment for the S. 
purpuratus test was 94.4%.  The mean proportion normal in the 35, 37, 39, 41, and 43 ppt 
concentrations were 93.3, 27.8, 2.4, 0.0, and 0.0%, respectively. A statistically significant 
effect was observed in the 37 ppt salinity treatment when compared to the laboratory 
control.  Consequently, the NOEC for the proportion normal endpoint was 35 ppt. The IC25 
and IC50 values were 35.7 ppt and 36.4 ppt, respectively.  The TUC (100% / IC25) for the 
proportion normal endpoint was 2.80. 
 
Reference Toxicant Test (Copper Sulfate) 
The reference toxicant test produced an EC50 value of 12.9 ppb CuSO4 for the proportion 
normal endpoint.  This value is within two standard deviations of the laboratory mean (16.0 
± 7.76 ppb CuSO4), indicating normal sensitivity of the test organisms.   
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Table 1-24. Phase II, Episode 1 Results: 96-hr Chronic Toxicity Bioassay 
 using S. purpuratus 

 

 

Sample Information Test Parameters
Sample Collected: August 3 & August 5, 2011 Concentrations (ppt): 35, 37, 39, 41, 43
Sample Received: August 4 & August 5, 2011 Common Name: Purple urchin
Test Dates: August 23 - 27, 2011 Test Endpoints: Survival, Development

Test Protocol: EPA/600/R-95/136

Saline Concentration Proportion Alive
1 2 3 4

43 93.5 ± 5.7 97 100 89 88
41 87.7 ± 5.6 94 86 81 90
39 91.4 ± 3.2 90 88 93 95
37 88.9 ± 6.8 95 82 84 95
35 89.8 ± 6.8 87 100 86 87

Laboratory Control 90.2 ± 6.7 92 87 83 99

Saline Concentration Proportion Normal
1 2 3 4

43 0.0 ± 0.0 0 0 0 0
41 0.0 ± 0.0 0 0 0 0
39 2.4 ± 0.8 3 2 3 2
37 27.8 ± 22.8 28 59 5 19
35 93.3 ± 2.3 91 95 91 95

Laboratory Control 94.4 ± 0.8 95 94 94 94

LOEC 37
TUc (100/NOEC) 2.80

IC25 35.7
IC50 36.4

NOEC 35

DEVELOPMENTAL ENDPOINT
Proportion Normal in Replicates

(ppt) (Mean ± SD)

Statistical Summary
Parameter Saline Concentration (ppt)

NOEC 43
LOEC > 43

TUc (100/IC25) 2.33

Statistical Summary
Parameter Saline Concentration (ppt)

IC25 > 43
IC50 > 43

SURVIVAL ENDPOINT
Proportion Alive in Replicates

(ppt) (Mean ± SD)
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Table 1-25. Phase II, Episode 1 Reference Toxicant Test Results for the 96-hr 
Chronic Toxicity Bioassay using S. purpuratus 

 

 
 

  

Sample Information Test Parameters
Sample Collected: August 3 & August 5, 2011 Concentrations (ppb): 3.75, 7.5, 15, 30, 60
Sample Received: August 4 & August 5, 2011 Common Name: Purple urchin
Test Dates: August 23 - 27, 2011 Test Endpoints: Developmental

Test Protocol: EPA/600/R-95/136

Concentration Proportion Normal
1 2 3 4

60 0.0 ± 0.0 0 0 0 0
30 0.0 ± 0.0 0 0 0 0
15 26.8 ± 35.0 9 78 19 1
7.5 94.3 ± 2.5 95 91 97 94
3.75 95.3 ± 3.3 96 91 95 99

Laboratory Control 97.0 ± 1.8 98 96 99 95

NOEC 7.5
LOEC 15

TUc (100/EC25) 9.21

Statistical Summary
Parameter Concentration (ppb CuSO4)

EC25 10.9
EC50 12.9

DEVELOPMENTAL ENDPOINT
Proportion Normal in Replicates

(ppb CuSO4) (Mean ± SD)
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1.3.2.4 A. affinis Chronic and Acute Tests 
Water Quality and Test Acceptability Criteria 
All water quality parameters were within acceptable limits throughout the 7-day test 
duration. Salinity toxicity test results are presented in Table 1-26 and reference toxicant test 
results are presented in Table 1-27.  Acute toxicity test results are presented in Table 1-28. 
 
Survival 
The average survival rate observed during testing was 96% for the laboratory control 
treatment.  Mean survival rates in the 37, 39, 41, 45, 50 ppt concentrations were 92.0, 88.0, 
88.0, 100.0, and 72.0%, respectively.  No statistically significant effects on survival were 
observed when compared to the laboratory control.  Consequently, the NOEC for survival 
was 50 ppt.  The LC25 and LC50 values were both greater than 50 ppt, and the TUC (100% / 
NOEC) for the survival endpoint was 2.0.  
 
Biomass 
The mean biomass measured for A. affinis was 1.02 mg for the laboratory control treatment.  
Mean biomass in the 37, 39, 41, 45, 50 ppt concentrations were 1.03, 1.03, 1.03, 1.04, and 
0.86 mg, respectively.  No statistically significant effects on biomass were observed relative 
to the laboratory control.  Consequently, the NOEC for biomass was 50 ppt.  The IC25 and 
IC50 values were both greater than 50 ppt, and the TUC (100% / NOEC) for the biomass 
endpoint was 2.0.  
 
Acute Survival 
The average 96-hour survival rate for the laboratory control treatment was 96.0%.  The 
mean survival rates in the 37, 39, 41, 45, 50 ppt concentrations were 92.0, 92.0, 88.0, 100, 
and 72.0%, respectively.  No statistically significant effects on acute survival were observed 
relative to the laboratory control.  Consequently, the NOEC for survival was 50 ppt. The IC25 
and IC50 values were both greater than 50 ppt, and the TUA (100% / NOEC) for the survival 
endpoint was 2.0.  
 
Reference Toxicant Test (Copper Sulfate) 
The reference toxicant test produced an LC50 value of 69.5 ppb CuSO4 for the survival 
endpoint.  This value is within two standard deviations from the laboratory mean (117.9 ± 
55.4 ppb CuSO4), indicating normal sensitivity of the test organisms for the survival 
endpoint.  The IC50 for biomass was 80.6 ppb CuSO4.  This value is within two standard 
deviations of the laboratory mean (130.4 ± 57.5 ppb CuSO4), indicating normal sensitivity 
for the biomass endpoint. 
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Table 1-26. Phase II, Episode 1 Results: 7-day Chronic Toxicity Bioassay 
using A. affinis 

 

 
 

 

Sample Information Test Parameters
Sample Collected: August 3 & August 5, 2011 Concentrations (ppt): 36.5, 39, 41, 45, 50
Sample Received: August 4 & August 5, 2011 Common Name: Topsmelt
Test Dates: August 10 - 17, 2011 Test Endpoints: Survival and Growth

Test Protocol: EPA/600/R-95/136

Concentration % Survival in Replicates
(ppt) (Mean ± SD) 1 2 3 4 5
50 72.0 ± 22.8 60 80 100 80 40
45 100.0 ± 0.0 100 100 100 100 100
41 88.0 ± 11.0 80 100 80 80 100
39 88.0 ± 11.0 80 100 80 100 80

36.5 92.0 ± 11.0 100 100 80 100 80
Control 96.0 ± 8.9 80 100 100 100 100

Parameter Saline Concentration (ppt)
LC25

LC50

NOEC
LOEC

TUC (100/NOEC)

> 50
50

> 50
2.00

SURVIVAL ENDPOINT

Statistical Summary

> 50

Concentration (ppt) Mean Weight/Individual (mg)
0.86
1.04
1.03
1.03
1.03
1.02

Parameter Saline Concentration (ppt)
49.5
> 50
> 50
> 50
50

> 50
2.00TUC (100/NOEC)

IC15

IC25

IC40

IC50

NOEC
LOEC

45
41
39
37

Control
 Statistical Summary

BIOMASS ENDPOINT

50
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Table 1-27. Phase II, Episode 1 Reference Toxicant Test Results for the 7-day 
Chronic Toxicity Bioassay using A. affinis 

 

 
 

 

Sample Information Test Parameters
Sample Collected: August 3 & August 5, 2011 Concentration (ppb): 25, 50, 100, 200, 400
Sample Received: August 4 & August 5, 2011 Common Name: Topsmelt
Test Dates: August 10 - 17, 2011 Test Endpoints: Survival and Growth

Test Protocol: EPA/600/R-95/136

SURVIVAL ENDPOINT
Concentration % Survival in Replicates
(ppb CuSO4) (Mean ± SD) 1 2 3 4 5

400 0.0 ± 0.0 0 0 0 0 0
200 0.0 ± 0.0 0 0 0 0 0
100 16.0 ± 26.1 20 60 0 0 0
50 88.0 ± 11.0 80 100 80 80 100
25 96.0 ± 8.9 100 100 100 100 80

Control 100.0 ± 0.0 100 100 100 100 100

Parameter Concentration (ppb CuSO4)
LC25

LC50

NOEC
LOEC

TUC (100/LC25)

Statistical Summary

52.4
69.5
50
100
1.91

Concentration (ppb) Mean Weight/Individual (mg)
0.00
0.00
1.74
1.21
1.17
1.12

Concentration (ppb CuSO4)
> 100
> 100
> 100
> 100
100

> 100
1.00

BIOMASS ENDPOINT

400
200
100
50
25

Control
 Statistical Summary

Parameter

TUC (100/NOEC)

IC15

IC25

IC40

IC50

NOEC
LOEC
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Table 1-28. Phase II, Episode 1 Results: 96-hr Acute Toxicity Bioassay using A. affinis 
 

 
  

Sample Information Test Parameters
Sample Collected: August 3 & August 5, 2011 Concentrations (ppt): 36.5, 39, 41, 45, 50
Sample Received: August 4 & August 5, 2011 Common Name: Topsmelt
Test Dates: August 10 - 14, 2011 Test Endpoints: Acute survival

Test Protocol: EPA/600/R-95/136

Saline Concentration Proportion Alive
1 2 3 4 5

50 72.0 ± 22.8 60 80 100 80 40
45 100.0 ± 0.0 100 100 100 100 100
41 88.0 ± 11.0 80 100 80 80 100
39 92.0 ± 11.0 80 100 80 100 100

36.5 92.0 ± 11.0 100 100 80 100 80
Laboratory Control 96.0 ± 8.9 80 100 100 100 100

SURVIVAL ENDPOINT
Proportion Alive in Replicates

(ppt) (Mean ± SD)

Statistical Summary
Parameter Saline Concentration (ppt)

IC25 > 50
IC50 > 50

NOEC 50
LOEC > 50

TUc (100/NOEC) 2.00
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1.3.3 PHASE II, EPISODE 2:  SAMPLES COLLECTED SEPTEMBER 22, 2011 
Procedure and organism data for A. bahia, M. pyrifera, S. purpuratus, and A. affinis tests 
performed during Phase II, Episode 2 are summarized in Table 1-29 and Table 1-30.  
Copies of laboratory benchsheets for all tests are provided in Appendix A. 
 

1.3.3.1 A. bahia Chronic and Acute Tests 
Water Quality and Test Acceptability Criteria 
All water quality parameters were consistently within acceptable limits, and all test 
acceptability criteria were met. Salinity toxicity test results are presented in Table 1-31 and 
reference toxicant test results are presented in Table 1-32.  Acute toxicity test results are 
presented in Table 1-33. 
 
Survival 
The mean 7-day survival rate observed for A. bahia in the laboratory control was 97.5%. 
The mean survival rates in the 37, 39, 41, 45, 60 ppt concentrations were 95.0, 97.5, 97.5, 
87.5, and 0.0%, respectively.  Statistically significant effects on A. bahia survival were seen 
in the 60 ppt treatment compared to the laboratory control.  Consequently, the NOEC for 
survival was 45 ppt.  The LC50 value was 51.6 ppt, and the survival TUC (100% / LC25) was 
2.11. 
 
Biomass 
The mean dry weight measured for the laboratory control mysids was 0.43 mg. The mean 
biomass values in the 37, 39, 41, 45, 60 ppt concentrations were 0.42, 0.39, 0.37, 0.21, and 
0.0 mg, respectively. Statistically significant effects were observed in the 45 and 60 ppt 
treatments relative to the laboratory control. Consequently, the biomass NOEC was 41 ppt. 
The IC25 and IC50 values were 42.3 ppt and 44.8 ppt, respectively, and the biomass TUC 
(100% / IC25) was 2.37. 
 
Acute Survival 
The average 96-hour survival rate for the laboratory control treatment was 100%.  The 
mean survival rates in the 37, 39, 41, 45, 50 ppt concentrations were 100, 100, 100, 92.5, 
and 0.0%, respectively.  A statistically significant effect on survival was seen in the 60 ppt 
treatment relative to the laboratory control.  Consequently, the NOEC for survival was 45 
ppt. The EC50 value was 51.2 ppt, and the TUA (100% / NOEC) for the acute survival 
endpoint was 2.22. 
 
Reference Toxicant Test (Copper Sulfate) 
The reference toxicant test produced an LC50 value of 163.7 ppb CuSO4.  This value is 
within two standard deviations of the laboratory mean (247.6 ± 119.9 ppb CuSO4) indicating 
normal sensitivity of the test organisms based on survival.  The IC50 for biomass was 173.7 
ppb CuSO4.  This value is within two standard deviations of the laboratory mean (230.5 ± 
134.6 ppb CuSO4), indicating normal sensitivity for the growth endpoint. 
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Table 1-29. Phase II, Episode 2 Chronic Bioassays: Procedure and Organism Data 

Parameter 
Test Species 

Americamysis 
bahia 

Macrocystis  
pyrifera 

Sample Properties 
Dates Sampled September 22, 2011  September 22, 2011  

Dates Received  September 23, 2011 September 23, 2011 

Volume Received ~ 20 L per sample (80 L total) ~ 20 L per sample (80 L total) 

Storage Conditions  4°C, dark 4°C, dark 

Test Species Information 

Supplier Aquatic BioSystems,  
Fort Collins, CO 

Dave Gutoff, 
San Diego, CA 

Date Acquired October 18, 2011 October 4, 2011 

Acquired Temperature 15.6oC N/A 

Age Group 7 days old Mature 

Test Procedures 
Type/Duration Chronic/Renewal; 7 days Chronic/Static; 48 hours 

Test Dates October 19 - 26, 2011  October 4 -6, 2011 

Control/Dilution H2O Filtered, UV-treated seawater from Scripps 
Institute of Oceanography, La Jolla, CA 

Filtered, UV-treated seawater from Scripps 
Institute of Oceanography, La Jolla, CA 

Temperature 
(recommended/actual) 26°C ± 1°C / 24.5 – 26.8°C 15°C ± 1°C / 14.8 – 15.6°C 

Photoperiod 16-hour light: 8-hour dark 16-hour light: 8-hour dark 
Salinity 
(recommended/actual) 20 – 30 ± 2 ppt /  NA 34 ± 2 ppt /  NA 

Test Chamber 400 mL containers 60 mL petri dish 

Exposure Volume 150 mL 40 mL 

Animals/Replicate 5 7500 spores / mL 

Replicates/Treatment 8 5 

Feeding Newly hatched Artemia nauplii (~750 nauplii, 
twice daily) None 

Deviations From Protocol None None 
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Table 1-29 Phase II, Episode 2 Chronic Bioassays: Procedure and Organism Data 
(Continued) 

Parameter 
Test Species 

Strongylocentrotus 
purpuratus 

Atherinops  
affinis 

Sample Properties 
Dates Sampled September 22, 2011  September 22, 2011  

Dates Received  September 23, 2011 September 23, 2011 

Volume Received ~ 20 L per sample (80 L total) ~ 20 L per sample (80 L total) 

Storage Conditions  4°C, dark 4°C, dark 

Test Species Information 

Supplier Dave Gutoff, 
San Diego, CA 

Aquatic BioSystems,  
Fort Collins, CO 

Date Acquired October 5, 2011 September 27, 2011 

Acquired Temperature N/A 19.9 – 20.0°C 

Age Group Adult 12 days old 

Test Procedures 
Type/Duration Chronic/Static; 96 hours Chronic/Renewal; 7 days 

Test Dates October 5 - 9, 2011 September 27 - October 4, 2011 

Control/Dilution H2O Filtered, UV-treated seawater from Scripps 
Institute of Oceanography, La Jolla, CA 

Filtered, UV-treated seawater from Scripps 
Institute of Oceanography, La Jolla, CA 

Temperature 
(recommended/actual) 15 ± 1°C / 14.5 - 16.3°C 20 ± 1°C / 19.2 – 20.6°C 

Photoperiod Ambient laboratory 16-hour light: 8-hour dark 

Salinity (recommended/actual) 30 ± 2 ppt /  NA 32 ± 2 ppt /  NA 

Test Chamber 20 mL scintillation vial 600 mL containers 

Exposure Volume 5 mL 200 mL 

Animals/Replicate 2000 eggs, 5 x 106 sperm 5 

Replicates/Treatment 4 5 

Feeding None Newly hatched Artemia nauplii (~200 nauplii, 
twice daily) 

Deviations From Protocol None None 
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Table 1-30. Phase II, Episode 2 Acute Bioassays: Procedure and Organism Data 

Parameter 
Test Species 

Americamysis 
bahia 

Atherinops  
affinis 

Sample Properties 
Dates Sampled September 22, 2011  September 22, 2011  

Dates Received  September 23, 2011 September 23, 2011 

Volume Received ~ 20 L per sample (80 L total) ~ 20 L per sample (80 L total) 

Storage Conditions  4°C, dark 4°C, dark 

Test Species Information 

Supplier Aquatic BioSystems,  
Fort Collins, CO 

Aquatic BioSystems,  
Fort Collins, CO 

Date Acquired October 18, 2011 September 27, 2011 

Acquired Temperature 15.6oC 19.9 – 20.0°C 

Age Group 7 days old 12 days old 

Test Procedures 
Type/Duration Acute/Renewal; 96 hours Acute/Renewal; 96 hours 

Test Dates October 19 - 23, 2011  September 27 - October 1, 2011 

Control/Dilution H2O Filtered, UV-treated seawater from Scripps 
Institute of Oceanography, La Jolla, CA 

Filtered, UV-treated seawater from Scripps 
Institute of Oceanography, La Jolla, CA 

Temperature 
(recommended/actual) 26 ± 1°C / 24.5 – 26.8°C 20 ± 1°C / 19.2 – 20.6°C 

Photoperiod 16-hour light: 8-hour dark 16-hour light: 8-hour dark 

Salinity (recommended/actual) 5 – 30 ± 1 ppt /  NA 10 – 30 ppt /  NA 

Test Chamber 250 mL containers 250 mL containers 

Exposure Volume 200 mL 200 mL 

Animals/Replicate 5 5 

Replicates/Treatment 8 5 

Feeding Newly hatched Artemia nauplii (~100 nauplii, 
daily) 

Newly hatched Artemia nauplii (~100 nauplii, 
once prior to renewal) 

Deviations From Protocol None None 
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Table 1-31. Phase II, Episode 2 Results: 7-day Chronic Toxicity Bioassay 
 using A. bahia 

 
 

   

Sample Information Test Parameters 
Sample Collected: September 22, 2011 Concentrations (ppt): 36.5, 39, 41, 45, 60
Sample Received: September 23, 2011 Species Common Name: Mysid shrimp
Test Dates: October 19 - 26, 2011 Test Endpoints: Survival, Growth

Test Protocol: EPA/821/R-02/014

SURVIVAL ENDPOINT
Concentration % Survival in Replicates

(ppt) (Mean ± SD) 1 2 3 4 5 6 7 8
60 0.0 ± 0.0 0 0 0 0 0 0 0 0
45 87.5 ± 10.4 80 80 100 80 80 80 100 100
41 97.5 ± 7.1 100 100 80 100 100 100 100 100
39 97.5 ± 7.1 100 100 80 100 100 100 100 100

36.5 95.0 ± 9.3 100 80 100 100 80 100 100 100
Lab Control 97.5 ± 7.1 80 100 100 100 100 100 100 100

Parameter Saline Concentration (ppt)
LC25 47.5
LC50 51.6

NOEC 45
LOEC 60

TUC (100/LC25) 2.11

BIOMASS ENDPOINT
Concentration (ppt) Mean Weight (mg)

60 0.00
45 0.21
41 0.37
39 0.39

36.5 0.42
Laboratory Control 0.43

Parameter
IC15 41.3
IC25 42.3
IC40 43.8
IC50 44.8

NOEC 41
LOEC 45

TUC (100/IC25) 2.37

Saline Concentration (ppt)

Statistical Summary

Statistical Summary
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Table 1-32. Phase II, Episode 2 Reference Toxicant Test Results for the 7-day 
Chronic Toxicity Bioassay using A. bahia 

 

 
 

 

Sample Information Test Parameters 
Sample Collected: September 22, 2011 Concentrations (ppb): 62.5, 125, 250, 500, 1000
Sample Received: September 23, 2011 Species Common Name: Mysid shrimp
Test Dates: October 19 - 26, 2011 Test Endpoints: Survival and Growth

Test Protocol: EPA/821/R-02/014

SURVIVAL ENDPOINT
Concentration % Survival in Replicates
(ppb CuSO4) (Mean ± SD) 1 2 3 4 5 6 7 8

1000 0.0 ± 0.0 0 0 0 0 0 0 0 0
500 2.5 ± 7.1 0 0 0 20 0 0 0 0
250 15.0 ± 20.7 20 0 20 0 0 0 60 20
125 72.5 ± 23.8 80 60 100 100 40 80 80 40
62.5 92.5 ± 10.4 80 100 100 100 80 100 80 100

Control 97.5 ± 7.1 100 100 100 100 100 80 100 100

Parameter
LC25 116.4
LC50 163.7

NOEC 62.5
LOEC 125

BIOMASS ENDPOINT
Concentration (ppb 

CuSO4)
Mean Weight (mg)

1000 0.00
500 0.01
250 0.04
125 0.21
62.5 0.28

Control 0.28

IC15 97.1
IC25 120.5
IC40 152.5
IC50 173.7

NOEC 62.5
125LOEC

Concentration (ppb CuSO4)

Parameter Concentration (ppb CuSO4)

Statistical Summary

Statistical Summary
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Table 1-33. Phase II, Episode 2 Results: 96-hour Acute Toxicity Bioassay 
using A. bahia 

 

 
 

  

Sample Information Test Parameters 
Sample Collected: September 22, 2011 Concentrations (ppt): 36.5, 39, 41, 45, 60
Sample Received: September 23, 2011 Common Name: Mysid shrimp
Test Dates: October 19 - 23, 2011 Test Endpoints: Acute survival

Test Protocol: EPA/821/R-02/014

Proportion Alive
1 2 3 4 5 6 7 8

60 0.0 ± 0.0 0 0 0 0 0 0 0 0
45 92.5 ± 10.4 100 80 100 100 80 80 100 100
41 100.0 ± 0.0 100 100 100 100 100 100 100 100
39 100.0 ± 0.0 100 100 100 100 100 100 100 100

36.5 100.0 ± 0.0 100 100 100 100 100 100 100 100
Laboratory Control 100.0 ± 0.0 100 100 100 100 100 100 100 100

EC25

EC50

NOEC
LOEC

TUC (100/NOEC)

SURVIVAL ENDPOINT
Saline Concentration Proportion Alive in Replicates

51.2
45
60

2.22

(ppt) (Mean ± SD)

Statistical Summary
Parameter Saline Concentration (ppt)

--
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1.3.3.2 M. pyrifera Chronic Test 
Water Quality and Test Acceptability Criteria 
All water quality parameters were consistently within acceptable limits, and all test 
acceptability criteria were met. Salinity toxicity test results are presented in Table 1-34 and 
reference toxicant test results are presented in Table 1-35. 
 
Proportion Germinated 
The mean proportion germinated in the laboratory control treatment was 83.2%.  The mean 
proportion germinated in the 37, 39, 41, 45, and 60 ppt concentration was 81.8, 77.6, 74.8, 
72.4 and 31.6%, respectively.  Statistically significant effects on M. pyrifera germination 
were observed in the 41, 45, and 60 ppt concentrations relative to the laboratory control.  
Consequently, the NOEC for the proportion germinated endpoint was 39 ppt.  The EC25 and 
EC50 values were 48.6 ppt and 56.3 ppt, respectively.  The TUC (100% / EC25) for the 
proportion germinated endpoint was 2.06. 
 
Growth-Length 
The mean germination tube length for the laboratory control was 14.7 µm. The mean 
germination tube length values in the 37, 39, 41, 45, 60 ppt concentrations were 13.5, 13.5, 
13.7, 11.7 and 6.0 µm, respectively. Statistically significant effects were observed in the 45 
ppt and 50 ppt concentrations when compared to the laboratory control.  Consequently, the 
growth NOEC was 41 ppt.  The IC25 and IC50 values were 46.9 ppt and 56.5 ppt, 
respectively. The TUC (100% / IC25) for the growth endpoint was 2.13. 
 
Reference Toxicant Test (Copper Chloride) 
The M. pyrifera reference toxicant test produced an EC50 value of 321.74 ppb CuCl2 for the 
proportion germinated endpoint. This value is within two standard deviations of the 
laboratory mean (102.0 ± 127.5 ppb CuCl2), indicating less than normal sensitivity of the 
test organisms based on germination.  The EC50 for the germination tube length endpoint 
was 244.1 ppb CuCl2.  This value is within two standard deviations of the laboratory mean 
(202.7 ± 171.8 ppb CuCl2), indicating normal sensitivity for growth.   
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Table 1-34. Phase II, Episode 2 Results: 48-hr Chronic Toxicity Bioassay 
 using M. pyrifera 

 

 
 

 

Sample Information Test Parameters 
Sample Collected: September 22, 2011 Concentrations (ppt): 36.5, 39, 41, 45, 60
Sample Received: September 23, 2011 Common Name: Giant kelp
Test Dates: October 4 - 6, 2011 Test Endpoints: Germination, Growth

Test Protocol: EPA/600/R-95/136

Concentration Proportion Germinated in Replicates
(ppt) (Mean ± SD) 1 2 3 4 5
60 31.6 ± 7.9 39 37 33 30 19
45 72.4 ± 3.5 76 68 71 71 76
41 74.8 ± 4.1 80 73 78 70 73
39 77.6 ± 2.4 75 81 77 79 76

36.5 81.8 ± 2.0 82 85 80 82 80
Control 83.2 ± 2.6 85 86 81 84 80

Parameter Saline Concentration (ppt)
EC25

EC50

NOEC
LOEC

TUC (100/EC25)

PROPORTION GERMINATED

Statistical Summary

48.6
56.3
39
41

2.06

Concentration (ppt) Mean Length (µg)
6.00
11.70
13.65
13.50
13.45
14.65

Parameter Saline Concentration (ppt)
43.4
46.9
52.7
56.5
41
45

2.13

GERM TUBE GROWTH-LENGTH

60
45
41
39

36.5
Control

 Statistical Summary

TUC (100/IC25)

IC15

IC25

IC40

IC50

NOEC
LOEC
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Table 1-35. Phase II, Episode 2 Reference Toxicant Test Results for the 48-hr 
 Chronic Toxicity Bioassay using M. pyrifera 

 

 
 

 

Sample Information Test Parameters 
Sample Collected: September 22, 2011 Concentration (ppb): 5.6, 10, 18, 32, 100, 180, 300
Sample Received: September 23, 2011 Common Name: Giant kelp
Test Dates: October 4 - 6, 2011 Test Endpoints: Germination, Growth

Test Protocol: EPA/600/R-95/136

PROPORTION GERMINATED
Concentration Proportion Germinated in Replicates
(ppb CuCl2) (Mean ± SD) 1 2 3 4 5

300 39.4 ± 10.2 37 48 42 47 23
180 51.8 ± 7.1 59 54 54 52 40
100 61.4 ± 7.1 63 64 64 67 49
32 73.2 ± 3.1 73 76 74 75 68
18 75.4 ± 3.0 79 78 73 72 75
10 77.0 ± 3.3 76 80 72 77 80
5.6 76.6 ± 2.8 74 79 80 74 76

Control 83.2 ± 2.6 85 86 81 84 80

Parameter Concentration (ppb CuCl2)
EC25

EC50

NOEC
LOEC

TUC (100/NOEC)

Statistical Summary

100.1
321.7
< 5.6
5.6
17.9

Concentration (ppb) Mean Length (µg)
6.30
8.50
9.80
12.65
13.10
12.90
13.00
14.65

Concentration (ppb CuCl2)
36.7
71.7
162.2
244.1
< 5.6
5.6

17.86

GERM TUBE GROWTH-LENGTH

300
180
100
32
18
10
6

Control

NOEC
LOEC

TUC (100/EC25)

 Statistical Summary
Parameter

EC15

EC25

EC40

EC50
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1.3.3.3 S. purpuratus Test 
Water Quality and Test Acceptability Criteria 
All water quality parameters were within acceptable limits throughout the 96-hour test 
duration. Upon test termination, the laboratory control met the criteria for test acceptability. 
Salinity toxicity test results are presented in Table 1-36 and reference toxicant test results 
are presented in Table 1-37. 
 
Proportion Alive 
The average proportion alive for S. purpuratus was 88.4% for the laboratory control 
treatment.  The mean proportion alive in the 35, 37, 39, 41, and 43 ppt concentrations were 
92.3, 74.8, 99.3, 98.8, and 98.3%, respectively.  No statistically significant effects on 
survival were observed relative to the laboratory control treatment.  Consequently, the 
NOEC for the proportion alive endpoint was 43 ppt. The IC25 and IC50 values were both 
greater than 43 ppt. The TUC (100% / NOEC) for the proportion alive endpoint was 2.33. 
 
Proportion Normal 
The mean proportion normal observed in the laboratory control treatment for the S. 
purpuratus test was 94.9%.  Mean proportion normal in the 35, 37, 39, 41, and 43 ppt 
concentrations were 91.7, 90.1, 1.3, 0.0, and 0.0%, respectively. A statistically significant 
effect was observed in the 39 ppt salinity treatment when compared to the laboratory 
control.  Consequently, the NOEC for the proportion normal endpoint was 37 ppt. The IC25 
and IC50 values were 37.4 ppt and 38.0 ppt, respectively.  The TUC (100% / IC25) for the 
proportion normal endpoint was 2.67. 
 
Reference Toxicant Test (Copper Sulfate) 
The reference toxicant test produced an EC50 value of 14.2 ppb CuSO4 for the proportion 
normal endpoint.  This value is within two standard deviations of the laboratory mean (15.9 
± 7.60 ppb CuSO4), indicating normal sensitivity of the test organisms. 
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Table 1-36. Phase II, Episode 2 Results: 96-hr Chronic Toxicity Bioassay 
using S. purpuratus 

 

 

Sample Information Test Parameters 
Sample Collected: Septmber 22, 2011 Concentrations (ppt): 35, 37, 39, 41, 43
Sample Received: September 23, 2011 Common Name: Purple urchin
Test Dates: October 5 - 9, 2011 Test Endpoints: Survival, Development

Test Protocol: EPA/600/R-95/136

Saline Concentration Proportion Alive
1 2 3 4

43 98.3 ± 2.0 100 97 96 100
41 98.8 ± 2.5 100 95 100 100
39 99.3 ± 0.9 99 98 100 100
37 74.8 ± 9.9 85 67 65 81
35 92.3 ± 10.2 96 100 77 96

Laboratory Control 88.4 ± 8.6 100 79 87 87

Saline Concentration Proportion Normal
1 2 3 4

43 0.0 ± 0.0 0 0 0 0
41 0.0 ± 0.0 0 0 0 0
39 1.2 ± 1.3 0 3 1 1
37 90.1 ± 7.5 83 96 85 98
35 91.7 ± 4.3 95 89 87 96

Laboratory Control 94.9 ± 6.0 99 86 95 99

SURVIVAL ENDPOINT
Proportion Alive in Replicates

(ppt) (Mean ± SD)

Statistical Summary
Parameter Saline Concentration (ppt)

IC25 > 43
IC50 > 43

NOEC 43
LOEC > 43

TUc (100/NOEC) 2.33

DEVELOPMENTAL ENDPOINT
Proportion Normal in Replicates

(ppt) (Mean ± SD)

Statistical Summary
Parameter Saline Concentration (ppt)

LOEC 39
TUc (100/IC25) 2.67

IC25 37.4
IC50 38.0

NOEC 37
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Table 1-37. Phase II, Episode 2 Reference Toxicant Test Results for the 96-hr 
Chronic Toxicity Bioassay using S. purpuratus 

 

Sample Information Test Parameters 
Sample Collected: Septmber 22, 2011 Concentrations (ppb): 3.75, 7.5, 15, 30
Sample Received: September 23, 2011 Common Name: Purple urchin
Test Dates: October 5 - 9, 2011 Test Endpoints: Developmental

Test Protocol: EPA/600/R-95/136

Concentration Proportion Normal
1 2 3 4

30 0.0 ± 0.0 0 0 0 0
15 37.3 ± 4.9 37 40 31 42
7.5 88.8 ± 6.4 95 91 89 80
3.75 93.0 ± 5.5 97 94 96 85

Laboratory Control 90.7 ± 3.4 86 90 93 94

DEVELOPMENTAL ENDPOINT
Proportion Normal in Replicates

(ppb CuSO4) (Mean ± SD)

Statistical Summary
Parameter Concentration (ppb CuSO4)

EC25 12.2
EC50 14.2

NOEC 7.5
LOEC 15

TUc (100/EC25) 8.22
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1.3.3.4 A. affinis Chronic and Acute Tests 
Water Quality and Test Acceptability Criteria 
All water quality parameters were within acceptable limits throughout the 7-day test 
duration. Salinity toxicity test results are presented in Table 1-38 and reference toxicant test 
results are presented in Table 1-39.  Acute toxicity test results are presented in Table 1-40. 
 
Survival 
The average survival rate observed during testing was 88.0% for the laboratory control 
treatment.  The mean survival rates in the 37, 39, 41, 45, 60 ppt concentrations were 92.0, 
84.0, 92.0, 80.0, and 12.0%, respectively.  Statistically significant effects on survival were 
observed in the 60 ppt salinity treatment when compared to the laboratory control.  
Consequently, the NOEC for survival was 45 ppt.  The LC25 and LC50 values were 48.6 ppt 
and 52.6 ppt, respectively.  The TUC (100% / LC25) for the survival endpoint was 2.06. 
 
Biomass 
The mean biomass measured for A. affinis was 0.80 mg for the laboratory control treatment.  
The mean biomass in the 37, 39, 41, 45, 60 ppt concentrations was 0.79, 0.77, 0.87, 0.85, 
and 0.21 mg, respectively.  Statistically significant effects on biomass were observed in the 
60 ppt salinity treatment when compared to the laboratory control.  Consequently, the 
NOEC for biomass was 45 ppt.  The IC25 and IC50 values were 50.0 ppt and 55.1 ppt, and 
the TUC (100% / IC25) for the biomass endpoint was 2.0.  
 
Acute Survival 
The average 96-hour survival rate for the laboratory control treatment was 88.0%.  The 
mean acute survival rates in the 37, 39, 41, 45, 60 ppt concentrations were 92.0, 84.0, 92.0, 
80.0, and 12.0%, respectively.  Statistically significant effects on acute survival were 
observed in the 60 ppt salinity treatment relative to the laboratory control.  Consequently, 
the NOEC for acute survival was 45 ppt. The EC25 and EC50 values were 48.6 ppt and 52.7 
ppt, respectively.  The TUA (100% / EC25) for the acute survival endpoint was 2.06.  
 
Reference Toxicant Test (Copper Sulfate) 
The reference toxicant test produced an LC50 value of 117.1 ppb CuSO4 for the survival 
endpoint.  This value is within two standard deviations from the laboratory mean (115.8 ± 
52.0 ppb CuSO4), indicating normal sensitivity of the test organisms for the survival 
endpoint.  The IC50 for biomass was 140.2 ppb CuSO4.  This value is within two standard 
deviations of the laboratory mean (129.1 ± 55.2 ppb CuSO4), indicating normal sensitivity 
for the biomass endpoint. 
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Table 1-38. Phase II, Episode 2 Results: 7-day Chronic Toxicity Bioassay 
 using A. affinis 

 
 

 

 
  

Sample Information Test Parameters 
Sample Collected: Septmber 22, 2011 Concentrations (ppt): 36.5, 39, 41, 45, 60
Sample Received: September 23, 2011 Common Name: Topsmelt
Test Dates: September 27 - October 4, 2011 Test Endpoints: Survival and Growth

Test Protocol: EPA/600/R-95/136

Concentration % Survival in Replicates
(ppt) (Mean ± SD) 1 2 3 4 5
60 12.0 ± 11.0 0 20 0 20 20
45 80.0 ± 14.1 80 80 80 100 60
41 92.0 ± 11.0 100 80 80 100 100
39 84.0 ± 16.7 80 100 100 80 60

36.5 92.0 ± 11.0 80 100 100 100 80
Control 88.0 ± 11.0 80 100 80 80 100

Parameter Saline Concentration (ppt)
LC25

LC50

NOEC
LOEC

TUC (100/NOEC)

SURVIVAL ENDPOINT

Statistical Summary

48.6
52.6
45
60

2.06

Concentration (ppt) Mean Weight/Individual (mg)
0.21
0.85
0.86
0.77
0.79
0.80

Parameter Saline Concentration (ppt)
48.0
50.0
53.1
55.1
45
60

2.00

BIOMASS ENDPOINT

60
45
41
39
37

Control
 Statistical Summary

TUC (100/IC25)

IC15

IC25

IC40

IC50

NOEC
LOEC
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Table 1-39. Phase II, Episode 2 Reference Toxicant Test Results for the 7-day 
Chronic Toxicity Bioassay using A. affinis 

 

 
 

 

Sample Information Test Parameters 
Sample Collected: Septmber 22, 2011 Concentration (ppb): 25, 50, 100, 200, 400
Sample Received: September 23, 2011 Common Name: Topsmelt
Test Dates: September 27 - October 4, 2011 Test Endpoints: Survival and Growth

Test Protocol: EPA/600/R-95/136

SURVIVAL ENDPOINT
Concentration % Survival in Replicates
(ppb CuSO4) (Mean ± SD) 1 2 3 4 5

400 0.0 ± 0.0 0 0 0 0 0
200 4.0 ± 8.9 0 0 0 0 20
100 64.0 ± 26.1 20 80 80 80 60
50 100.0 ± 0.0 100 100 100 100 100
25 88.0 ± 11.0 80 100 80 100 80

Control 92.0 ± 17.9 60 100 100 100 100

Parameter Concentration (ppb CuSO4)
LC25

LC50

NOEC
LOEC

Concentration (ppb)
0.00
0.06
0.76
1.04
0.96
0.86

86.6
106.1
126.6
140.2
100
200

IC25

IC40

IC50

NOEC
LOEC

50
25

Control
 Statistical Summary

Parameter
IC15

100
200

BIOMASS ENDPOINT

400
200
100

Mean Weight/Individual (mg)

Concentration (ppb CuSO4)

Statistical Summary

95.4
117.1



West Basin Municipal Water District High-Salinity Sensitivity Study: 
 Short-and Long-Term Exposure Assessments 

 

Weston Solutions, Inc. 65 
 

Table 1-40. Phase II, Episode 2 Results: 96-hour Acute Toxicity Bioassay 
 using A. affinis 

 

 
 

 

Sample Information Test Parameters 
Sample Collected: Septmber 22, 2011 Concentrations (ppt): 36.5, 39, 41, 45, 60
Sample Received: September 23, 2011 Common Name: Topsmelt
Test Dates: September 27 - October 1, 2011 Test Endpoints: Acute survival

Test Protocol: EPA/600/R-95/136

Saline Concentration Proportion Alive
1 2 3 4 5

60 12.0 ± 11.0 0 20 0 20 20
45 80.0 ± 14.1 80 80 80 100 60
41 92.0 ± 11.0 100 80 80 100 100
39 84.0 ± 16.7 80 100 100 80 60

36.5 92.0 ± 11.0 80 100 100 100 80
Laboratory Control 88.0 ± 11.0 80 100 80 80 100

SURVIVAL ENDPOINT
Proportion Alive in Replicates

(ppt) (Mean ± SD)

Parameter Saline Concentration (ppt)
EC25 48.6
EC50 52.6

Statistical Summary

NOEC 45
LOEC 60

TUA (100/EC25) 2.06
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1.4 DISCUSSION 
All bioassays conducted adhered to the methods outlined by USEPA protocols.  Water 
quality deviations that occurred during testing were responded to with corrective actions by 
laboratory technicians, and did not prove to affect test results. Additionally, reference 
toxicant test results showed that the organisms used for each test were appropriately 
sensitive. With the exception of the topsmelt tested in Phase I, all bioassays met the 
protocol acceptance criteria for survival and sublethal response to the laboratory control 
treatment.  
 
1.4.1 ACUTE TOXICITY RESULTS 
Phase I acute toxicity testing was performed to determine what specific range of salinities 
would elicit both highly significant effects (i.e. 100% mortality) and no significant effects, and 
to identify the two most sensitive species to expose to salinities within that range during 
Phase II. As shown in Table 1-41, Phase I acute toxicity testing results indicated that C. 
stigmaeus (sand dab), with an NOEC of 51 ppt, was the least sensitive of the three species 
tested. The A. bahia (mysid shrimp) and A. affinis (topsmelt) bioassays resulted in similar 
statistical endpoint values (e.g. the NOEC for both was 42 ppt) and were, therefore, used 
for Phase II testing.  
 
As a result of the Phase I testing effects levels, the salinity test dilutions for Phase II were 
ranged from 36.5 to 50 ppt. The results of Phase II, Episodes 1 and 2, showed that the 
salinity effects on the two species were consistently similar. The mean LC50 values 
calculated from all three test episodes were 49.2 and 50.7 ppt for A. bahia and A. affinis, 
respectively. The A. affinis mean LC50 however includes a conservative estimate of 51 ppt 
for the Phase II, Episode 1 bioassay because the LC50 was greater than the highest test 
concentration of 50 ppt, and was therefore not calculable (this why the 50 ppt dilution was 
substituted with 60 ppt for Episode 2). As a result, the actual difference between the two 
would have been slightly greater, and since there was a consistent sensitivity hierarchy, A. 
bahia is considered the more sensitive acute toxicity test species. As shown in Figure 1-1, 
the lowest salinity level to elicit a statistically significant effect on acute survival during the 
Phase II definitive testing episodes was 50 ppt. The highest salinity level that did not result 
in toxic effects (NOEC) was 45 ppt. The absence of an effect at this concentration was 
shown with A. bahia in both Phase II episodes and with A. affinis in the Episode 2. 
 
1.4.2 CHRONIC TOXICITY RESULTS 
Phase I chronic toxicity testing was performed to determine what specific range of salinities 
would elicit both highly significant effects (i.e. 100% mortality) and no significant effects in 
order to develop a Phase II dilution range that would provide more definitive results. As a 
result of the Phase I testing effects levels, the salinity test dilutions for Phase II ranged from 
36.5 to 50 ppt for the three species representing trophic levels that would most likely be 
found in the brine discharge environment: A. affinis (topsmelt), A. bahia (mysid shrimp), and 
M. pyrifera (giant kelp). The S. purpuratus (purple urchin) bioassay, which was the slightly 
more sensitive of the two other species tested was also promulgated in Phase II in order to 
compare to the results of several other high salinity studies that have used this bioassay. 
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Table 1-41. Summary of Acute Toxicity Bioassay Test Results 

 
Test Organism 

 
Endpoint 

Phase I Phase II - Episode 1 Phase II - Episode 2 

EC25 EC50 NOEC LOEC EC25 EC50 NOEC LOEC EC25 EC50 NOEC LOEC 

Atherinops affinis Acute 
Survival 45.1 48.5 42 51 > 50 > 50 50 >50 48.6 52.6 45 60 

Americamysis bahia Acute 
Survival 43.8 45.5 42 51 48.1 50.7 45 50 -- 51.2 45 60 

Citharichthys stigmaeus Acute 
Survival 53.3 55.5 51 60         

 
 
 

Salinity  35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 
                              

Mysid         Lowest Observable 
Effects Concentrations 
(LOEC)  

                        
Topsmelt                   *            
Sand dab                      

                              
Mysid     No Observable Effects 

Concentrations 
(NOEC)   

              Legend 

Topsmelt                       Episode 1 sand dabs  

Sand dab                 Episode 2  

                        Episode 3 

                    * 
Estimated as there was no observed 
effect in the highest conc. (50 ppt). 

Figure 1-1.  Acute Toxicity LOEC and NOEC Species Comparisons
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As presented in Table 1-42, the results of Phase II, Episodes 1 and 2, show that the salinity 
effects were consistently least significant on A. affinis. Although the M. pyrifera bioassays 
resulted in NOEC values one dilution lower than the A. bahia bioassays, this occurred due to 
low variations from the mean commonly observed with M. pyrifera testing that result in 
differences from the control group that can be small but still statistically significant. For 
example, the percent difference in M. pyrifera germination rate between the control treatment 
and the 41 ppt treatment was only 10%, but this was a statistically significant difference 
(making it the LOEC); whereas the percent difference in A. bahia biomass between the control 
treatment and the 41 ppt treatment was 14%, yet this was not a statistically significant 
difference (making it the NOEC). The more appropriate chronic toxicity endpoint value to use 
for comparing species sensitivity is the IC50. 
 
The mean IC50 values calculated from all three test episodes for A. bahia biomass and M. 
pyrifera germ-tube growth (the two more sensitive endpoints for both species) were 46.4 and 
55 ppt, respectively. The A. affinis mean IC50, however, includes a conservative estimate of 51 
ppt for the Phase II, Episode 1 bioassay because the IC50 was greater than the highest test 
concentration of 50 ppt, which was not calculable. As a result, the actual difference between 
the two would have been even greater. Therefore, A. bahia is considered the most sensitive 
chronic toxicity test organism among the three chosen as representatives of species most likely 
to reside in the discharge environment. Figure 1-2 shows the results of the most sensitive A. 
bahia test episode (Phase II, Episode 2) and toxicity endpoint (biomass). The lowest salinity 
level to elicit a significant effect on A. bahia biomass was 45 ppt. The highest salinity level that 
did not result in statistically significant effects (NOEC) was 41 ppt. As expected, the purple 
urchin was more sensitive to the effects of high salinity than the mysid shrimp. The average 
Phase II no-effects concentration calculated for the purple urchin was 36 ppt, and the three 
episode IC50 average was 37.1 ppt. 
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Table 1-42. Summary of Chronic Toxicity Bioassay Test Results 

 
Test Organism 

 
Endpoint 

Phase I Phase II - Episode 1 Phase II - Episode 2 

EC25 EC50 NOEC TUC EC25 EC50 NOEC TUC EC25 EC50 NOEC TUC 

Americamysis bahia 
Survival 43.5 45.3 42 2.38 47.9 50.0 45 2.09 47.5 51.6 45 2.11 

Biomass 43.8 46.2 42 2.29 43.7 48.1 41 2.29 42.3 44.8 41 2.37 

Macrocystis pyrifera 
Prop Germ 51.9 54.7 42 1.93 > 50 > 50 41 2.44 48.6 56.3 39 2.06 

Growth 49.1 57.5 42 2.04 40.6 > 50 39 2.46 46.9 56.5 41 2.13 

Atherinops affinis 
Survival 45.1 48.5 42 2.22 > 50 > 50 50 2.00 48.6 52.6 45 2.06 

Biomass 45.4 51.7 42 2.20 > 50 > 50 50 2.00 50.0 55.1 45 2.00 

Strongylocentrotus 
purpuratus 

Prop Alive > 70 > 70 70 1.45 > 43 > 43 43 2.33 > 43 > 43 43 2.33 

Prop Normal 34.8 36.9 33 2.87 35.7 36.4 35 2.80 37.4 38.0 37 2.67 

Haliotis rufescens Prop Normal 35.3 37.5 33 2.84         
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Figure 1-2.  Growth Results of Most Sensitive A. bahia Bioassay (Phase II, Episode 2) 
 
 
 

NOEC: 41 ppt 

LOEC: 45 ppt 

IC50: 44.8 ppt 
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2.0 LONG-TERM EXPOSURE ASSESSMENT  

2.1 INTRODUCTION 
Based on a similar but smaller scale study performed  in support of the discharge permitting 
process for the Carlsbad Desalination Plant (Voutchkov, 2007), Weston Solutions, Inc. 
(WESTON) performed a biometric mesocosm study to assess the potential long-term 
effects of elevated salinities exhibited by discharges from the West Basin Municipal Water 
District’s desalination demonstration facility (DDF). Test subjects were aquatic organisms 
representative of faunal communities indigenous to various near-shore environments in 
Southern California. The study took place at the SeaLab Public Research Aquarium 
(SeaLab) located near the DDF in Redondo Beach, CA. The mesocosm study was also 
conducted to corroborate the results of the acute and chronic toxicity testing already 
completed to assess the “short-term” exposure effects of diluted DDF brine samples on 
various aquatic organisms. “Long-term” was chosen as the exposure qualifier for the 
mesocosm component of the study to distinguish it from the Whole Effluent Toxicity 
component that evaluated acute and chronic toxicity endpoints after “short-term” exposures. 
SeaLab provided a split-chamber, flow-through aquarium of sufficient size to house an 
assemblage of aquatic organisms representative of the regional biological community. 
These organisms were exposed to both ambient and high salinity flows in the two 
chambers, each with a capacity of 150 gallons. 
 
Several invertebrate and vertebrate species were acquired from organism providers 
permitted by the California Department of Fish and Wildlife. Equal numbers of each were 
placed in the high and ambient salinity sides of the research aquarium, and subsequently 
monitored by SeaLab technicians. The size of the chamber necessary to adequately hold 
the number of organisms acquired prohibited the use of multiple, simultaneously exposed 
replicates. Therefore, a temporal replication approach was taken whereby three eight-week 
exposure Trials were performed in succession. Each exposure Trial involved successive 
incremental increases in salinity in the elevated salinity exposure chamber, resulting in 
three two-week exposures to low (37 ppt), mid (41 or 42.5 ppt), and high (44.5 or 47.5 ppt) 
salinity levels. In an effort to avoid any confounding influence associated with acclimation in 
between each of three salinity level exposure periods, salinities in the brine exposure 
chamber were slowly reduced back to ambient salinity before being slowly raised to the next 
exposure level.  
 
The organisms in both the ambient and high salinity test chambers were monitored daily by 
SeaLab staff throughout each exposure Trial for mortalities and variations in behavior. In 
addition, sub-lethal impacts to select biological endpoints were also assessed at the end of 
the mid and high salinity exposure periods for each Trial. First, half of the adult invertebrate 
mussels or urchins were removed after the mid salinity exposure period and used to 
perform the U.S. EPA chronic toxicity bioassay that assesses embryo fertilization and/or 
development. Gametes and/or embryos harvested from adults exposed to both ambient and 
elevated salinities were placed in test vials containing either ambient seawater or water with 
an elevated salinity matching that in which the adult organisms had been exposed and then 
assessed for fertilization rate and/or embryo development success. This procedure was 
then repeated after the high salinity exposure period for all three Trials. Sub-lethal 
endpoints were also assessed using two fish species. Juvenile white sea bass and speckled 
sanddabs big enough not to be preyed on in the exposure chambers but young enough to 
exhibit noticeable growth over the eight week exposure Trials were acquired and distributed 
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equally between the two exposure chambers (10 of each on both sides). The fish were 
removed after completion of the high salinity exposure period and were measured for 
weight gain and increases in length relative to the data obtained by measuring a sub-set of 
the test population prior to study initiation. The mortality, behavior, and sub-lethal endpoint 
data are reported and discussed in the following sections. 
 
2.2 Methods 
2.2.1 TEST EXPOSURE PROCEDURES 
All testing was conducted at the SeaLab in a research aquarium partitioned into two 150-
gallon test chambers, allowing for housing and monitoring of several test organisms under 
two simultaneous salinity regimes – ambient salinity and a diluted brine flow (Figure 2-1). 
The size of the research aquarium, the limited space available at SeaLab, and the number 
of organisms desired for testing prohibited the use of multiple, simultaneously performed 
replicates. Therefore, a temporal replication approach was taken, which involved three 
eight-week exposure Trials performed in succession. Control and test dilution water for the 
mesocosm exposure Trials was collected through an open ocean, screened intake that sits 
above the abandoned once through cooling tunnel.  During each exposure Trial, the salinity 
in the diluted brine flow chamber was increased incrementally twice, resulting in three two-
week exposures to low (37 ppt), mid (41 or 42.5 ppt), and high (44.5 or 47.5 ppt) salinity 
levels.  
 
An exposure period of 14 days was chosen for each salinity level tested during all three 
exposure trials because it was assumed that visible adverse impacts to adult invertebrates 
and juvenile fish (e.g. behavior, lesions, passivity etc.) would be detectable within this 
timeframe based on previous experimentation on thermal effects of power plant discharges 
on aquatic organisms. In addition, like thermal impacts, high salinity/TDS does not exhibit 
the bioaccumulative or biotransformative properties of chemical contaminants that could 
elicit adverse impacts after longer exposures. Lastly, it was considered a conservative 
duration for simulating effects in the discharge zone where fish and mobile invertebrates 
expected to reside in King’s Harbor would not likely be exposed to a salinity plume for an 
extended period of time. 
 
The specific salinity levels were selected primarily based on results of previous studies and 
the WET testing component of this study. They were adaptively modified based on the 
results of each successive trial. The low salinity level was tied to the level shown to elicit 
chronic toxicity among echinoderms under short-term WET testing. The mid salinity was 
tied to the level shown to elicit chronic toxicity to the most sensitive species among other 
WET indicator organisms. The high salinity level was chosen as a high-end bracket in order 
to determine whether adult and juvenile organisms would demonstrate a higher tolerance. 
The high salinity level was modified after Trial 1 in an effort to better resolve a No 
Observable Effects Level (NOEL) after Trial 1 resulted in significant mortalities at 47.5 ppt. 
The mid salinity level was modified in Trial 3 in an effort to determine whether exposure to a 
salinity between 37 ppt and the previous mid salinity (42.5 ppt) would result in higher 
tolerance among gametes/embryos from organisms exposed to that level. The test dates 
and three exposure salinities for each Trial are displayed in Table 2-1. 
 



West Basin Municipal Water District High-Salinity Sensitivity Study:  
Short- and Long-Term Exposure Assessments 

 

Weston Solutions, Inc. 73 
 

      
Figure 2-1  High Salinity Study Exposure Aquarium 

 
 

Table 2-1. High Salinity Test Exposures and Duration 

Test Trial Test Dates Salinity Regime Test Salinity (ppt) 

Trial 1 
October 3, 2011 – 

November 28, 2011 

October 3 – October 17, 2011 Low 37 

October 24 – November 7, 2011 Mid 42.5 

November 14 – November 28, 2011 High 47.5 

Trial 2 
December 15, 2011 – 

February 6, 2012 

December 15 – December 29, 2011 Low 37 

January 2 – January 16, 2012 Mid 42.5 

January 23 – February 6, 2012 High 44.5 

Trial 3 
May 18, 2012 – 

July 9, 2012 

May 18 – June 1, 2012 Low 37 

June 5 – June 19, 2012 Mid 41 

June 25 – July 9, 2012 High 44.5 
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In an effort to avoid any confounding influence associated with acclimation in between each 
of three salinity level exposure periods, salinities in the brine exposure chamber were slowly 
reduced back to ambient salinity before being slowly raised to the next exposure level. The 
initial transition from ambient to the low end of the three high-salinity levels was done over a 
12-hour period. The transition to and from ambient between low and mid salinity was done 
over 24 hours, and the transition to and from ambient between mid and high salinities was 
done over 36 hours. The time spent at ambient during the two transition periods was at 
least three days. 
 
For all three trials, the water quality parameters of temperature, pH, salinity, and dissolved 
oxygen (DO) were measured with a multi-probe Point Four monitoring unit fixed to the 
aquarium so that the probes were submersed in the surface water. Data were collected with 
the Point Four “P4 Ion Input Output Network” via a real-time digital display. 
 
2.2.2 TEST ORGANISMS 
2.2.2.1 Source 
The high salinity study, long-term exposure test populations were comprised of the following 
species that were also tested during the short-term exposure testing phase: blue mussels, 
purple urchins, red abalone, and Pacific sanddabs. The ambient and high-salinity test 
populations were supplemented with various other selected species expected to occur in 
both soft and hard-bottom habitats of Southern California. A well-rounded blend of 
invertebrate and vertebrate species was achieved for each Trial. The number of individuals 
placed in each test chamber differed among test species; the number of individuals was 
dependent upon the size and type of species selected. Some species were provided from 
culturing facilities (i.e. white sea bass from Hubbs Seaworld Research Institute (HSRI), red 
abalone from the Monterey Abalone Farm, and blue mussels from the Carlsbad Aquafarm), 
whereas the rest were wild-caught and provided by suppliers permitted by the California 
Department of Fish and Game. New organisms were obtained for each of the three eight-
week exposure trials, and only adult invertebrates were used for all three trials. Fish were 
obtained as juveniles of the same age class for all three iterations in order to detect 
potential impacts on growth. As shown in Table 2-2, the test population make-up varied 
slightly by testing episode due to seasonality and culture availability.  All animals were 
depurated for 24 hours by the collectors and/or held for at least two days in flow-through 
acclimation chambers filled with intake water maintained under the same conditions as the 
control and test chambers prior to use. 
 

2.2.2.2 Feeding 
To ensure all organisms were adequately fed throughout each 8-week trial, the feeding 
regime consisted of several tactics as follows: 

• Marine aquarium food pellets provided by HSRI were used to feed the fish on a daily 
basis. 

• Macerated kelp was used to feed the echinoderms four times weekly. 

• A mixture of macerated squid, sardines, mackerel, and krill was used to feed the 
bottom dwelling invertebrates four times daily. 

• Micro-algae were used to feed the shellfish four times weekly.  
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Table 2-2. Test Organism Collection Sources and Use 

Test Species Source Trial 1 Trial 2 Trial 3 

Sanddabs Brezina and Assoiciates (Dillon Beach, CA)    

White sea bass Hubbs Seaworld (San Diego, CA)    

Rockfish Marinus Scientific (Newport Beach, CA)    

Shiner perch Marinus Scientific (Newport Beach, CA)    

Kelp perch Brezina and Associates (Dillon Beach, CA)    

Three-spined 
sticklebacks Marinus Scientific (Newport Beach, CA)    

Tube snouts Marinus Scientific (Newport Beach, CA)    

Olive snails Brezina and Associates (Dillon Beach, CA)    

Purple urchins Monterey Abalone Farm (Monterey Bay) or 
Dave Gutoff (Point Loma, San Diego, CA)    

Red abalone Monterey Abalone Farm (Monterey Bay)    

Blue mussels Carlsbad Aquafarms (Cultured in Carlsbad, CA)    

Bat stars Marinus Scientific (Newport Beach, CA)    

Sand crabs Marinus Scientific (Newport Beach, CA)    

Slender crabs Sea Lab (Redondo Beach, CA)    

Kelp crabs Sea Lab (Redondo Beach, CA)    
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2.2.2.3 Monitoring 
The health of the test organisms included in the long-term high salinity exposure 
assessment was monitored daily by SeaLab staff technicians. The aquarium and salinity 
levels were maintained and controlled by the West Basin’s DDF design contractor, Unified 
Water. Mortality and qualitative assessments of health (i.e., appearance, feeding, and 
activity) recorded for the duration of the long-term assessment. Post-exposure endpoint 
assessments were also performed to assess potential sub-lethal impacts to certain 
biological endpoints. Either or both of the two fish test species, the speckled sanddab and 
the white seabass, were exposed as juveniles, so that their growth rates (length and weight) 
could be measured and compared at the end of each Trial. Additionally, at the completion of 
the mid and high salinity exposures of each Trial, effects on reproductive health were 
evaluated with either, the purple urchin or the blue mussel. Embryo development rates were 
measured for all three Trials. Embryo fertilization rates were also measured after the mid-
salinity exposure of Trial 3. There was intent to also measure fertilization rates after the 
high-salinity exposure treatment of Trial 3; however, the urchins exposed to the high salinity 
treatment did not produce enough viable gametes to perform the fertilization bioassay.  
 
2.2.3 POST-EXPOSURE ENDPOINT ASSESSMENTS 
The sub-lethal endpoints assessed with the fish and invertebrate species are outlined in 
Table 2-3. Unexpected issues involving organism availability and health prevented 
achievement of the intended pseudo replication approach for the post-exposure endpoint 
assessments. The reason for the lack of replication for the fish effects endpoints was 
organism availability. The provider of juvenile white seabass (Hubbs Seaworld Research 
Institute) did not have these fish available at the beginning of Trial 1. The sanddabs 
acquired for Trial 3 suffered significant mortalities soon after placement in the pre-study 
holding tank. The decision to perform post-exposure embryo development bioassays was 
not made until after the Trial 1 high-salinity exposure period had begun. Therefore, there 
were no post-exposure bioassays performed after the Trial 1 mid-salinity exposure period. 
Purple urchins were chosen as the species of choice for the post-exposure embryo 
development. However, too many of the urchins succumbed during the Trial 1 high-salinity 
exposure period, and mussels were used instead. Since there was not adequate replication, 
results of each post-exposure bioassay were evaluated as individual events. 
 
 

Table 2-3. Sub-Lethal Biological Endpoints Measured 

Biological Endpoint 
Trial 1 Trial 2 Trial 3 

Mid 
Salinity 

High 
Salinity 

Mid 
Salinity 

High 
Salinity 

Mid 
Salinity 

High 
Salinity 

Sanddab growth       

White sea bass growth       

Blue mussel embryo development       

Purple urchin embryo development       

Purple urchin fertilization       
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2.2.3.1 Fish Growth 
Sanddabs and white seabass were used to assess high salinity impacts on fish growth. 
Weight and standard lengths (snout to the end of the vertebra) were measured with ten 
randomly selected fish of each species batch upon initiation of each Trial. Then another 
randomly selected ten fish were added to both the ambient and high salinity chambers. 
Weights and lengths were then measured on all surviving fish at the end of each Trial. 
White seabass of the appropriate size-class were not available at the initiation of the first 
Trial, so only the sanddabs were measured at the end of this Trial. The size difference 
between the two fish species used in Trial 3 was too great, and the sanddabs fell prey to the 
sea bass in both exposure treatments, leaving only the sea bass to measure at the end of 
this Trial. 
 

2.2.3.2 Invertebrate embryo development 
Invertebrate embryos produced from gametes spawned by adults exposed to the mid and 
high salinity solutions were subsequently assessed for normal development in high salinity 
water. Development of these embryos in ambient seawater was also assessed to evaluate 
the impact to gametes released from adults positioned within a high salinity plume into 
ambient seawater outside the influence of the plume. The mussel and urchin methods used 
to assess reproductive success are derived from U.S. EPA protocols for assessing chronic 
toxicity of effluent samples (USEPA, 2002). Spawning of the adults harvested after the mid 
and high-salinity exposure periods were induced by temperature manipulation (bivalves) or 
by injecting adult organisms with 0.5 mL of 0.5M KCl (urchin). Unfertilized eggs were 
separated from debris by filtering the suspension through an 80-um Nitex mesh screen. 
Released gametes were then combined in individual containers of filtered seawater and 
allowed to fertilize for up to one hour (urchin) or two hours (bivalves) under gentle aeration. 
Embryo stock density was estimated by counting an aliquot of dilute stock concentrate. 
Equal volumes of stock were then added to each test chamber to achieve a density of 150 - 
300 embryos/mL. The tests were run using four or five replicates for each of four 
treatments:  

1. Embryos from adults exposed to ambient seawater tested with ambient seawater 

2. Embryos from adults exposed to ambient seawater tested with diluted brine 

3. Embryos from adults exposed to elevated salinity tested with ambient seawater 

4. Embryos from adults exposed to elevated salinity tested with diluted brine 

 
The tests were performed at 16±1 (bivalves) or 15±1oC (urchin) under a 16-hour light: eight-
hour dark photoperiod. Temperature, pH, dissolved oxygen, and salinity were measured at 
test initiation and termination. After 48 hours (mussel) or 72 hours (urchin), each treatment 
replicate was preserved using a 0.5-mL formaldehyde solution. All (mussel) or the first 100 
(urchin) larvae in each replicate were counted in a Sedgwick-Rafter cell, and the total 
number of normally and abnormally developed larvae was determined. The test 
acceptability criterion for the bivalve tests is >70% lab control survival, whereas the 
acceptability criterion for the urchin test is >80% lab control survival (only normally 
developed larvae were enumerated as surviving). A reference toxicant test was also 
conducted using copper sulfate as a positive control Test. Acceptability criteria are 
presented on the following page. 
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Blue Mussel Test Acceptability Criteria 
1. Control survival must meet or exceed 70%, 
2. At least 90% normal shell development in surviving controls, 
3. MSD of <25%. 

  
Purple Urchin Test Acceptability Criteria 
1. Larval normality to equal or exceed 80% in the controls, 
2. Minimum significant difference (%MSD) is less than or equal to 20% relative to the 

controls. 
 

2.3 Results 
2.3.1 MORTALITY 
Tables 2-4 through 2-6 summarize the effects of high-salinity exposure on survival of all 
organisms exposed during the three Trials. Mortality quantified in red font indicates a 
significant difference between the ambient and elevated salinity results. Significant effects 
on survival were only observed with the red abalone and the purple urchins during the high-
salinity exposure periods. The red abalone survival was affected during the high salinity 
(47.5 ppt) exposure period of Trial 1, but not the high salinity (44.5 ppt) exposure periods for 
Trials 2 and 3. Purple urchin survival was affected by the high salinity exposure period of 
Trial 1, but less affected during the Trial 2 high salinity exposure period, and no significant 
urchin mortality occurred during the high salinity exposure period of Trial 3. Mortality and 
other observations were recorded in the benchsheets provided in Appendix B. 
 

 
Table 2-4. Mortalities Observed During Long-Term Exposure Trial #1 

Test 
Species 

Origin al 
Number of 
Organisms 

Mortalities 
Low Salinity (37 ppt) Mid Salinity (42.5 ppt) High Salinity (47.5 ppt) 

Ambient Test Ambient Test Ambient Test 

Sanddabs 10 0 1 0 0 0 0 

Rockfish 4 0 0 1 0 0 0 

Kelp perch 6 0 0 0 0 1 0 

Olive snails 12 0 0 0 0 0 0 

Purple urchins 6 1 0 0 0 0 5 

Red abalone 7 0 0 0 0 0 3 

Blue mussels 30 3 3 1 0 0 0 

Bat stars 4 0 0 0 0 0 0 

Slender crabs 2 1 0 1 2 0 0 

Red text denotes significant difference from the ambient treatment 
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Table 2-5. Mortalities Observed During Long-Term Exposure Trial #2 

Test Species 
Original 

Number of 
Organisms 

Mortalities 
Low Salinity (37 ppt) Mid Salinity (42.5 ppt) High Salinity (44.5 ppt) 
Ambient Test Ambient Test Ambient Test 

Sanddabs 10 0 0 0 0 0 0 

White seabass 10 0 0 0 0 0 0 

Rockfish 4 0 0 0 0 0 0 

Kelp perch 9 0 0 0 0 0 0 

Olive snails 24 0 0 0 0 0 0 

Tube snouts 3 0 1 0 0 1 2 

Purple urchins 30 3 3 0 1 0 3 

Red abalone 8 0 0 0 0 0 0 

Blue mussels 30 12 10 5 5 0 0 

Bat stars 4 0 0 0 0 0 0 

Sand crabs 10 0 0 0 0 0 0 

Slender crabs 1 0 0 0 1 1 - 

Red text denotes significant difference from the ambient treatment 
 

Table 2-6. Mortalities Observed During Long-Term Exposure Trial #3 

Test Species 
Original 

Number of 
Organisms 

Mortalities 
Low Salinity (37 ppt) Mid Salinity (41 ppt) High Salinity (44.5 ppt) 

Ambient Test Ambient Test Ambient Test 
Sanddabs 25 0 0 0 0 0 0 

White Sea Bass 10 0 1 0 0 0 0 
3-Spined 
Sticklebacks 3 0 0 0 0 0 0 

Rockfish 8 0 0 0 0 0 0 

Kelp perch 5 0 0 0 0 0 0 

Shiner perch 2 0 0 0 0 1 0 

Olive snails 15 0 0 0 0 0 0 

Purple urchins 34 10 6 1 1 0 0 

Red abalone 8 0 0 0 0 0 0 

Blue mussels 50 0 0 0 0 0 0 

Bat stars 4 0 0 0 0 0 0 

Kelp crabs 4 2 0 0 0 0 0 
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2.3.2 BEHAVIOR AND APPEARANCE 
Health and behavior were monitored qualitatively by biologists looking for signs of 
impairment (e.g., fish lesions, food avoidance, listlessness, urchin spine flagging, molting, 
etc.) Appendix B shows the extent of the observations.  With the exception of purple 
urchins, red abalone, and bat stars observed in the elevated salinity chamber during high 
salinity exposure periods, the behavior patterns and appearance of all organisms was 
consistent between the elevated salinity and ambient seawater treatments throughout the 
low and mid-salinity exposure periods of each Trial. The fish looked full-bodied and active 
during all three exposure periods of each Trial. All invertebrates remained intact throughout 
the low and mid-level salinity exposure periods. (i.e., no shedding limbs or degradation). 
During the high salinity exposure periods for all three elevated salinity exposures, some of 
the invertebrates seemed to be acting lethargic. A few of the purple urchins (n <5) in the 
elevated salinity chamber during the high salinity exposure periods lost spines and many 
seemed to rest in place with little spine and/or tube foot movement (see Figure 2-1). The 
urchins in the ambient seawater chamber consistently showed good tube feet extension and 
were readily grazing upon supplied kelp. The urchins, abalone and bat stars observed in the 
ambient seawater treatments during the high salinity exposure periods were able to better 
adhere to the aquarium walls than the same animals exposed to the high salinity 
treatments. The crabs and other invertebrates appeared and behaved normally in both the 
ambient and high salinity chambers throughout all three exposure periods of each Trial. 
 
2.3.3 FISH GROWTH 
The results of the fish growth measurements are presented in Table 2-7. Unless otherwise 
noted in the table, the number of fish in each exposure treatment equaled 10. Significant 
growth was measured among fish exposed to both the ambient and elevated salinity 
treatments compared to the baseline measurements for all three trials. Using the two-tailed 
Student’s t-Test, no statistically significant differences (α=0.05) in weights or lengths were 
observed between the fish exposed to the ambient and elevated salinity treatments. 

 
Table 2-7. Long-Term Exposure Fish Growth Results 

Sample 
Identification 

Trial 1 Trial 2 Trial 3 

Mean Length 
(mm +/- SD) 

Mean Weight 
(g +/- SD) 

Mean Length 
(mm +/- SD) 

Mean Weight 
(g +/- SD)) 

Mean Length 
(mm +/- SD) 

Mean Weight 
(g +/- SD) 

Pacific Sanddabs 

Baseline 52 +/- 4.7 2.6 +/- 1.2 61 +/- 9.7 2.5 +/- 1.1 NA NA 
Ambient 80 +/- 7.3 5.6 +/- 1.6 56 +/- 10 5.1 +/- 2.3 NA NA 
High Salinity 75a +/- 5.2 4.7a +/- 1.1 55b +/- 8.6 4.5b +/- 1.8 NA NA 

White Seabass 

Baseline NA NA 56 +/- 10 2.5 +/- 0.8 101 +/- 4.8 10 +/- 1.5 
Ambient NA NA 61 +/- 7.1 4.9 +/- 1.1 120d +/- 1.6 14d +/- 3.5 
High Salinity NA NA 62c +/- 3.3 4.5c +/- 1.0 112 +/- 10 12 +/- 3.5 

NA: Not Assessed 
a An extra sanddab (n=11) was recovered for the Trial 1 High Salinity treatment. 
b Only nine sanddabs were recovered for the Trial 2 High Salinity treatment.  
c  Only nine sanddabs were recovered for the Trial 2 High Salinity treatment. 
d  Only nine white seabass were recovered for the Trial 3 Ambient Salinity treatment. 
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2.3.4 INVERTEBRATE EMBRYO DEVELOPMENT 
All mussels were collected from both chambers following completion of the Trial 1 high 
salinity exposure period, and at least 12 purple urchins were collected from both the 
ambient and elevated salinity chambers after the mid-salinity and high salinity exposure 
periods of Trials 2 and 3. These organisms were transported to a commercial bioassay 
laboratory, and U.S. EPA approved embryo development bioassays were immediately 
performed. In addition, purple urchin fertilization bioassays were performed with urchins 
collected from the ambient and elevated salinity chambers after the mid-salinity exposure 
period of Trial 3. All water quality parameters measured were within acceptable limits 
throughout the 96-hour test duration of all post-exposure reproduction assessment 
bioassays. Upon test termination, the laboratory controls met the criteria for test 
acceptability for all testing. Laboratory benchsheets and statistics worksheets are provided 
in Appendix B. 
 

2.3.4.1 Trial 1 Post-Exposure Embryo Development 
No post-exposure embryo development bioassays were performed after the mid-salinity 
exposure period of Trial 1. Following completion of high salinity (47.5 ppt) exposure period, 
mussels from the ambient and elevated salinity chambers were collected and used for 
assessing embryo development under the four scenarios described in Section 2.2.3.2. 
Results of these bioassays are presented in Table 2-8. Significant effects were observed 
with embryos from adult mussels collected from the elevated salinity chamber when 
exposed to either ambient seawater (33 ppt) or high salinity (47.5 ppt) solutions. However, 
the effect was less severe in mussels embryos exposed to ambient seawater, indicating the 
potential for recovery of mussel embryos discharged in ambient seawater after adults are 
exposed to salinities above 40 ppt. 
 

Table 2-8. Long-Term High Salinity Toxicity Test Results Summary 
Blue Mussel Embryo Developmental Endpoint 

First Trial – HIGH Salinity 

Adult Treatment 
Embryo Exposure 

Salinity 
(ppt) 

Mean  
Proportion 

Normal 

Proportion Normal per Replicate 

1 2 3 4 

Ambient Exposure 
33 91.5 91.6 91.5 91.5 91.5 

47.5 0.0 0.0 0.0 0.0 0.0 

47.5 ppt Exposure 
33 59.7 75.0 16.0 68.4 79.2 

47.5 0.21 0.42 0.0 0.42 0.0 
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2.3.4.2 Trial 2 Post-Exposure Embryo Development 
Purple urchins from the mid-salinity and high salinity exposure periods were collected and 
used for assessing embryo development under the four scenarios described in Section 
2.2.3.2. Results of these bioassays are presented in Tables 2-9 and 2-10. Significant effects 
were observed with embryos from adults collected from the elevated salinity chamber after 
both the mid-salinity (42.5 ppt) and high salinity (44.5 ppt) exposure periods. With normal 
development rates of 4.4 and 0.8% observed with the ambient salinity bioassays performed 
with embryos from the adult urchins exposed to the elevated salinities, there may be some 
potential for recovery of mussel embryos discharged to ambient seawater after adults are 
exposed to salinities above 40 ppt. 

 
Table 2-9. Long-Term High Salinity Toxicity Test Results Summary 

Purple Urchin Embryo Developmental Endpoint 
Second Trial – MID Salinity 

Adult Treatment 
Embryo Exposure 

Salinity 
(ppt) 

Mean  
Prop. Normal 

Proportion Normal per Replicate 

1 2 3 4 

Ambient Exposure 
33 88.7 91.6 91.6 89.9 81.6 

42.5 0.0 0.0 0.0 0.0 0.0 

42.5 ppt Exposure 
33 4.6 7.5 5.3 2.9 2.9 

42.5 0.0 0.0 0.0 0.0 0.0 

  
Table 2-10. Long-Term High Salinity Toxicity Test Results Summary 

Purple Urchin Embryo Developmental Endpoint 
Second Trial – HIGH Salinity 

Adult Treatment 
Embryo Exposure 

Salinity 
(ppt) 

Mean  
Prop. Normal 

Proportion Normal per Replicate 

1 2 3 4 

Ambient Exposure 
33 45.0 45.3 45.0 41.9 47.8 

44.5 0.0 0.0 0.0 0.0 0.0 

44.5 ppt Exposure 
33 0.8 1.1 1.4 0.9 0.0 

44.5 0.0 0.0 0.0 0.0 0.0 

2.3.4.3 Trial 3 Post-Exposure Embryo Development and Fertilization 
Purple urchins from the mid-salinity and high salinity exposure periods were collected and 
used for assessing embryo development under the four scenarios described in Section 
2.2.3.2. Results of these bioassays are presented in Tables 2-11 and 2-12. Significant 
effects were observed with embryos from adults collected from the elevated salinity 
chamber after both the mid-salinity (41 ppt) and high salinity (44.5 ppt) exposure periods. 
There was not a statistically significant reduction in the normal development rate observed 
with the ambient salinity bioassays performed with embryos from the adult urchins exposed 
during the mid-salinity (41 ppt) exposure period. Based on the results observed for embryos 
from adults exposed to the higher mid-salinity level from Trial 2 (42.5 ppt), it appears that 
the adult exposure threshold for ensuring recovery of urchin embryos discharged to ambient 
seawater is 41 or 42 ppt.  
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Fertilization potential for gametes collected from urchins exposed during the mid-salinity 
exposure period (41 ppt) was also evaluated. The fertilization results are presented in Table 
2-13. Fertilization rates were not affected when tested with either ambient or similarly 
elevated salinity (41 ppt) levels. This single fertilization assessment bioassay seems to 
indicate that the purple urchin fertilization process is substantially more tolerant to elevated 
salinity exposures than the post-fertilization embryo development process. Budget 
constraints did not allow for additional fertilization testing or for contracting a biologist 
qualified to perform an evaluation of the possible effects on gametogenesis. 

 
Table 2-11. Long-Term High Salinity Toxicity Test Results Summary 

Purple Urchin Developmental Endpoint 
Third Trial – MID Salinity 

Adult Treatment 
Embryo Exposure 

Salinity 
(ppt) 

Mean  
Prop. Normal 

Proportion Normal per Replicate 

1 2 3 4 5 

Ambient Exposure 
33 92.8 96.9 92.9 87.7 95.7 90.8 

41 25.6 19.7 15.7 40.0 2.8 49.7 

41 ppt Exposure 
33 86.9 86.2 91.4 88.4 76.7 91.8 

41 0.0 0.0 0.0 0.0 0.0 0.0 

 
Table 2-12. Long-Term High Salinity Toxicity Test Results Summary 

Purple Urchin Embryo Developmental Endpoint 
Third Trial – HIGH Salinity 

Adult Treatment 
Embryo Exposure 

Salinity 
(ppt) 

Mean  
Prop. Normal 

Proportion Normal per Replicate 

1 2 3 4 5 

Ambient Exposure 
33 23.2 28.6 18.8 28.1 27.8 12.9 

44.5 0.0 0.0 0.0 0.0 0.0 0.0 

44.5 ppt Exposure 
33 0.0 0.0 0.0 0.0 0.0 0.0 

44.5 0.0 0.0 0.0 0.0 0.0 0.0 

 
Table 2-13. Long-Term High Salinity Toxicity Test Results Summary 

Purple Urchin Fertilization Endpoint 
Third Trial – MID Salinity 

Adult Treatment 
Embryo Exposure 

Salinity 
(ppt) 

Mean  
Prop. Normal 

Proportion Normal per Replicate 

1 2 3 4 5 

Ambient Exposure 
33 93.6 97.3 95.1 94.6 84.0 97.0 

41 82.3 81.5 82.9 84.2 76.6 86.4 

44.5 ppt Exposure 
33 92.0 100 89.6 100 95.7 74.6 

41 88.6 86.5 96.3 90.8 82.6 86.5 

 



West Basin Municipal Water District High-Salinity Sensitivity Study:  
Short- and Long-Term Exposure Assessments 

 

Weston Solutions, Inc. 84 
 

3.0 CONCLUSIONS 

The results of the HSS Study are summarized in Table 3-1. In general, the mesocosm 
component of the study demonstrated that most organisms that have matured past larval 
stages of development, especially those indigenous to the DDF discharge environment, are 
tolerant of long-term exposure to salinities at least as high as 47.5 ppt. The only exceptions 
were purple urchins and red abalone.that showed tolerance of long-term exposures as high 
as 42.5 ppt. The long-term mesocosm tolerances were greater than those observed with the 
short-term WET component of the study. The ‘no effects levels’ established by the WET 
chronic toxicity bioassays were 41 ppt for the most sensitive soft-bottom organism (mysid 
shrimp), and 36 ppt for the most sensitive hard-bottom organism (purple urchin). 
 
Long-term exposure of adult purple urchins and mussels above 41 ppt did not result in 
improved embryo-development sensitivity in elevated or ambient salinities. However, 
embryos developed normally in ambient seawater after the adults were exposed at the 41 
ppt salinity level. Additionally, the single post-exposure gamete fertilization bioassay 
performed, showed that purple urchin fertilization rates were not affected for gametes (i.e. 
pre-embryo eggs and sperm) from adults exposed to ambient or mid-salinity (41 ppt) waters 
when the gametes were subsequently exposed to ambient or 41 ppt salinities. 
 
 

Table 3-1. High Salinity Sensitivity Study Summary 

Study Component 
Observed Salinity Thresholds 

Other Significant Findings Soft-Bottom 
Organisms 

Hard-Bottom 
Organisms 

Short-Term WET  
(chronic toxicity) 41 ppt 36 ppt 

• No significant effect on urchin embryo 
development rates in ambient seawater 
when adults are first exposed to 41 ppt 
salinities. 

• Fertilization rate not effected at 41 ppt 
regardless of whether adults are previously 
exposed to this salinity. 

• Acute toxicity threshold observed with the 
WET study component = 45 ppt, which was 
observed with the mysid shrimp. 

Long-Term Mesocosm 47.5 ppt 42.5 ppt* 

* Mortality effect   
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APPENDIX A 

SHORT-TERM EXPOSURE ASSESSMENT: 
PHASE I 

  



 

 

 

 

 

 

 

 

 

Americamysis bahia Chronic Toxicity Test 

 

 

 

 

 

 

 

 

 

 

 



Test: MS-Mysid Survival, Growth and Fecundity Test Test ID: C110207.01
Species: AB-Americamysis bahia Protocol: EPAMW02-EPA/821/R-02-014
Sample ID: West Basin Brine Sample Type: EFF2-Industrial
Start Date: 2/8/2011 17:00              End Date: 2/15/2011 15:06 Lab ID: CCA-Carlsbad, Weston

Pos ID Rep Group Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Total Wgt( Tare Wgt(mWgt Count Female CoFemales w/ Eggs Notes
1 1 Control 5 5 5 5 5 5 5 5 75.52 73.71 5
2 2 Control 5 5 5 5 5 5 5 5 78.85 77.01 5
3 3 Control 5 5 5 5 5 5 5 5 68.07 66.38 5
4 4 Control 5 5 5 5 5 5 5 5 80.22 78.51 5
5 5 Control 5 5 5 5 5 5 5 5 66.2 64.58 5
6 6 Control 5 5 5 5 5 5 5 5 70.9 69 5
7 7 Control 5 5 5 5 5 5 5 4 78.94 77.29 4
8 8 Control 5 5 5 5 5 5 5 5 63.09 61.45 5
9 1 33 5 5 5 5 5 5 5 5 70.5 68.55 5

10 2 33 5 5 5 5 5 5 5 5 97.05 94.86 5
11 3 33 5 5 5 5 5 5 5 5 75.27 73.45 5
12 4 33 5 5 5 5 5 5 5 5 105.42 103.49 5
13 5 33 5 5 5 5 5 5 5 5 68.94 67.29 5
14 6 33 5 5 5 5 5 5 5 4 108.55 106.75 4
15 7 33 5 5 5 5 5 5 5 5 83 81.01 5
16 8 33 5 5 5 5 5 5 5 5 96.33 94.47 5
17 1 42 5 5 4 4 4 3 3 3 97.4 95.98 3
18 2 42 5 5 5 5 5 5 5 5 79.35 77.55 5
19 3 42 5 5 5 5 5 5 5 5 91.07 89.43 5
20 4 42 5 5 4 4 4 4 4 4 97.81 96.47 4
21 5 42 5 5 5 5 5 5 5 5 99.09 97.19 5
22 6 42 5 5 5 5 5 5 5 5 87.8 86.01 5
23 7 42 5 5 4 4 4 4 4 4 90.68 88.84 4
24 8 42 5 5 5 5 5 5 5 4 87.59 85.76 4
25 1 51 5 0 0 0 0 0 0 0 0 0 0
26 2 51 5 0 0 0 0 0 0 0 0 0 0
27 3 51 5 0 0 0 0 0 0 0 0 0 0
28 4 51 5 0 0 0 0 0 0 0 0 0 0
29 5 51 5 0 0 0 0 0 0 0 0 0 0
30 6 51 5 0 0 0 0 0 0 0 0 0 0
31 7 51 5 0 0 0 0 0 0 0 0 0 0
32 8 51 5 0 0 0 0 0 0 0 0 0 0
33 1 60 5 0 0 0 0 0 0 0 0 0 0
34 2 60 5 0 0 0 0 0 0 0 0 0 0
35 3 60 5 0 0 0 0 0 0 0 0 0 0
36 4 60 5 0 0 0 0 0 0 0 0 0 0
37 5 60 5 0 0 0 0 0 0 0 0 0 0
38 6 60 5 0 0 0 0 0 0 0 0 0 0

  Page 1 ToxCalc 5.0 Reviewed by:_____



Test: MS-Mysid Survival, Growth and Fecundity Test Test ID: C110207.01
Species: AB-Americamysis bahia Protocol: EPAMW02-EPA/821/R-02-014
Sample ID: West Basin Brine Sample Type: EFF2-Industrial
Start Date: 2/8/2011 17:00              End Date: 2/15/2011 15:06 Lab ID: CCA-Carlsbad, Weston

Pos ID Rep Group Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Total Wgt( Tare Wgt(mWgt Count Female CoFemales w/ Eggs Notes
39 7 60 5 0 0 0 0 0 0 0 0 0 0
40 8 60 5 0 0 0 0 0 0 0 0 0 0
41 1 70 5 0 0 0 0 0 0 0 0 0 0
42 2 70 5 0 0 0 0 0 0 0 0 0 0
43 3 70 5 0 0 0 0 0 0 0 0 0 0
44 4 70 5 0 0 0 0 0 0 0 0 0 0
45 5 70 5 0 0 0 0 0 0 0 0 0 0
46 6 70 5 0 0 0 0 0 0 0 0 0 0
47 7 70 5 0 0 0 0 0 0 0 0 0 0
48 8 70 5 0 0 0 0 0 0 0 0 0 0

Comments: 
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Mysid Survival, Growth and Fecundity Test-7 Day Survival
Start Date: 2/8/2011 17:00 Test ID: C110207.0127 Sample ID: West Basin Brine
End Date: 2/15/2011 15:06 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 2/7/2011 13:00 Protocol: EPAMW02-EPA/821/R-02-01Test Species: AB-Americamysis bahia
Comments:  

Conc-% 1 2 3 4 5 6 7 8
Control 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.8000 1.0000

33 1.0000 1.0000 1.0000 1.0000 1.0000 0.8000 1.0000 1.0000
42 0.6000 1.0000 1.0000 0.8000 1.0000 1.0000 0.8000 0.8000
51 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
60 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
70 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root Rank 1-Tailed Number Total
Conc-% Mean N-Mean Mean Min Max CV% N Sum Critical Resp Number

Control 0.9750 1.0000 1.3155 1.1071 1.3453 6.400 8 1 40
33 0.9750 1.0000 1.3155 1.1071 1.3453 6.400 8 68.00 49.00 1 40
42 0.8750 0.8974 1.1986 0.8861 1.3453 14.410 8 55.50 49.00 5 40
51 0.0000 0.0000 0.2255 0.2255 0.2255 0.000 8 40 40
60 0.0000 0.0000 0.2255 0.2255 0.2255 0.000 8 40 40
70 0.0000 0.0000 0.2255 0.2255 0.2255 0.000 8 40 40

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.05) 0.80605 0.916 -1.1599 1.40593
Bartlett's Test indicates equal variances (p = 0.09) 4.90246 9.21035
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test 42 51 46.2817 2.38095
Treatments vs Control

Trimmed Spearman-Karber
Trim Level EC50 95% CL

0.0% 45.260 44.325 46.215
5.0% 45.621 44.440 46.834

10.0% 45.771 43.989 47.625
20.0% 45.771 45.245 46.303

Auto-0.0% 45.260 44.325 46.215
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Mysid Survival, Growth and Fecundity Test-Growth-Weight
Start Date: 2/8/2011 17:00 Test ID: C110207.0127 Sample ID: West Basin Brine
End Date: 2/15/2011 15:06 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 2/7/2011 13:00 Protocol: EPAMW02-EPA/821/R-02-01Test Species: AB-Americamysis bahia
Comments:  

Conc-% 1 2 3 4 5 6 7 8
Control 0.3620 0.3680 0.3380 0.3420 0.3240 0.3800 0.4125 0.3280

33 0.3900 0.4380 0.3640 0.3860 0.3300 0.4500 0.3980 0.3720
42 0.4733 0.3600 0.3280 0.3350 0.3800 0.3580 0.4600 0.4575

Transform: Untransformed 1-Tailed Isotonic
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD Mean N-Mean

Control 0.3568 1.0000 0.3568 0.3240 0.4125 8.388 8 0.3806 1.0000
33 0.3910 1.0958 0.3910 0.3300 0.4500 9.941 8 -1.529 2.024 0.0453 0.3806 1.0000
42 0.3940 1.1042 0.3940 0.3280 0.4733 15.219 8 -1.662 2.024 0.0453 0.3806 1.0000

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.93954 0.916 0.38656 -0.8548
Bartlett's Test indicates equal variances (p = 0.19) 3.27866 9.21035
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU MSDu MSDp MSB MSE F-Prob df
Dunnett's Test 42 >42 2.38095 0.04527 0.12688 0.00341 0.002 0.20591 2, 21
Treatments vs Control

Linear Interpolation (200 Resamples)
Point % SD 95% CL(Exp) Skew
IC05 >42
IC10 >42
IC15 >42
IC20 >42
IC25 >42
IC40 >42
IC50 >42
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Mysid Survival, Growth and Fecundity Test-Biomass
Start Date: 2/8/2011 17:00 Test ID: C110207.0127 Sample ID: West Basin Brine
End Date: 2/15/2011 15:06 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 2/7/2011 13:00 Protocol: EPAMW02-EPA/821/R-02-01Test Species: AB-Americamysis bahia
Comments:  

Conc-% 1 2 3 4 5 6 7 8
Control 0.3620 0.3680 0.3380 0.3420 0.3240 0.3800 0.3300 0.3280

33 0.3900 0.4380 0.3640 0.3860 0.3300 0.3600 0.3980 0.3720
42 0.2840 0.3600 0.3280 0.2680 0.3800 0.3580 0.3680 0.3660
51 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
60 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
70 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Transform: Untransformed 1-Tailed Isotonic
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD Mean N-Mean

Control 0.3465 1.0000 0.3465 0.3240 0.3800 6.012 8 0.3631 1.0000
33 0.3798 1.0960 0.3798 0.3300 0.4380 8.353 8 -2.040 2.024 0.0330 0.3631 1.0000
42 0.3390 0.9784 0.3390 0.2680 0.3800 12.335 8 0.460 2.024 0.0330 0.3390 0.9336
51 0.0000 0.0000 0.0000 0.0000 0.0000 0.000 8 0.0000 0.0000
60 0.0000 0.0000 0.0000 0.0000 0.0000 0.000 8 0.0000 0.0000
70 0.0000 0.0000 0.0000 0.0000 0.0000 0.000 8 0.0000 0.0000

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.96771 0.916 -0.468 0.09779
Bartlett's Test indicates equal variances (p = 0.23) 2.98037 9.21035
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU MSDu MSDp MSB MSE F-Prob df
Dunnett's Test 42 51 46.2817 2.38095 0.033 0.09523 0.00376 0.00106 0.04732 2, 21
Treatments vs Control

Linear Interpolation (200 Resamples)
Point % SD 95% CL Skew
IC05 39.773 2.250 35.787 42.450 -0.2128
IC10 42.324 1.070 38.574 42.900 -2.1047
IC15 42.806 0.485 41.361 43.350 -2.4642
IC20 43.288 0.351 42.414 43.800 -0.7127
IC25 43.770 0.328 42.950 44.250 -0.6717
IC40 45.216 0.262 44.560 45.600 -0.6717
IC50 46.180 0.218 45.634 46.500 -0.6717
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Test: ABA-Americamysis Acute Test ID: C110207.01
Species: AB-Americamysis bahia Protocol: EPAAW02-EPA/821/R-02-012
Sample ID: West Basin Brine Sample Type: EFF2-Industrial
Start Date: 2/8/2011 17:00              End Date: 2/15/2011 15:06 Lab ID: CCA-Carlsbad, Weston

Pos ID Rep Group Start 24 Hr 48 Hr 72 Hr 96 Hr Notes
1 1 Control 5 5 5 5 5
2 2 Control 5 5 5 5 5
3 3 Control 5 5 5 5 5
4 4 Control 5 5 5 5 5
5 5 Control 5 5 5 5 5
6 6 Control 5 5 5 5 5
7 7 Control 5 5 5 5 5
8 8 Control 5 5 5 5 5
9 1 33 5 5 5 5 5

10 2 33 5 5 5 5 5
11 3 33 5 5 5 5 5
12 4 33 5 5 5 5 5
13 5 33 5 5 5 5 5
14 6 33 5 5 5 5 5
15 7 33 5 5 5 5 5
16 8 33 5 5 5 5 5
17 1 42 5 5 4 4 4
18 2 42 5 5 5 5 5
19 3 42 5 5 5 5 5
20 4 42 5 5 4 4 4
21 5 42 5 5 5 5 5
22 6 42 5 5 5 5 5
23 7 42 5 5 4 4 4
24 8 42 5 5 5 5 5
25 1 51 5 0 0 0 0
26 2 51 5 0 0 0 0
27 3 51 5 0 0 0 0
28 4 51 5 0 0 0 0
29 5 51 5 0 0 0 0
30 6 51 5 0 0 0 0
31 7 51 5 0 0 0 0
32 8 51 5 0 0 0 0
33 1 60 5 0 0 0 0
34 2 60 5 0 0 0 0
35 3 60 5 0 0 0 0
36 4 60 5 0 0 0 0
37 5 60 5 0 0 0 0
38 6 60 5 0 0 0 0
39 7 60 5 0 0 0 0
40 8 60 5 0 0 0 0
41 1 70 5 0 0 0 0
42 2 70 5 0 0 0 0
43 3 70 5 0 0 0 0
44 4 70 5 0 0 0 0
45 5 70 5 0 0 0 0
46 6 70 5 0 0 0 0
47 7 70 5 0 0 0 0
48 8 70 5 0 0 0 0

Comments: 
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Americamysis Acute-96 Hr Survival
Start Date: 2/8/2011 17:00 Test ID: C110207.0127 Sample ID: West Basin Brine
End Date: 2/15/2011 15:06 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 2/7/2011 13:00 Protocol: EPAAW02-EPA/821/R-02-01Test Species: AB-Americamysis bahia
Comments:  

Conc-% 1 2 3 4 5 6 7 8
Control 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

33 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
42 0.8000 1.0000 1.0000 0.8000 1.0000 1.0000 0.8000 1.0000
51 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
60 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
70 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root Rank 1-Tailed Number Total
Conc-% Mean N-Mean Mean Min Max CV% N Sum Critical Resp Number

Control 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 8 0 40
33 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 8 68.00 49.00 0 40
42 0.9250 0.9250 1.2560 1.1071 1.3453 9.813 8 56.00 49.00 3 40
51 0.0000 0.0000 0.2255 0.2255 0.2255 0.000 8 40 40
60 0.0000 0.0000 0.2255 0.2255 0.2255 0.000 8 40 40
70 0.0000 0.0000 0.2255 0.2255 0.2255 0.000 8 40 40

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.05) 0.721 0.916 -0.9552 1.29437
Equality of variance cannot be confirmed
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test 42 51 46.2817 2.38095
Treatments vs Control

Trimmed Spearman-Karber
Trim Level EC50 95% CL

0.0% 45.532 44.714 46.365
5.0% 45.871 44.735 47.036

10.0% 45.919 45.487 46.355
20.0% 45.919 45.487 46.355

Auto-0.0% 45.532 44.714 46.365
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Macrocystis pyrifera Chronic Toxicity Test 

 

 

 

 

 

 

 

 

 

 

 



Test: MC-Macrocystis Germination and Growth Test Test ID: C110207.01
Species: MP-Macrocystis pyrifera Protocol: EPAW 95-EPA/600/R-95/136
Sample ID: West Basin Brine Sample Type: EFF2-Industrial
Start Date: 2/8/2011 16:00              End Date: 2/10/2011 14:15 Lab ID: CCA-Carlsbad, Weston

Pos ID Rep Group Total CounNumber G L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 Cal Factor Notes
1 1 Control 100 89 7 4 5 5 7 4 5 5 5 5 2.5
2 2 Control 100 88 5 5 5 4 5 3 7 4 5 6 2.5
3 3 Control 100 92 6 3 6 5 7 5 4 5 5 4 2.5
4 4 Control 100 93 5 4 6 7 5 6 5 5 5 6 2.5
5 5 Control 100 86 5 7 8 5 4 4 6 5 6 5 2.5
6 1 33 100 86 5 4 5 6 5 5 6 8 5 4 2.5
7 2 33 100 92 5 6 5 4 5 4 4 5 4 5 2.5
8 3 33 100 93 8 6 5 4 4 6 5 3 7 5 2.5
9 4 33 100 93 6 4 5 5 7 4 5 6 5 4 2.5

10 5 33 100 90 6 5 5 7 5 7 6 5 6 5 2.5
11 1 42 100 85 5 4 5 6 7 5 5 4 6 6 2.5
12 2 42 100 88 5 5 5 6 5 5 6 5 5 6 2.5
13 3 42 100 87 5 5 5 4 6 6 5 6 4 6 2.5
14 4 42 100 86 5 4 6 6 5 5 5 5 4 4 2.5
15 5 42 100 73 5 4 5 5 4 3 6 5 5 5 2.5
16 1 51 100 75 4 5 3 4 3 3 3 5 4 4 2.5
17 2 51 100 77 3 4 4 4 3 3 4 4 3 4 2.5
18 3 51 100 71 3 3 3 4 4 4 3 4 4 4 2.5
19 4 51 100 69 4 4 3 3 3 3 4 3 3 4 2.5
20 5 51 100 73 4 4 3 3 3 3 4 4 5 3 2.5
21 1 60 100 27 2 2 2 3 2 2 2 3 2 3 2.5
22 2 60 100 25 2 2 3 2 2 2 3 2 2 2 2.5
23 3 60 100 17 2 2 2 2 2 2 2 2 2 2 2.5
24 4 60 100 24 2 2 3 2 3 2 2 3 2 2 2.5
25 5 60 100 15 2 3 2 2 2 2 3 2 2 3 2.5
26 1 70 100 0 0 0 0 0 0 0 0 0 0 0 2.5
27 2 70 100 0 0 0 0 0 0 0 0 0 0 0 2.5
28 3 70 100 0 0 0 0 0 0 0 0 0 0 0 2.5
29 4 70 100 0 0 0 0 0 0 0 0 0 0 0 2.5
30 5 70 100 0 0 0 0 0 0 0 0 0 0 0 2.5

Comments: 
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Macrocystis Germination and Growth Test-Proportion Germinated
Start Date: 2/8/2011 16:00 Test ID: C110207.0147 Sample ID: West Basin Brine
End Date: 2/10/2011 14:15 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 2/7/2011 13:00 Protocol: EPAW 95-EPA/600/R-95/136Test Species: MP-Macrocystis pyrifera
Comments:  

Conc-% 1 2 3 4 5
Control 0.8900 0.8800 0.9200 0.9300 0.8600

33 0.8600 0.9200 0.9300 0.9300 0.9000
42 0.8500 0.8800 0.8700 0.8600 0.7300
51 0.7500 0.7700 0.7100 0.6900 0.7300
60 0.2700 0.2500 0.1700 0.2400 0.1500
70 0.0000 0.0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root Rank 1-Tailed Number Total
Conc-% Mean N-Mean Mean Min Max CV% N Sum Critical Resp Number

Control 0.8960 1.0000 1.2448 1.1873 1.3030 3.843 5 52 500
33 0.9080 1.0134 1.2653 1.1873 1.3030 3.861 5 31.00 17.00 46 500
42 0.8380 0.9353 1.1608 1.0244 1.2171 6.717 5 18.00 17.00 81 500

*51 0.7300 0.8147 1.0249 0.9803 1.0706 3.482 5 15.00 17.00 135 500
*60 0.2160 0.2411 0.4809 0.3977 0.5464 13.606 5 15.00 17.00 392 500
70 0.0000 0.0000 0.0500 0.0500 0.0500 0.000 5 500 500

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.05) 0.91263 0.918 -0.9412 0.31609
Bartlett's Test indicates equal variances (p = 0.63) 2.59122 13.2767
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test 42 51 46.2817 2.38095
Treatments vs Control

Trimmed Spearman-Karber
Trim Level EC50 95% CL

0.0% 54.683 54.137 55.235
5.0% 55.261 54.690 55.838

10.0% 55.564 54.990 56.144
20.0% 55.729 55.280 56.182

Auto-0.0% 54.683 54.137 55.235
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Macrocystis Germination and Growth Test-Growth-Length
Start Date: 2/8/2011 16:00 Test ID: C110207.0147 Sample ID: West Basin Brine
End Date: 2/10/2011 14:15 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 2/7/2011 13:00 Protocol: EPAW 95-EPA/600/R-95/136Test Species: MP-Macrocystis pyrifera
Comments:  

Conc-% 1 2 3 4 5
Control 13.000 12.250 12.500 13.500 13.750

33 13.250 11.750 13.250 12.750 14.250
42 13.250 13.250 13.000 12.250 11.750
51 9.500 9.000 9.000 8.500 9.000
60 5.750 5.500 5.000 5.750 5.750
70 0.000 0.000 0.000 0.000 0.000

Transform: Untransformed 1-Tailed Isotonic
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD Mean N-Mean

Control 13.000 1.0000 13.000 12.250 13.750 4.903 5 13.025 1.0000
33 13.050 1.0038 13.050 11.750 14.250 6.960 5 -0.128 2.300 0.900 13.025 1.0000
42 12.700 0.9769 12.700 11.750 13.250 5.282 5 0.767 2.300 0.900 12.700 0.9750

*51 9.000 0.6923 9.000 8.500 9.500 3.928 5 10.226 2.300 0.900 9.000 0.6910
*60 5.550 0.4269 5.550 5.000 5.750 5.873 5 19.046 2.300 0.900 5.550 0.4261
70 0.000 0.0000 0.000 0.000 0.000 0.000 5 0.000 0.0000

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.97464 0.918 -0.3048 0.25511
Bartlett's Test indicates equal variances (p = 0.28) 5.11976 13.2767
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU MSDu MSDp MSB MSE F-Prob df
Dunnett's Test 42 51 46.2817 2.38095 0.89965 0.0692 55.2713 0.3825 1.9E-14 4, 20
Treatments vs Control

Linear Interpolation (200 Resamples)
Point % SD 95% CL(Exp) Skew
IC05 42.794 2.923 24.381 43.850 -3.4725
IC10 44.378 0.628 42.044 45.318 -1.0457
IC15 45.962 0.543 44.035 46.891 -0.7362
IC20 47.546 0.491 45.689 48.468 -0.5493
IC25 49.130 0.467 47.607 50.108 -0.2900
IC40 54.091 0.429 52.467 55.095 -0.1663
IC50 57.489 0.388 56.116 58.478 -0.2111
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Strongylocentrotus purpuratus Chronic Toxicity Test 

 

 

 

 

 

 

 

 

 

 

 































 

 

 

 

 

 

 

 

 

Haliotis rufescens Chronic Toxicity Test 

 

 

 

 

 

 

 

 

 

 

 



Test: AB-Abalone Larval Development Test Test ID: C110207.01
Species: HR-Haliotis rufescens Protocol: EPAW 95-EPA/600/R-95/136
Sample ID: West Basin Brine Sample Type: EFF2-Industrial
Start Date: 3/2/2011 14:55              End Date: 3/4/2011 16:45Lab ID: CCA-Carlsbad, Weston

Pos ID Rep Group Total Counte Number Normal Notes
1 1 Control 100 90
2 2 Control 100 89
3 3 Control 100 85
4 4 Control 100 96
5 1 33 100 93
6 2 33 100 87
7 3 33 100 91
8 4 33 100 93
9 1 42 100 0

10 2 42 100 0
11 3 42 100 0
12 4 42 100 0
13 1 51 100 0
14 2 51 100 0
15 3 51 100 0
16 4 51 100 0
17 1 60 100 0
18 2 60 100 0
19 3 60 100 0
20 4 60 100 0
21 1 70 100 0
22 2 70 100 0
23 3 70 100 0
24 4 70 100 0

Comments: 

  Page 1 ToxCalc 5.0 Reviewed by:_____



Abalone Larval Development Test-Proportion Normal
Start Date: 3/2/2011 14:55 Test ID: C110207.0144 Sample ID: West Basin Brine
End Date: 3/4/2011 16:45 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 2/7/2011 13:00 Protocol: EPAW 95-EPA/600/R-95/136Test Species: HR-Haliotis rufescens
Comments:  

Conc-% 1 2 3 4
Control 0.9000 0.8900 0.8500 0.9600

33 0.9300 0.8700 0.9100 0.9300
42 0.0000 0.0000 0.0000 0.0000
51 0.0000 0.0000 0.0000 0.0000
60 0.0000 0.0000 0.0000 0.0000
70 0.0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root 1-Tailed Isotonic
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD Mean N-Mean

Control 0.9000 1.0000 1.2561 1.1731 1.3694 6.554 4 0.9050 1.0000
33 0.9100 1.0111 1.2685 1.2019 1.3030 3.759 4 -0.262 1.943 0.0924 0.9050 1.0000
42 0.0000 0.0000 0.0500 0.0500 0.0500 0.000 4 0.0000 0.0000
51 0.0000 0.0000 0.0500 0.0500 0.0500 0.000 4 0.0000 0.0000
60 0.0000 0.0000 0.0500 0.0500 0.0500 0.000 4 0.0000 0.0000
70 0.0000 0.0000 0.0500 0.0500 0.0500 0.000 4 0.0000 0.0000

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.95649 0.818 0.51968 0.46287
F-Test indicates equal variances (p = 0.39) 2.98024 47.4683
Hypothesis Test (1-tail, 0.05) MSDu MSDp MSB MSE F-Prob df
Homoscedastic t Test indicates no significant differences 0.06099 0.06746 0.00031 0.00453 0.80232 1, 6
Treatments vs Control

Linear Interpolation (200 Resamples)
Point % SD 95% CL(Exp) Skew
IC05 33.450 0.717 32.781 33.450 -10.8724
IC10 33.900 0.099 33.276 33.900 -2.9241
IC15 34.350 0.093 33.761 34.350 -2.9241
IC20 34.800 0.088 34.245 34.800 -2.9241
IC25 35.250 0.082 34.730 35.250 -2.9241
IC40 36.600 0.066 36.184 36.600 -2.9241
IC50 37.500 0.055 37.153 37.500 -2.9241
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Abalone Larval Development Test-Proportion Normal
Start Date: 3/2/2011 14:55 Test ID: C110207.0144 Sample ID: West Basin Brine
End Date: 3/4/2011 16:45 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 2/7/2011 13:00 Protocol: EPAW 95-EPA/600/R-95/136Test Species: HR-Haliotis rufescens
Comments:  

Conc-% 1 2 3 4
Control 0.9000 0.8900 0.8500 0.9600

33 0.9300 0.8700 0.9100 0.9300
42 0.0000 0.0000 0.0000 0.0000
51 0.0000 0.0000 0.0000 0.0000
60 0.0000 0.0000 0.0000 0.0000
70 0.0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root 1-Tailed Number Total
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD Resp Number

Control 0.9000 1.0000 1.2561 1.1731 1.3694 6.554 4 40 400
33 0.9100 1.0111 1.2685 1.2019 1.3030 3.759 4 -0.262 1.943 0.0924 36 400
42 0.0000 0.0000 0.0500 0.0500 0.0500 0.000 4 400 400
51 0.0000 0.0000 0.0500 0.0500 0.0500 0.000 4 400 400
60 0.0000 0.0000 0.0500 0.0500 0.0500 0.000 4 400 400
70 0.0000 0.0000 0.0500 0.0500 0.0500 0.000 4 400 400

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.95649 0.818 0.51968 0.46287
F-Test indicates equal variances (p = 0.39) 2.98024 47.4683
Hypothesis Test (1-tail, 0.05) MSDu MSDp MSB MSE F-Prob df
Homoscedastic t Test indicates no significant differences 0.06099 0.06746 0.00031 0.00453 0.80232 1, 6
Treatments vs Control

Graphical Method
Trim Level EC50

0.0% 37.229

37.229
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Atherinops affinis Chronic Toxicity Test 

 

 

 

 

 

 

 

 

 

 

 



Test: LF-Larval Fish Growth and Survival Test Test ID: C110211.01
Species: AT-Atherinops affinis Protocol: EPAW 95-EPA/600/R-95/136
Sample ID: West Basin Brine Sample Type: EFF2-Industrial
Start Date: 4/1/2011 13:20              End Date: 4/8/2011 12:20 Lab ID: CCA-Carlsbad, Weston

Pos ID Rep Group Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Total Wgt( Tare Wgt(mWgt Count
1 1 Control 5 4 4 4 3 3 3 3 65.99 61.78 3
2 2 Control 5 3 3 3 3 3 3 3 70.55 67.03 3
3 3 Control 5 5 5 3 2 2 2 2 63.05 60.42 2
4 4 Control 5 5 5 5 5 5 5 5 123.22 118.02 5
5 5 Control 5 4 4 4 4 4 4 4 106.21 100.94 4
6 1 33 5 4 4 4 4 4 4 4 113.65 109.93 4
7 2 33 5 2 2 2 2 2 2 2 112.23 108.68 2
8 3 33 5 4 4 4 4 4 4 4 94.82 90.07 4
9 4 33 5 5 5 5 5 5 5 5 99.57 94.93 5

10 5 33 5 4 4 4 4 4 4 4 107.21 102.82 4
11 1 42 5 4 4 4 4 4 4 4 90.82 86.37 4
12 2 42 5 5 5 5 4 4 4 4 127.86 123.37 4
13 3 42 5 2 2 2 2 2 2 2 135.16 132.35 2
14 4 42 5 3 2 2 2 2 2 2 147.69 144.1 2
15 5 42 5 2 2 2 2 2 2 2 130.47 127.43 2
16 1 51 5 2 2 2 2 2 2 2 113.18 109.44 2
17 2 51 5 2 2 2 2 2 2 2 155.39 152.36 2
18 3 51 5 0 0 0 0 0 0 0 0 0 0
19 4 51 5 1 1 1 1 1 1 1 123.45 121.94 1
20 5 51 5 3 3 3 2 2 2 2 110.79 107.75 2
21 1 60 5 0 0 0 0 0 0 0 0 0 0
22 2 60 5 0 0 0 0 0 0 0 0 0 0
23 3 60 5 0 0 0 0 0 0 0 0 0 0
24 4 60 5 0 0 0 0 0 0 0 0 0 0
25 5 60 5 0 0 0 0 0 0 0 0 0 0
26 1 70 5 0 0 0 0 0 0 0 0 0 0
27 2 70 5 0 0 0 0 0 0 0 0 0 0
28 3 70 5 0 0 0 0 0 0 0 0 0 0
29 4 70 5 0 0 0 0 0 0 0 0 0 0
30 5 70 5 0 0 0 0 0 0 0 0 0 0

Comments: 
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Larval Fish Growth and Survival Test-7 Day Survival
Start Date: 4/1/2011 13:20 Test ID: C110211.0179 Sample ID: West Basin Brine
End Date: 4/8/2011 12:20 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 2/7/2011 13:00 Protocol: EPAW 95-EPA/600/R-95/136Test Species: AT-Atherinops affinis
Comments:  

Conc-% 1 2 3 4 5
Control 0.6000 0.6000 0.4000 1.0000 0.8000

33 0.8000 0.4000 0.8000 1.0000 0.8000
42 0.8000 0.8000 0.4000 0.4000 0.4000
51 0.4000 0.4000 0.0000 0.2000 0.4000
60 0.0000 0.0000 0.0000 0.0000 0.0000
70 0.0000 0.0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root 1-Tailed Number Total
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD Resp Number

Control 0.6800 1.0000 0.9819 0.6847 1.3453 25.686 5 8 25
33 0.7600 1.1176 1.0703 0.6847 1.3453 22.324 5 -0.602 2.230 0.3278 6 25
42 0.5600 0.8235 0.8537 0.6847 1.1071 27.103 5 0.872 2.230 0.3278 11 25

*51 0.2800 0.4118 0.5487 0.2255 0.6847 37.262 5 2.947 2.230 0.3278 18 25
60 0.0000 0.0000 0.2255 0.2255 0.2255 0.000 5 25 25
70 0.0000 0.0000 0.2255 0.2255 0.2255 0.000 5 25 25

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.96342 0.905 -0.1394 -0.8791
Bartlett's Test indicates equal variances (p = 0.98) 0.16647 11.3449
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU MSDu MSDp MSB MSE F-Prob df
Dunnett's Test 42 51 46.2817 2.38095 0.32124 0.46459 0.25998 0.05401 0.01418 3, 16
Treatments vs Control

Maximum Likelihood-Probit
Parameter Value SE 95% Fiducial Limits Control Chi-Sq Critical P-value Mu Sigma Iter
Slope 21.2739 7.04038 7.47472 35.073 0.32 1.93311 7.81472 0.5864 1.68597 0.04701 14
Intercept -30.867 12.0604 -54.505 -7.2287
TSCR 0.30253 0.06253 0.17998 0.42508
Point Probits % 95% Fiducial Limits
EC01 2.674 37.7238 20.4321 43.3089
EC05 3.355 40.6116 25.1387 45.4101
EC10 3.718 42.2404 28.0567 46.6037
EC15 3.964 43.376 30.2009 47.448
EC20 4.158 44.3003 32.0093 48.1481
EC25 4.326 45.109 33.6347 48.7745
EC40 4.747 47.2128 38.0155 50.5091
EC50 5.000 48.5253 40.805 51.729
EC60 5.253 49.8743 43.6229 53.1924
EC75 5.674 52.2003 47.9404 56.6517
EC80 5.842 53.1532 49.3711 58.5553
EC85 6.036 54.2859 50.8029 61.2024
EC90 6.282 55.7454 52.3152 65.1345
EC95 6.645 57.9811 54.1965 72.0161
EC99 7.326 62.4196 57.2563 87.9391
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Larval Fish Growth and Survival Test-7 Day Growth
Start Date: 4/1/2011 13:20 Test ID: C110211.0179 Sample ID: West Basin Brine
End Date: 4/8/2011 12:20 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 2/7/2011 13:00 Protocol: EPAW 95-EPA/600/R-95/136Test Species: AT-Atherinops affinis
Comments:  

Conc-% 1 2 3 4 5
Control 1.4033 1.1733 1.3150 1.0400 1.3175

33 0.9300 1.7750 1.1875 0.9280 1.0975
42 1.1125 1.1225 1.4050 1.7950 1.5200
51 1.8700 1.5150 1.5100 1.5200

Transform: Untransformed 1-Tailed Isotonic
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD Mean N-Mean

Control 1.2498 1.0000 1.2498 1.0400 1.4033 11.475 5 1.3570 1.0000
33 1.1836 0.9470 1.1836 0.9280 1.7750 29.475 5 0.407 2.343 0.3813 1.3570 1.0000
42 1.3910 1.1129 1.3910 1.1125 1.7950 20.640 5 -0.867 2.343 0.3813 1.3570 1.0000
51 1.6038 1.2832 1.6038 1.5100 1.8700 11.071 4 -2.050 2.343 0.4045 1.3570 1.0000

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.91295 0.901 1.01346 0.92938
Bartlett's Test indicates equal variances (p = 0.36) 3.22989 11.3449
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU MSDu MSDp MSB MSE F-Prob df
Bonferroni t Test 51 >51 1.96078 0.40446 0.32361 0.1513 0.06622 0.12059 3, 15
Treatments vs Control

Linear Interpolation (200 Resamples)
Point % SD 95% CL(Exp) Skew
IC05 >51
IC10 >51
IC15 >51
IC20 >51
IC25 >51
IC40 >51
IC50 >51
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Larval Fish Growth and Survival Test-7 Day Biomass
Start Date: 4/1/2011 13:20 Test ID: C110211.0179 Sample ID: West Basin Brine
End Date: 4/8/2011 12:20 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 2/7/2011 13:00 Protocol: EPAW 95-EPA/600/R-95/136Test Species: AT-Atherinops affinis
Comments:  

Conc-% 1 2 3 4 5
Control 0.8420 0.7040 0.5260 1.0400 1.0540

33 0.7440 0.7100 0.9500 0.9280 0.8780
42 0.8900 0.8980 0.5620 0.7180 0.6080
51 0.7480 0.6060 0.0000 0.3020 0.6080
60 0.0000 0.0000 0.0000 0.0000 0.0000
70 0.0000 0.0000 0.0000 0.0000 0.0000

Transform: Untransformed 1-Tailed Isotonic
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD Mean N-Mean

Control 0.8332 1.0000 0.8332 0.5260 1.0540 27.015 5 0.8376 1.0000
33 0.8420 1.0106 0.8420 0.7100 0.9500 12.926 5 -0.066 2.230 0.2970 0.8376 1.0000
42 0.7352 0.8824 0.7352 0.5620 0.8980 21.175 5 0.736 2.230 0.2970 0.7352 0.8777

*51 0.4528 0.5434 0.4528 0.0000 0.7480 66.481 5 2.856 2.230 0.2970 0.4528 0.5406
60 0.0000 0.0000 0.0000 0.0000 0.0000 0.000 5 0.0000 0.0000
70 0.0000 0.0000 0.0000 0.0000 0.0000 0.000 5 0.0000 0.0000

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.94914 0.905 -0.6101 -0.0318
Bartlett's Test indicates equal variances (p = 0.27) 3.89778 11.3449
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU MSDu MSDp MSB MSE F-Prob df
Dunnett's Test 42 51 46.2817 2.38095 0.29699 0.35644 0.16542 0.04434 0.03307 3, 16
Treatments vs Control

Linear Interpolation (200 Resamples)
Point % SD 95% CL(Exp) Skew
IC05 36.681 10.605 0.000 46.432 -1.0549
IC10 40.362 7.282 3.657 47.011 -1.7088
IC15 42.741 5.414 14.386 51.507 -1.8297
IC20 44.075 4.200 25.637 54.877 -1.4084
IC25 45.410 3.529 32.918 55.027 -0.7667
IC40 49.414 2.467 41.479 55.479 -0.1936
IC50 51.676 2.074 44.748 55.984 -0.5733
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Test: AC-Acute Fish Test Test ID: C110211.01
Species: AT-Atherinops affinis Protocol: EPAW 95-EPA/600/R-95/136
Sample ID: West Basin Brine Sample Type: EFF2-Industrial
Start Date: 4/1/2011 13:20              End Date: 4/8/2011 12:20 Lab ID: CCA-Carlsbad, Weston

Pos ID Rep Group Start 24 Hr 48 Hr 72 Hr 96 Hr Notes
1 1 Control 5 4 4 4 3
2 2 Control 5 3 3 3 3
3 3 Control 5 5 5 3 2
4 4 Control 5 5 5 5 5
5 5 Control 5 4 4 4 4
6 1 33 5 4 4 4 4
7 2 33 5 2 2 2 2
8 3 33 5 4 4 4 4
9 4 33 5 5 5 5 5

10 5 33 5 4 4 4 4
11 1 42 5 4 4 4 4
12 2 42 5 5 5 5 4
13 3 42 5 2 2 2 2
14 4 42 5 3 2 2 2
15 5 42 5 2 2 2 2
16 1 51 5 2 2 2 2
17 2 51 5 2 2 2 2
18 3 51 5 0 0 0 0
19 4 51 5 1 1 1 1
20 5 51 5 3 3 3 2
21 1 60 5 0 0 0 0
22 2 60 5 0 0 0 0
23 3 60 5 0 0 0 0
24 4 60 5 0 0 0 0
25 5 60 5 0 0 0 0
26 1 70 5 0 0 0 0
27 2 70 5 0 0 0 0
28 3 70 5 0 0 0 0
29 4 70 5 0 0 0 0
30 5 70 5 0 0 0 0

Comments: 
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Acute Fish Test-96 Hr Survival
Start Date: 4/1/2011 13:20 Test ID: C110211.0179 Sample ID: West Basin Brine
End Date: 4/8/2011 12:20 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 2/7/2011 13:00 Protocol: EPAW 95-EPA/600/R-95/136Test Species: AT-Atherinops affinis
Comments:  

Conc-% 1 2 3 4 5
Control 0.6000 0.6000 0.4000 1.0000 0.8000

33 0.8000 0.4000 0.8000 1.0000 0.8000
42 0.8000 0.8000 0.4000 0.4000 0.4000
51 0.4000 0.4000 0.0000 0.2000 0.4000
60 0.0000 0.0000 0.0000 0.0000 0.0000
70 0.0000 0.0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root 1-Tailed Number Total
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD Resp Number

Control 0.6800 1.0000 0.9819 0.6847 1.3453 25.686 5 8 25
33 0.7600 1.1176 1.0703 0.6847 1.3453 22.324 5 -0.602 2.230 0.3278 6 25
42 0.5600 0.8235 0.8537 0.6847 1.1071 27.103 5 0.872 2.230 0.3278 11 25

*51 0.2800 0.4118 0.5487 0.2255 0.6847 37.262 5 2.947 2.230 0.3278 18 25
60 0.0000 0.0000 0.2255 0.2255 0.2255 0.000 5 25 25
70 0.0000 0.0000 0.2255 0.2255 0.2255 0.000 5 25 25

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.96342 0.905 -0.1394 -0.8791
Bartlett's Test indicates equal variances (p = 0.98) 0.16647 11.3449
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU MSDu MSDp MSB MSE F-Prob df
Dunnett's Test 42 51 46.2817 2.38095 0.32124 0.46459 0.25998 0.05401 0.01418 3, 16
Treatments vs Control

Maximum Likelihood-Probit
Parameter Value SE 95% Fiducial Limits Control Chi-Sq Critical P-value Mu Sigma Iter
Slope 21.2739 7.04038 7.47472 35.073 0.32 1.93311 7.81472 0.5864 1.68597 0.04701 14
Intercept -30.867 12.0604 -54.505 -7.2287
TSCR 0.30253 0.06253 0.17998 0.42508
Point Probits % 95% Fiducial Limits
EC01 2.674 37.7238 20.4321 43.3089
EC05 3.355 40.6116 25.1387 45.4101
EC10 3.718 42.2404 28.0567 46.6037
EC15 3.964 43.376 30.2009 47.448
EC20 4.158 44.3003 32.0093 48.1481
EC25 4.326 45.109 33.6347 48.7745
EC40 4.747 47.2128 38.0155 50.5091
EC50 5.000 48.5253 40.805 51.729
EC60 5.253 49.8743 43.6229 53.1924
EC75 5.674 52.2003 47.9404 56.6517
EC80 5.842 53.1532 49.3711 58.5553
EC85 6.036 54.2859 50.8029 61.2024
EC90 6.282 55.7454 52.3152 65.1345
EC95 6.645 57.9811 54.1965 72.0161
EC99 7.326 62.4196 57.2563 87.9391
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Citharicthys stigmaeus Chronic Toxicity Test 

 

 

 

 

 

 

 

 

 

 

 



Test: AC-Acute Fish Test Test ID: C110207.01
Species: CS-Citharicthys stigmaeus Protocol: EPAAW02-EPA/821/R-02-012
Sample ID: West Basin Brine Sample Type: EFF2-Industrial
Start Date: 2/11/2011 16:01              End Date: 2/14/2011 16:01Lab ID: CCA-Carlsbad, Weston

Pos ID Rep Group Start 24 Hr 48 Hr 72 Hr 96 Hr Notes
1 1 Control 10 10 10 10 10
2 2 Control 10 10 10 10 10
3 3 Control 10 10 10 10 10
4 1 33 10 10 10 10 10
5 2 33 10 10 10 10 10
6 3 33 10 10 10 10 10
7 1 42 10 10 10 10 10
8 2 42 10 10 10 10 10
9 3 42 10 10 10 10 10

10 1 51 10 10 10 10 10
11 2 51 10 10 10 10 10
12 3 51 10 10 10 10 10
13 1 60 10 10 10 0 0
14 2 60 10 5 5 0 0
15 3 60 10 10 10 0 0
16 1 70 10 5 0 0 0
17 2 70 10 4 0 0 0
18 3 70 10 6 0 0 0

Comments: 
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Acute Fish Test-96 Hr Survival
Start Date: 2/11/2011 16:01 Test ID: C110207.0179 Sample ID: West Basin Brine
End Date: 2/14/2011 16:01 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 2/7/2011 13:00 Protocol: EPAAW02-EPA/821/R-02-01Test Species: CS-Citharicthys stigmaeus
Comments:  

Conc-% 1 2 3
Control 1.0000 1.0000 1.0000

33 1.0000 1.0000 1.0000
42 1.0000 1.0000 1.0000
51 1.0000 1.0000 1.0000
60 0.0000 0.0000 0.0000
70 0.0000 0.0000 0.0000

Transform: Arcsin Square Root Isotonic
Conc-% Mean N-Mean Mean Min Max CV% N Mean N-Mean

Control 1.0000 1.0000 1.4120 1.4120 1.4120 0.000 3 1.0000 1.0000
33 1.0000 1.0000 1.4120 1.4120 1.4120 0.000 3 1.0000 1.0000
42 1.0000 1.0000 1.4120 1.4120 1.4120 0.000 3 1.0000 1.0000
51 1.0000 1.0000 1.4120 1.4120 1.4120 0.000 3 1.0000 1.0000
60 0.0000 0.0000 0.1588 0.1588 0.1588 0.000 3 0.0000 0.0000
70 0.0000 0.0000 0.1588 0.1588 0.1588 0.000 3 0.0000 0.0000

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 1 0.859
Equality of variance cannot be confirmed

Linear Interpolation (200 Resamples)
Point % SD 95% CL(Exp) Skew
IC05 51.450 0.000 51.450 51.450 -1.0076
IC10 51.900 0.000 51.900 51.900 1.0076
IC15 52.350 0.000 52.350 52.350 -1.0076
IC20 52.800 0.000 52.800 52.800 1.0076
IC25 53.250 0.000 53.250 53.250 #DIV/0!
IC40 54.600 0.000 54.600 54.600 -1.0076
IC50 55.500 0.000 55.500 55.500 #DIV/0!

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 20 40 60 80

Dose % 

R
es

po
ns

e

Page 1 ToxCalc v5.0.23 Reviewed by:_____















 

 

 

 

 

 

 

 

APPENDIX A 

SHORT-TERM EXPOSURE ASSESSMENT: 
PHASE II, EPISODE 1 

  



 

 

 

 

 

 

 

 

 

Americamysis bahia Chronic Toxicity Test 

 

 

 

 

 

 

 

 

 

 

 



Test: MS-Mysid Survival, Growth and Fecundity Test Test ID: C110804.01
Species: AB-Americamysis bahia Protocol: USEPA98-USACE / USEPA 1998
Sample ID: 1st Pass RO Conc Sample Type: EFF2-Industrial
Start Date: 8/4/2011 16:30              End Date: 8/11/2011 14:45 Lab ID: CCA-Carlsbad, Weston

Pos ID Rep Group Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Total Wgt( Tare Wgt(mWgt Count Female CoFemales w/ Eggs Notes
1 1 Control 5 5 5 5 5 5 5 5 74.25 72.5 5
2 2 Control 5 5 5 5 5 5 5 5 57.29 55.28 5
3 3 Control 5 5 5 5 5 5 5 5 58.12 55.9 5
4 4 Control 5 5 5 5 5 5 5 5 59.36 57.56 5
5 5 Control 5 5 5 5 5 5 5 5 60.24 58.67 5
6 6 Control 5 5 5 5 5 5 5 5 58.98 57 5
7 7 Control 5 5 5 4 4 4 4 4 57.94 56.28 4
8 8 Control 5 5 5 5 5 5 5 5 59.62 56.86 5
9 1 36.5 5 5 5 5 5 5 5 5 59.1 57.56 5

10 2 36.5 5 5 5 5 5 5 5 5 58.99 56.87 5
11 3 36.5 5 5 5 4 4 4 4 4 59.39 57.32 4
12 4 36.5 5 5 5 5 5 5 5 5 57.08 55.16 5
13 5 36.5 5 4 4 4 4 4 4 4 66.74 64.7 4
14 6 36.5 5 5 5 5 5 5 5 5 67.67 65.41 5
15 7 36.5 5 5 5 5 5 5 4 4 59.74 57.69 4
16 8 36.5 5 5 5 5 5 5 5 5 67.12 65.39 5
17 1 39 5 5 5 5 5 5 5 5 60.05 58.59 5
18 2 39 5 5 5 5 5 5 5 4 60.9 59.47 4
19 3 39 5 5 5 5 5 5 5 5 61.07 59.23 5
20 4 39 5 5 5 5 5 5 5 5 59.71 57.89 5
21 5 39 5 5 4 4 3 3 3 3 60.95 58.99 3
22 6 39 5 5 5 5 5 5 5 5 60.93 58.54 5
23 7 39 5 5 5 5 5 5 5 5 62.34 60.92 5
24 8 39 5 5 5 5 5 5 5 5 68.11 65.98 5
25 1 41 5 5 5 5 5 5 5 5 60.24 57.87 5
26 2 41 5 5 5 5 5 5 5 5 61.79 59.93 5
27 3 41 5 5 4 4 4 4 4 4 60.1 58.7 4
28 4 41 5 5 5 5 5 5 5 5 78.93 77.11 5
29 5 41 5 5 5 5 5 5 5 5 76.9 75.12 5
30 6 41 5 5 5 5 5 5 5 5 61.36 59.71 5
31 7 41 5 5 5 5 5 5 4 4 60 58.52 4
32 8 41 5 5 5 5 5 5 5 5 59.21 57.58 5
33 1 45 5 5 5 5 5 5 5 5 59.44 58.31 5
34 2 45 5 5 5 5 5 5 5 5 59.58 58.22 5
35 3 45 5 5 5 5 5 5 5 5 58.29 57.1 5
36 4 45 5 5 5 5 5 5 5 5 75.19 73.56 5
37 5 45 5 5 4 4 4 4 4 4 63.43 61.75 4
38 6 45 5 4 4 4 4 4 4 4 73.56 72.2 4
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Test: MS-Mysid Survival, Growth and Fecundity Test Test ID: C110804.01
Species: AB-Americamysis bahia Protocol: USEPA98-USACE / USEPA 1998
Sample ID: 1st Pass RO Conc Sample Type: EFF2-Industrial
Start Date: 8/4/2011 16:30              End Date: 8/11/2011 14:45 Lab ID: CCA-Carlsbad, Weston

Pos ID Rep Group Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Total Wgt( Tare Wgt(mWgt Count Female CoFemales w/ Eggs Notes
39 7 45 5 5 4 3 3 3 3 3 55.94 54.92 3
40 8 45 5 5 5 5 5 5 5 5 72.95 71.6 5
41 1 50 5 5 3 2 2 1 1 1 71.77 71.48 1
42 2 50 5 5 3 3 3 3 2 2 72.63 72.08 2
43 3 50 5 4 4 3 3 3 3 3 67.35 66.65 3
44 4 50 5 5 4 5 5 4 4 4 68.26 67.35 4
45 5 50 5 5 4 4 4 4 4 4 73.19 71.95 4
46 6 50 5 4 3 3 3 3 3 3 71.48 70.77 3
47 7 50 5 3 1 1 1 1 1 1 65.59 64.29 1
48 8 50 5 5 3 2 1 1 1 1 65.03 64.6 1

Comments: West Basin Municipal Water District - Salinity Study
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Mysid Survival, Growth and Fecundity Test-7 Day Survival
Start Date: 8/4/2011 16:30 Test ID: C110804.0127 Sample ID: 1st Pass RO Conc
End Date: 8/11/2011 14:45 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 8/3/2011 13:00 Protocol: USEPA98-USACE / USEPA Test Species: AB-Americamysis bahia
Comments:  West Basin Municipal Water District - Salinity Study

Conc-% 1 2 3 4 5 6 7 8
Control 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.8000 1.0000

36.5 1.0000 1.0000 0.8000 1.0000 0.8000 1.0000 0.8000 1.0000
39 1.0000 0.8000 1.0000 1.0000 0.6000 1.0000 1.0000 1.0000
41 1.0000 1.0000 0.8000 1.0000 1.0000 1.0000 0.8000 1.0000
45 1.0000 1.0000 1.0000 1.0000 0.8000 0.8000 0.6000 1.0000
50 0.2000 0.4000 0.6000 0.8000 0.8000 0.6000 0.2000 0.2000

Transform: Arcsin Square Root Rank 1-Tailed Number Total
Conc-% Mean N-Mean Mean Min Max CV% N Sum Critical Resp Number

Control 0.9750 1.0000 1.3155 1.1071 1.3453 6.400 8 1 40
36.5 0.9250 0.9487 1.2560 1.1071 1.3453 9.813 8 60.00 46.00 3 40

39 0.9250 0.9487 1.2581 0.8861 1.3453 13.661 8 63.50 46.00 3 40
41 0.9500 0.9744 1.2857 1.1071 1.3453 8.574 8 64.00 46.00 2 40
45 0.9000 0.9231 1.2283 0.8861 1.3453 14.264 8 59.50 46.00 4 40

*50 0.4750 0.4872 0.7578 0.4636 1.1071 36.718 8 37.00 46.00 21 40

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.05) 0.88432 0.947 -0.5364 0.24787
Bartlett's Test indicates equal variances (p = 0.04) 11.9479 15.0863
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test 45 50 47.4342 2.22222
Treatments vs Control

Maximum Likelihood-Probit
Parameter Value SE 95% Fiducial Limits Control Chi-Sq Critical P-value Mu Sigma Iter
Slope 36.6603 12.9034 11.3696 61.951 0.025 0.57081 7.81472 0.90308 1.69918 0.02728 6
Intercept -57.293 21.8407 -100.1 -14.485
TSCR 0.05614 0.01847 0.01995 0.09234
Point Probits % 95% Fiducial Limits
EC01 2.674 43.2241 32.0006 45.7977
EC05 3.355 45.1144 36.682 47.0424
EC10 3.718 46.1556 39.4236 47.7534
EC15 3.964 46.8717 41.3615 48.2703
EC20 4.158 47.4488 42.938 48.7207
EC25 4.326 47.9495 44.296 49.1573
EC40 4.747 49.2347 47.4226 50.7933
EC50 5.000 50.0245 48.7178 52.5384
EC60 5.253 50.8268 49.5841 54.8522
EC75 5.674 52.1892 50.6473 59.4044
EC80 5.842 52.7399 51.0207 61.38
EC85 6.036 53.3892 51.4412 63.7883
EC90 6.282 54.2175 51.9576 66.9759
EC95 6.645 55.4689 52.7109 72.0253
EC99 7.326 57.8948 54.1171 82.6023
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Mysid Survival, Growth and Fecundity Test-Growth-Weight
Start Date: 8/4/2011 16:30 Test ID: C110804.0127 Sample ID: 1st Pass RO Conc
End Date: 8/11/2011 14:45 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 8/3/2011 13:00 Protocol: USEPA98-USACE / USEPA Test Species: AB-Americamysis bahia
Comments:  West Basin Municipal Water District - Salinity Study

Conc-% 1 2 3 4 5 6 7 8
Control 0.3500 0.4020 0.4440 0.3600 0.3140 0.3960 0.4150 0.5520

36.5 0.3080 0.4240 0.5175 0.3840 0.5100 0.4520 0.5125 0.3460
39 0.2920 0.3575 0.3680 0.3640 0.6533 0.4780 0.2840 0.4260
41 0.4740 0.3720 0.3500 0.3640 0.3560 0.3300 0.3700 0.3260
45 0.2260 0.2720 0.2380 0.3260 0.4200 0.3400 0.3400 0.2700
50 0.2900 0.2750 0.2333 0.2275 0.3100 0.2367 1.3000 0.4300

Transform: Untransformed Rank 1-Tailed Isotonic
Conc-% Mean N-Mean Mean Min Max CV% N Sum Critical Mean N-Mean

Control 0.4041 1.0000 0.4041 0.3140 0.5520 17.904 8 0.4179 1.0000
36.5 0.4318 1.0684 0.4318 0.3080 0.5175 18.656 8 74.00 46.00 0.4179 1.0000

39 0.4029 0.9969 0.4029 0.2840 0.6533 29.687 8 65.00 46.00 0.4029 0.9639
41 0.3678 0.9100 0.3678 0.3260 0.4740 12.566 8 57.00 46.00 0.3678 0.8799

*45 0.3040 0.7522 0.3040 0.2260 0.4200 21.228 8 45.00 46.00 0.3584 0.8576
50 0.4128 1.0215 0.4128 0.2275 1.3000 88.278 8 50.00 46.00 0.3584 0.8576

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.05) 0.66487 0.947 3.97934 21.943
Bartlett's Test indicates unequal variances (p = 2.35E-08) 43.9671 15.0863
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test 41 45 42.9535 2.43902
Treatments vs Control

Linear Interpolation (200 Resamples)
Point % SD 95% CL Skew
IC05 39.331
IC10 40.522
IC15 >50
IC20 >50
IC25 >50
IC40 >50
IC50 >50
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Mysid Survival, Growth and Fecundity Test-Biomass
Start Date: 8/4/2011 16:30 Test ID: C110804.0127 Sample ID: 1st Pass RO Conc
End Date: 8/11/2011 14:45 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 8/3/2011 13:00 Protocol: USEPA98-USACE / USEPA Test Species: AB-Americamysis bahia
Comments:  West Basin Municipal Water District - Salinity Study

Conc-% 1 2 3 4 5 6 7 8
Control 0.3500 0.4020 0.4440 0.3600 0.3140 0.3960 0.3320 0.5520

36.5 0.3080 0.4240 0.4140 0.3840 0.4080 0.4520 0.4100 0.3460
39 0.2920 0.2860 0.3680 0.3640 0.3920 0.4780 0.2840 0.4260
41 0.4740 0.3720 0.2800 0.3640 0.3560 0.3300 0.2960 0.3260
45 0.2260 0.2720 0.2380 0.3260 0.3360 0.2720 0.2040 0.2700
50 0.0580 0.1100 0.1400 0.1820 0.2480 0.1420 0.2600 0.0860

Transform: Untransformed 1-Tailed Isotonic
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD Mean N-Mean

Control 0.3938 1.0000 0.3938 0.3140 0.5520 19.405 8 0.3938 1.0000
36.5 0.3933 0.9987 0.3933 0.3080 0.4520 11.737 8 0.016 2.306 0.0728 0.3933 0.9987

39 0.3613 0.9175 0.3613 0.2840 0.4780 19.643 8 1.029 2.306 0.0728 0.3613 0.9175
41 0.3498 0.8883 0.3498 0.2800 0.4740 17.047 8 1.393 2.306 0.0728 0.3498 0.8883

*45 0.2680 0.6806 0.2680 0.2040 0.3360 17.148 8 3.981 2.306 0.0728 0.2680 0.6806
*50 0.1533 0.3892 0.1533 0.0580 0.2600 47.420 8 7.613 2.306 0.0728 0.1533 0.3892

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.95298 0.947 0.60673 0.03062
Bartlett's Test indicates equal variances (p = 0.66) 3.23935 15.0863
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU MSDu MSDp MSB MSE F-Prob df
Dunnett's Test 41 45 42.9535 2.43902 0.07284 0.18499 0.07024 0.00399 2.3E-09 5, 42
Treatments vs Control

Linear Interpolation (200 Resamples)
Point % SD 95% CL Skew
IC05 37.999 7.762 14.896 41.325 -1.7371
IC10 40.196 3.562 29.792 42.077 -3.4099
IC15 41.737 2.157 37.074 43.024 -2.7810
IC20 42.700 1.346 38.506 44.231 -1.1802
IC25 43.664 1.213 40.430 45.405 -0.9849
IC40 46.383 0.874 44.380 47.820 -0.5649
IC50 48.099
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Test: ABA-Americamysis Acute Test ID: C110804.01
Species: AB-Americamysis bahia Protocol: USEPA98-USACE / USEPA 1998
Sample ID: 1st Pass RO Conc Sample Type: EFF2-Industrial
Start Date: 8/4/2011 16:30              End Date: 8/11/2011 14:45 Lab ID: CCA-Carlsbad, Weston

Pos ID Rep Group Start 24 Hr 48 Hr 72 Hr 96 Hr Notes
1 1 Control 5 5 5 5 5
2 2 Control 5 5 5 5 5
3 3 Control 5 5 5 5 5
4 4 Control 5 5 5 5 5
5 5 Control 5 5 5 5 5
6 6 Control 5 5 5 5 5
7 7 Control 5 5 5 4 4
8 8 Control 5 5 5 5 5
9 1 36.5 5 5 5 5 5

10 2 36.5 5 5 5 5 5
11 3 36.5 5 5 5 4 4
12 4 36.5 5 5 5 5 5
13 5 36.5 5 4 4 4 4
14 6 36.5 5 5 5 5 5
15 7 36.5 5 5 5 5 5
16 8 36.5 5 5 5 5 5
17 1 39 5 5 5 5 5
18 2 39 5 5 5 5 5
19 3 39 5 5 5 5 5
20 4 39 5 5 5 5 5
21 5 39 5 5 4 4 3
22 6 39 5 5 5 5 5
23 7 39 5 5 5 5 5
24 8 39 5 5 5 5 5
25 1 41 5 5 5 5 5
26 2 41 5 5 5 5 5
27 3 41 5 5 4 4 4
28 4 41 5 5 5 5 5
29 5 41 5 5 5 5 5
30 6 41 5 5 5 5 5
31 7 41 5 5 5 5 5
32 8 41 5 5 5 5 5
33 1 45 5 5 5 5 5
34 2 45 5 5 5 5 5
35 3 45 5 5 5 5 5
36 4 45 5 5 5 5 5
37 5 45 5 5 4 4 4
38 6 45 5 4 4 4 4
39 7 45 5 5 4 3 3
40 8 45 5 5 5 5 5
41 1 50 5 5 3 2 2
42 2 50 5 5 3 3 3
43 3 50 5 4 4 3 3
44 4 50 5 5 4 5 5
45 5 50 5 5 4 4 4
46 6 50 5 4 3 3 3
47 7 50 5 3 1 1 1
48 8 50 5 5 3 2 1

Comments: West Basin Municipal Water District - Salinity Study
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Americamysis Acute-96 Hr Survival
Start Date: 8/4/2011 16:30 Test ID: C110804.0127 Sample ID: 1st Pass RO Conc
End Date: 8/11/2011 14:45 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 8/3/2011 13:00 Protocol: USEPA98-USACE / USEPA Test Species: AB-Americamysis bahia
Comments:  West Basin Municipal Water District - Salinity Study

Conc-% 1 2 3 4 5 6 7 8
Control 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.8000 1.0000

36.5 1.0000 1.0000 0.8000 1.0000 0.8000 1.0000 1.0000 1.0000
39 1.0000 1.0000 1.0000 1.0000 0.6000 1.0000 1.0000 1.0000
41 1.0000 1.0000 0.8000 1.0000 1.0000 1.0000 1.0000 1.0000
45 1.0000 1.0000 1.0000 1.0000 0.8000 0.8000 0.6000 1.0000
50 0.4000 0.6000 0.6000 1.0000 0.8000 0.6000 0.2000 0.2000

Transform: Arcsin Square Root Rank 1-Tailed Number Total
Conc-% Mean N-Mean Mean Min Max CV% N Sum Critical Resp Number

Control 0.9750 1.0000 1.3155 1.1071 1.3453 6.400 8 1 40
36.5 0.9500 0.9744 1.2857 1.1071 1.3453 8.574 8 64.00 46.00 2 40

39 0.9500 0.9744 1.2879 0.8861 1.3453 12.606 8 67.50 46.00 2 40
41 0.9750 1.0000 1.3155 1.1071 1.3453 6.400 8 68.00 46.00 1 40
45 0.9000 0.9231 1.2283 0.8861 1.3453 14.264 8 59.50 46.00 4 40

*50 0.5500 0.5641 0.8403 0.4636 1.3453 35.995 8 41.00 46.00 18 40

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.05) 0.81674 0.947 -0.4738 2.43158
Bartlett's Test indicates unequal variances (p = 3.98E-03) 17.2904 15.0863
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test 45 50 47.4342 2.22222
Treatments vs Control

Maximum Likelihood-Probit
Parameter Value SE 95% Fiducial Limits Control Chi-Sq Critical P-value Mu Sigma Iter
Slope 29.9659 10.2216 9.93163 50.0002 0.025 0.59258 7.81472 0.89813 1.70483 0.03337 6
Intercept -46.087 17.266 -79.928 -12.245
TSCR 0.03731 0.01574 0.00646 0.06817
Point Probits % 95% Fiducial Limits
EC01 2.674 42.3834 31.4262 45.1284
EC05 3.355 44.662 36.7236 46.6707
EC10 3.718 45.9264 39.8523 47.5755
EC15 3.964 46.7996 42.0564 48.26
EC20 4.158 47.5054 43.8207 48.8935
EC25 4.326 48.1194 45.2857 49.561
EC40 4.747 49.7021 48.1774 52.3703
EC50 5.000 50.6791 49.2393 54.9785
EC60 5.253 51.6754 50.0605 58.0211
EC75 5.674 53.375 51.2375 63.7265
EC80 5.842 54.0648 51.679 66.1857
EC85 6.036 54.8802 52.186 69.1889
EC90 6.282 55.9237 52.818 73.1797
EC95 6.645 57.5069 53.752 79.5471
EC99 7.326 60.5985 55.5178 93.0754
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Macrocystis pyrifera Chronic Toxicity Test 

 

 

 

 

 

 

 

 

 

 

 



Test: MC-Macrocystis Germination and Growth Test Test ID: C110805.01
Species: MP-Macrocystis pyrifera Protocol: USEPA98-USACE / USEPA 1998
Sample ID: 1st Pass RO Conc Sample Type: EFF2-Industrial
Start Date: 8/15/2011 13:30              End Date: 8/17/2011 13:25 Lab ID: CCA-Carlsbad, Weston

Pos ID Rep Group Total CounNumber G L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 Cal Factor Notes
1 1 Control 100 88 5 5 6 6 7 7 6 5 5 7 2.5
2 2 Control 100 83 6 5 5 5 5 5 6 8 6 5 2.5
3 3 Control 100 78 6 6 7 6 6 7 4 6 5 7 2.5
4 4 Control 100 90 5 6 4 3 6 5 5 5 5 5 2.5
5 5 Control 100 85 5 5 7 6 6 8 5 5 5 5 2.5
6 1 36.5 100 82 4 5 6 5 7 5 5 5 6 4 2.5
7 2 36.5 100 85 7 4 6 6 4 5 5 6 5 5 2.5
8 3 36.5 100 91 6 6 3 5 6 5 6 5 4 6 2.5
9 4 36.5 100 88 8 5 7 5 6 4 6 4 4 5 2.5

10 5 36.5 100 81 6 4 7 5 5 6 7 5 4 5 2.5
11 1 39 100 84 5 6 6 4 8 8 8 4 7 5 2.5
12 2 39 100 83 6 5 5 5 5 4 3 6 6 5 2.5
13 3 39 100 83 4 5 5 6 5 5 6 5 4 3 2.5
14 4 39 100 85 3 6 5 5 6 4 5 7 4 5 2.5
15 5 39 100 86 5 8 5 6 4 6 4 6 4 5 2.5
16 1 41 0 0 0 0 0 0 0 0 0 0 0 0 2.5
17 2 41 100 77 5 6 6 4 3 3 4 5 4 5 2.5
18 3 41 100 75 6 5 4 5 4 5 3 4 4 5 2.5
19 4 41 100 83 4 5 5 4 6 5 5 5 6 4 2.5
20 5 41 100 85 5 3 6 6 5 4 5 4 4 5 2.5
21 1 45 100 63 5 4 5 4 3 5 4 4 6 5 2.5
22 2 45 100 69 5 4 4 3 4 3 5 3 5 4 2.5
23 3 45 100 76 4 5 3 4 6 5 4 4 3 5 2.5
24 4 45 100 78 5 4 4 3 4 3 3 5 4 5 2.5
25 5 45 100 74 5 4 4 5 6 3 5 4 4 5 2.5
26 1 50 100 66 3 4 5 6 3 3 4 3 4 4 2.5
27 2 50 100 72 3 4 3 3 4 5 4 3 4 4 2.5
28 3 50 100 74 5 4 3 4 4 3 5 4 3 3 2.5
29 4 50 100 65 3 3 4 5 3 3 4 3 3 4 2.5
30 5 50 100 75 3 4 3 4 4 4 4 5 3 3 2.5

Comments: West Basin Municipal Water District - Salinity Study
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Macrocystis Germination and Growth Test-Proportion Germinated
Start Date: 8/15/2011 13:30 Test ID: C110805.0147 Sample ID: 1st Pass RO Conc
End Date: 8/17/2011 13:25 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 8/3/2011 13:00 Protocol: USEPA98-USACE / USEPA Test Species: MP-Macrocystis pyrifera
Comments:  West Basin Municipal Water District - Salinity Study

Conc-% 1 2 3 4 5
Control 0.8800 0.8300 0.7800 0.9000 0.8500

36.5 0.8200 0.8500 0.9100 0.8800 0.8100
39 0.8400 0.8300 0.8300 0.8500 0.8600
41 0.7700 0.7500 0.8300 0.8500
45 0.6300 0.6900 0.7600 0.7800 0.7400
50 0.6600 0.7200 0.7400 0.6500 0.7500

Transform: Arcsin Square Root 1-Tailed Isotonic
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD Mean N-Mean

Control 0.8480 1.0000 1.1735 1.0826 1.2490 5.495 5 0.8510 1.0000
36.5 0.8540 1.0071 1.1817 1.1198 1.2661 5.128 5 -0.233 2.500 0.0880 0.8510 1.0000

39 0.8420 0.9929 1.1623 1.1458 1.1873 1.548 5 0.320 2.500 0.0880 0.8420 0.9894
41 0.8000 0.9434 1.1092 1.0472 1.1731 5.398 4 1.723 2.500 0.0934 0.8000 0.9401

*45 0.7200 0.8491 1.0149 0.9169 1.0826 6.563 5 4.506 2.500 0.0880 0.7200 0.8461
*50 0.7040 0.8302 0.9964 0.9377 1.0472 5.060 5 5.030 2.500 0.0880 0.7040 0.8273

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.96643 0.926 -0.1921 -0.9011
Bartlett's Test indicates equal variances (p = 0.35) 5.53656 15.0863
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU MSDu MSDp MSB MSE F-Prob df
Bonferroni t Test 41 45 42.9535 2.43902 0.0679 0.07985 0.03378 0.0031 1.8E-05 5, 23
Treatments vs Control

Linear Interpolation (200 Resamples)
Point % SD 95% CL(Exp) Skew
IC05 40.598 1.940 34.993 43.171 -5.1161
IC10 42.705 1.076 39.517 45.309 0.1040
IC15 44.833
IC20 >50
IC25 >50
IC40 >50
IC50 >50
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Macrocystis Germination and Growth Test-Growth-Length
Start Date: 8/15/2011 13:30 Test ID: C110805.0147 Sample ID: 1st Pass RO Conc
End Date: 8/17/2011 13:25 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 8/3/2011 13:00 Protocol: USEPA98-USACE / USEPA Test Species: MP-Macrocystis pyrifera
Comments:  West Basin Municipal Water District - Salinity Study

Conc-% 1 2 3 4 5
Control 14.750 14.000 15.000 12.250 14.250

36.5 13.000 13.250 13.000 13.500 13.500
39 15.250 12.500 12.000 12.500 13.250
41 0.000 11.250 11.250 12.250 11.750
45 11.250 10.000 10.750 10.000 11.250
50 9.750 9.250 9.500 8.750 9.250

Transform: Untransformed Rank 1-Tailed Isotonic
Conc-% Mean N-Mean Mean Min Max CV% N Sum Critical Mean N-Mean

Control 14.050 1.0000 14.050 12.250 15.000 7.695 5 14.050 1.0000
36.5 13.250 0.9431 13.250 13.000 13.500 1.887 5 20.00 16.00 13.250 0.9431

39 13.100 0.9324 13.100 12.000 15.250 9.787 5 23.00 16.00 13.100 0.9324
*41 9.300 0.6619 9.300 0.000 12.250 56.079 5 15.50 16.00 9.975 0.7100
*45 10.650 0.7580 10.650 10.000 11.250 5.892 5 15.00 16.00 9.975 0.7100
*50 9.300 0.6619 9.300 8.750 9.750 3.987 5 15.00 16.00 9.300 0.6619

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.05) 0.67522 0.927 -3.1766 14.8872
Bartlett's Test indicates unequal variances (p = 6.01E-08) 41.9579 15.0863
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test 39 41 39.9875 2.5641
Treatments vs Control

Linear Interpolation (200 Resamples)
Point % SD 95% CL(Exp) Skew
IC05* 32.052 7.485 12.600 43.333 -0.3819
IC10 39.291 1.118 35.725 41.076 -2.8316
IC15 39.741 0.829 38.581 43.537 2.1545
IC20 40.190 1.581 39.146 47.879 1.7475
IC25 40.640 2.542 39.531 51.338 0.9351
IC40 >50
IC50 >50
* indicates IC estimate less than the lowest concentration
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Strongylocentrotus purpuratus Chronic Toxicity Test 

 

 

 

 

 

 

 

 

 

 

 































 

 

 

 

 

 

 

 

 

Atherinops affinis Chronic Toxicity Test 

 

 

 

 

 

 

 

 

 

 

 



Test: LF-Larval Fish Growth and Survival Test Test ID: C110804.01
Species: AT-Atherinops affinis Protocol: USEPA98-USACE / USEPA 1998
Sample ID: 1st Pass RO Conc Sample Type: EFF2-Industrial
Start Date: 8/10/2011 13:38              End Date: 8/17/2011 14:30 Lab ID: CCA-Carlsbad, Weston

Pos ID Rep Group Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Total Wgt( Tare Wgt(mWgt Count
1 1 Control 5 4 4 4 4 4 4 4 64.01 59.12 4
2 2 Control 5 5 5 5 5 5 5 5 71.07 65.99 5
3 3 Control 5 5 5 5 5 5 5 5 62.88 57.18 5
4 4 Control 5 5 5 5 5 5 5 5 62.33 57.33 5
5 5 Control 5 5 5 5 5 5 5 5 63.38 58.54 5
6 1 36.5 5 5 5 5 5 5 5 5 63.76 58.58 5
7 2 36.5 5 5 5 5 5 5 5 5 64.9 59.18 5
8 3 36.5 5 4 4 4 4 4 4 4 63.87 59.19 4
9 4 36.5 5 5 5 5 5 5 5 5 69.23 63.83 5

10 5 36.5 5 4 4 4 4 4 4 4 69.71 64.99 4
11 1 39 5 4 4 4 4 4 4 4 66.4 62.54 4
12 2 39 5 5 5 5 5 5 5 5 66.61 60.23 5
13 3 39 5 4 4 4 4 4 4 4 65.99 61.83 4
14 4 39 5 5 5 5 5 5 5 5 65.5 58.43 5
15 5 39 5 5 5 5 5 5 5 4 66.41 62.2 4
16 1 41 5 4 4 4 4 4 4 4 65.86 61.25 4
17 2 41 5 5 5 5 5 5 5 5 63.79 58.64 5
18 3 41 5 4 4 4 4 4 4 4 64.98 60.49 4
19 4 41 5 4 4 4 4 4 4 4 64.02 58.22 4
20 5 41 5 5 5 5 5 5 5 5 65.92 60.2 5
21 1 45 5 5 5 5 5 5 5 5 70.25 65.08 5
22 2 45 5 5 5 5 5 5 5 5 64.88 59.82 5
23 3 45 5 5 5 5 5 5 5 5 63.8 58.36 5
24 4 45 5 5 5 5 5 5 5 5 67.86 62.54 5
25 5 45 5 5 5 5 5 5 5 5 66.23 61.26 5
26 1 50 5 3 3 3 3 3 3 3 65 61 3
27 2 50 5 4 4 4 4 4 4 4 66.07 61.37 4
28 3 50 5 5 5 5 5 5 5 5 66.12 61.01 5
29 4 50 5 4 4 4 4 4 4 4 122.21 118.02 4
30 5 50 5 2 2 2 2 2 2 2 68.92 65.47 2

Comments: West Basin Municipal Water District - Salinity Study
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Larval Fish Growth and Survival Test-7 Day Survival
Start Date: 8/10/2011 13:38 Test ID: C110804.0163 Sample ID: 1st Pass RO Conc
End Date: 8/17/2011 14:30 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 8/3/2011 13:00 Protocol: USEPA98-USACE / USEPA Test Species: AT-Atherinops affinis
Comments:  West Basin Municipal Water District - Salinity Study

Conc-% 1 2 3 4 5
Control 0.8000 1.0000 1.0000 1.0000 1.0000

36.5 1.0000 1.0000 0.8000 1.0000 0.8000
39 0.8000 1.0000 0.8000 1.0000 0.8000
41 0.8000 1.0000 0.8000 0.8000 1.0000
45 1.0000 1.0000 1.0000 1.0000 1.0000
50 0.6000 0.8000 1.0000 0.8000 0.4000

Transform: Arcsin Square Root Rank 1-Tailed Isotonic
Conc-% Mean N-Mean Mean Min Max CV% N Sum Critical Mean N-Mean

Control 0.9600 1.0000 1.2977 1.1071 1.3453 8.207 5 0.9600 1.0000
36.5 0.9200 0.9583 1.2500 1.1071 1.3453 10.434 5 25.00 16.00 0.9200 0.9583

39 0.8800 0.9167 1.2024 1.1071 1.3453 10.848 5 22.50 16.00 0.9200 0.9583
41 0.8800 0.9167 1.2024 1.1071 1.3453 10.848 5 22.50 16.00 0.9200 0.9583
45 1.0000 1.0417 1.3453 1.3453 1.3453 0.000 5 30.00 16.00 0.9200 0.9583
50 0.7200 0.7500 1.0261 0.6847 1.3453 24.421 5 19.00 16.00 0.7200 0.7500

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.96367 0.927 -0.1982 0.79118
Equality of variance cannot be confirmed
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test 50 >50 2
Treatments vs Control

Linear Interpolation (200 Resamples)
Point % SD 95% CL(Exp) Skew
IC05 45.200
IC10 46.400
IC15 47.600
IC20 48.800
IC25 >50
IC40 >50
IC50 >50
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Larval Fish Growth and Survival Test-7 Day Growth
Start Date: 8/10/2011 13:38 Test ID: C110804.0163 Sample ID: 1st Pass RO Conc
End Date: 8/17/2011 14:30 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 8/3/2011 13:00 Protocol: USEPA98-USACE / USEPA Test Species: AT-Atherinops affinis
Comments:  West Basin Municipal Water District - Salinity Study

Conc-% 1 2 3 4 5
Control 1.2225 1.0160 1.1400 1.0000 0.9680

36.5 1.0360 1.1440 1.1700 1.0800 1.1800
39 0.9650 1.2760 1.0400 1.4140 1.0525
41 1.1525 1.0300 1.1225 1.4500 1.1440
45 1.0340 1.0120 1.0880 1.0640 0.9940
50 1.3333 1.1750 1.0220 1.0475 1.7250

Transform: Untransformed Rank 1-Tailed Isotonic
Conc-% Mean N-Mean Mean Min Max CV% N Sum Critical Mean N-Mean

Control 1.0693 1.0000 1.0693 0.9680 1.2225 10.069 5 1.1366 1.0000
36.5 1.1220 1.0493 1.1220 1.0360 1.1800 5.514 5 33.00 16.00 1.1366 1.0000

39 1.1495 1.0750 1.1495 0.9650 1.4140 16.356 5 31.00 16.00 1.1366 1.0000
41 1.1798 1.1033 1.1798 1.0300 1.4500 13.452 5 34.00 16.00 1.1366 1.0000
45 1.0384 0.9711 1.0384 0.9940 1.0880 3.668 5 27.00 16.00 1.1366 1.0000
50 1.2606 1.1789 1.2606 1.0220 1.7250 22.807 5 35.00 16.00 1.1366 1.0000

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.05) 0.9206 0.927 1.20371 2.32722
Bartlett's Test indicates unequal variances (p = 7.46E-03) 15.7916 15.0863
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test 50 >50 2
Treatments vs Control

Linear Interpolation (200 Resamples)
Point % SD 95% CL(Exp) Skew
IC05 >50
IC10 >50
IC15 >50
IC20 >50
IC25 >50
IC40 >50
IC50 >50
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Larval Fish Growth and Survival Test-7 Day Biomass
Start Date: 8/10/2011 13:38 Test ID: C110804.0163 Sample ID: 1st Pass RO Conc
End Date: 8/17/2011 14:30 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 8/3/2011 13:00 Protocol: USEPA98-USACE / USEPA Test Species: AT-Atherinops affinis
Comments:  West Basin Municipal Water District - Salinity Study

Conc-% 1 2 3 4 5
Control 0.9780 1.0160 1.1400 1.0000 0.9680

36.5 1.0360 1.1440 0.9360 1.0800 0.9440
39 0.7720 1.2760 0.8320 1.4140 0.8420
41 0.9220 1.0300 0.8980 1.1600 1.1440
45 1.0340 1.0120 1.0880 1.0640 0.9940
50 0.8000 0.9400 1.0220 0.8380 0.6900

Transform: Untransformed Rank 1-Tailed Isotonic
Conc-% Mean N-Mean Mean Min Max CV% N Sum Critical Mean N-Mean

Control 1.0204 1.0000 1.0204 0.9680 1.1400 6.804 5 1.0290 1.0000
36.5 1.0280 1.0074 1.0280 0.9360 1.1440 8.666 5 28.00 16.00 1.0290 1.0000

39 1.0272 1.0067 1.0272 0.7720 1.4140 28.758 5 25.00 16.00 1.0290 1.0000
41 1.0308 1.0102 1.0308 0.8980 1.1600 11.780 5 29.00 16.00 1.0290 1.0000
45 1.0384 1.0176 1.0384 0.9940 1.0880 3.668 5 32.00 16.00 1.0290 1.0000
50 0.8580 0.8408 0.8580 0.6900 1.0220 14.927 5 19.00 16.00 0.8580 0.8339

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.96872 0.927 0.66758 1.23852
Bartlett's Test indicates unequal variances (p = 4.95E-03) 16.7714 15.0863
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test 50 >50 2
Treatments vs Control

Linear Interpolation (200 Resamples)
Point % SD 95% CL(Exp) Skew
IC05 46.505 4.244 32.022 48.259 -2.4466
IC10 48.009
IC15 49.514
IC20 >50
IC25 >50
IC40 >50
IC50 >50
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Larval Fish Growth and Survival Test-7 Day Biomass
Start Date: 8/10/2011 13:38 Test ID: C110804.0163 Sample ID: 1st Pass RO Conc
End Date: 8/17/2011 14:30 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 8/3/2011 13:00 Protocol: USEPA98-USACE / USEPA Test Species: AT-Atherinops affinis
Comments:  West Basin Municipal Water District - Salinity Study ** for MSDp Only **

Conc-% 1 2 3 4 5
Control 0.9780 1.0160 1.1400 1.0000 0.9680

36.5 1.0360 1.1440 0.9360 1.0800 0.9440
39 0.7720 1.2760 0.8320 1.4140 0.8420
41 0.9220 1.0300 0.8980 1.1600 1.1440
45 1.0340 1.0120 1.0880 1.0640 0.9940
50 0.8000 0.9400 1.0220 0.8380 0.6900

Transform: Untransformed 1-Tailed Isotonic
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD Mean N-Mean

Control 1.0204 1.0000 1.0204 0.9680 1.1400 6.804 5 1.0290 1.0000
36.5 1.0280 1.0074 1.0280 0.9360 1.1440 8.666 5 -0.081 2.360 0.2219 1.0290 1.0000

39 1.0272 1.0067 1.0272 0.7720 1.4140 28.758 5 -0.072 2.360 0.2219 1.0290 1.0000
41 1.0308 1.0102 1.0308 0.8980 1.1600 11.780 5 -0.111 2.360 0.2219 1.0290 1.0000
45 1.0384 1.0176 1.0384 0.9940 1.0880 3.668 5 -0.191 2.360 0.2219 1.0290 1.0000
50 0.8580 0.8408 0.8580 0.6900 1.0220 14.927 5 1.727 2.360 0.2219 0.8580 0.8339

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.96872 0.927 0.66758 1.23852
Bartlett's Test indicates unequal variances (p = 4.95E-03) 16.7714 15.0863
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU MSDu MSDp MSB MSE F-Prob df
Dunnett's Test 50 >50 2 0.2219 0.21747 0.02453 0.0221 0.38145 5, 24
Treatments vs Control

Linear Interpolation (200 Resamples)
Point % SD 95% CL(Exp) Skew
IC05 46.505 4.074 27.734 47.851 -2.3851
IC10 48.009
IC15 49.514
IC20 >50
IC25 >50
IC40 >50
IC50 >50
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Test: AC-Acute Fish Test Test ID: C110804.01
Species: AT-Atherinops affinis Protocol: USEPA98-USACE / USEPA 1998
Sample ID: 1st Pass RO Conc Sample Type: EFF2-Industrial
Start Date: 8/10/2011 13:38              End Date: 8/17/2011 14:30Lab ID: CCA-Carlsbad, Weston

Pos ID Rep Group Start 24 Hr 48 Hr 72 Hr 96 Hr Notes
1 1 Control 5 4 4 4 4
2 2 Control 5 5 5 5 5
3 3 Control 5 5 5 5 5
4 4 Control 5 5 5 5 5
5 5 Control 5 5 5 5 5
6 1 36.5 5 5 5 5 5
7 2 36.5 5 5 5 5 5
8 3 36.5 5 4 4 4 4
9 4 36.5 5 5 5 5 5

10 5 36.5 5 4 4 4 4
11 1 39 5 4 4 4 4
12 2 39 5 5 5 5 5
13 3 39 5 4 4 4 4
14 4 39 5 5 5 5 5
15 5 39 5 5 5 5 5
16 1 41 5 4 4 4 4
17 2 41 5 5 5 5 5
18 3 41 5 4 4 4 4
19 4 41 5 4 4 4 4
20 5 41 5 5 5 5 5
21 1 45 5 5 5 5 5
22 2 45 5 5 5 5 5
23 3 45 5 5 5 5 5
24 4 45 5 5 5 5 5
25 5 45 5 5 5 5 5
26 1 50 5 3 3 3 3
27 2 50 5 4 4 4 4
28 3 50 5 5 5 5 5
29 4 50 5 4 4 4 4
30 5 50 5 2 2 2 2

Comments: West Basin Municipal Water District - Salinity Study
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Acute Fish Test-96 Hr Survival
Start Date: 8/10/2011 13:38 Test ID: C110804.0163 Sample ID: 1st Pass RO Conc
End Date: 8/17/2011 14:30 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 8/3/2011 13:00 Protocol: USEPA98-USACE / USEPA Test Species: AT-Atherinops affinis
Comments:  West Basin Municipal Water District - Salinity Study

Conc-% 1 2 3 4 5
Control 0.8000 1.0000 1.0000 1.0000 1.0000

36.5 1.0000 1.0000 0.8000 1.0000 0.8000
39 0.8000 1.0000 0.8000 1.0000 1.0000
41 0.8000 1.0000 0.8000 0.8000 1.0000
45 1.0000 1.0000 1.0000 1.0000 1.0000
50 0.6000 0.8000 1.0000 0.8000 0.4000

Transform: Arcsin Square Root Rank 1-Tailed Isotonic
Conc-% Mean N-Mean Mean Min Max CV% N Sum Critical Mean N-Mean

Control 0.9600 1.0000 1.2977 1.1071 1.3453 8.207 5 0.9600 1.0000
36.5 0.9200 0.9583 1.2500 1.1071 1.3453 10.434 5 25.00 16.00 0.9300 0.9688

39 0.9200 0.9583 1.2500 1.1071 1.3453 10.434 5 25.00 16.00 0.9300 0.9688
41 0.8800 0.9167 1.2024 1.1071 1.3453 10.848 5 22.50 16.00 0.9300 0.9688
45 1.0000 1.0417 1.3453 1.3453 1.3453 0.000 5 30.00 16.00 0.9300 0.9688
50 0.7200 0.7500 1.0261 0.6847 1.3453 24.421 5 19.00 16.00 0.7200 0.7500

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.9444 0.927 -0.3038 0.79118
Equality of variance cannot be confirmed
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test 50 >50 2
Treatments vs Control

Linear Interpolation (200 Resamples)
Point % SD 95% CL(Exp) Skew
IC05 45.429
IC10 46.571
IC15 47.714
IC20 48.857
IC25 >50
IC40 >50
IC50 >50
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APPENDIX A 

SHORT-TERM EXPOSURE ASSESSMENT: 
PHASE II, EPISODE 2 

  



 

 

 

 

 

 

 

 

 

Americamysis bahia Chronic Toxicity Test 

 

 

 

 

 

 

 

 

 

 

 



Test: MS-Mysid Survival, Growth and Fecundity Test Test ID: C110923.01
Species: MY-Mysidopsis bahia Protocol: USEPA98-USACE / USEPA 1998
Sample ID: 1st Pass RO Conc Sample Type: EFF2-Industrial
Start Date: 10/19/2011 12:13              End Date: 10/26/2011 11:05 Lab ID: CCA-Carlsbad, Weston

Pos ID Rep Group Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Total Wgt( Tare Wgt(mWgt Count Female CoFemales w/ Eggs Notes
1 1 Control 5 5 5 5 5 5 5 4 111.03 108.96 4
2 2 Control 5 5 5 5 5 5 5 5 116.44 114.27 5
3 3 Control 5 5 5 5 5 5 5 5 102.24 99.58 5
4 4 Control 5 5 5 5 5 5 5 5 127.41 125.49 5
5 5 Control 5 5 5 5 5 5 5 5 125.74 123.46 5
6 6 Control 5 5 5 5 5 5 5 5 111.99 109.95 5
7 7 Control 5 5 5 5 5 5 5 5 133.33 131.34 5
8 8 Control 5 5 5 5 5 5 5 5 155.91 153.97 5
9 1 36.5 5 5 5 5 5 5 5 5 153.73 152.05 5

10 2 36.5 5 5 5 5 5 5 5 4 151.24 148.39 4
11 3 36.5 5 5 5 5 5 5 5 5 142.13 140.68 5
12 4 36.5 5 5 5 5 5 5 5 5 92.59 90.55 5
13 5 36.5 5 5 5 5 5 5 5 4 105.29 103.89 4
14 6 36.5 5 5 5 5 5 5 5 5 119.55 117.46 5
15 7 36.5 5 5 5 5 5 5 5 5 113.42 110.94 5
16 8 36.5 5 5 5 5 5 5 5 5 114.85 111.98 5
17 1 39 5 5 5 5 5 5 5 5 111.01 108.35 5
18 2 39 5 5 5 5 5 5 5 5 126.13 124.43 5
19 3 39 5 5 5 5 5 5 5 4 126.01 124.29 4
20 4 39 5 5 5 5 5 5 5 5 120.26 118.45 5
21 5 39 5 5 5 5 5 5 5 5 117.37 115.18 5
22 6 39 5 5 5 5 5 5 5 5 106.22 104.78 5
23 7 39 5 5 5 5 5 5 5 5 102 100.19 5
24 8 39 5 5 5 5 5 5 5 5 116.52 114.18 5
25 1 41 5 5 5 5 5 5 5 5 125.06 122.83 5
26 2 41 5 5 5 5 5 5 5 5 113.1 111.35 5
27 3 41 5 5 5 5 5 5 4 4 98.99 97.25 4
28 4 41 5 5 5 5 5 5 5 5 102.34 99.95 5
29 5 41 5 5 5 5 5 5 5 5 114.19 111.89 5
30 6 41 5 5 5 5 5 5 5 5 86.12 84.46 5
31 7 41 5 5 5 5 5 5 5 5 129.86 128.24 5
32 8 41 5 5 5 5 5 5 5 5 94 92.75 5
33 1 45 5 5 5 5 5 5 4 4 100.74 99.69 4
34 2 45 5 5 4 4 4 4 4 4 100.78 99.7 4
35 3 45 5 5 5 5 5 5 5 5 98.53 97.45 5
36 4 45 5 5 5 5 5 5 5 4 92.75 91.79 4
37 5 45 5 4 4 4 4 4 4 4 105.61 104.82 4
38 6 45 5 4 4 4 4 4 4 4 103.78 102.84 4
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Test: MS-Mysid Survival, Growth and Fecundity Test Test ID: C110923.01
Species: MY-Mysidopsis bahia Protocol: USEPA98-USACE / USEPA 1998
Sample ID: 1st Pass RO Conc Sample Type: EFF2-Industrial
Start Date: 10/19/2011 12:13              End Date: 10/26/2011 11:05 Lab ID: CCA-Carlsbad, Weston

Pos ID Rep Group Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Total Wgt( Tare Wgt(mWgt Count Female CoFemales w/ Eggs Notes
39 7 45 5 5 5 5 5 5 5 5 109.99 108.72 5
40 8 45 5 5 5 5 5 5 5 5 114.79 113.76 5
41 1 60 5 0 0 0 0 0 0 0 0 0 0
42 2 60 5 0 0 0 0 0 0 0 0 0 0
43 3 60 5 0 0 0 0 0 0 0 0 0 0
44 4 60 5 0 0 0 0 0 0 0 0 0 0
45 5 60 5 0 0 0 0 0 0 0 0 0 0
46 6 60 5 0 0 0 0 0 0 0 0 0 0
47 7 60 5 0 0 0 0 0 0 0 0 0 0
48 8 60 5 0 0 0 0 0 0 0 0 0 0

Comments: West Basin Municipal Water District - Salinity Study
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Mysid Survival, Growth and Fecundity Test-7 Day Survival
Start Date: 10/19/2011 12:13 Test ID: C110923.0127 Sample ID: 1st Pass RO Conc
End Date: 10/26/2011 11:05 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: Protocol: USEPA98-USACE / USEPA Test Species: MY-Mysidopsis bahia
Comments:  West Basin Municipal Water District - Salinity Study

Conc-% 1 2 3 4 5 6 7 8
Control 0.8000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

36.5 1.0000 0.8000 1.0000 1.0000 0.8000 1.0000 1.0000 1.0000
39 1.0000 1.0000 0.8000 1.0000 1.0000 1.0000 1.0000 1.0000
41 1.0000 1.0000 0.8000 1.0000 1.0000 1.0000 1.0000 1.0000
45 0.8000 0.8000 1.0000 0.8000 0.8000 0.8000 1.0000 1.0000
60 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root Rank 1-Tailed Isotonic
Conc-% Mean N-Mean Mean Min Max CV% N Sum Critical Mean N-Mean

Control 0.9750 1.0000 1.3155 1.1071 1.3453 6.400 8 0.9750 1.0000
36.5 0.9500 0.9744 1.2857 1.1071 1.3453 8.574 8 64.00 47.00 0.9667 0.9915

39 0.9750 1.0000 1.3155 1.1071 1.3453 6.400 8 68.00 47.00 0.9667 0.9915
41 0.9750 1.0000 1.3155 1.1071 1.3453 6.400 8 68.00 47.00 0.9667 0.9915
45 0.8750 0.8974 1.1964 1.1071 1.3453 10.301 8 52.00 47.00 0.8750 0.8974
60 0.0000 0.0000 0.2255 0.2255 0.2255 0.000 8 0.0000 0.0000

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.05) 0.79041 0.94 -1.0064 0.5159
Bartlett's Test indicates equal variances (p = 0.76) 1.84166 13.2767
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test 45 60 51.9615 2.22222
Treatments vs Control

Linear Interpolation (200 Resamples)
Point % SD 95% CL Skew
IC05 42.764 2.939 31.286 45.109 -3.6850
IC10 44.891 1.006 42.593 45.893 -0.3338
IC15 45.793 0.627 44.293 46.677 -0.2067
IC20 46.629 0.551 45.455 47.460 0.0815
IC25 47.464 0.517 46.364 48.244 0.0815
IC40 49.971 0.413 49.091 50.595 0.0815
IC50 51.643 0.344 50.909 52.163 0.0815
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Mysid Survival, Growth and Fecundity Test-Growth-Weight
Start Date: 10/19/2011 12:13 Test ID: C110923.0127 Sample ID: 1st Pass RO Conc
End Date: 10/26/2011 11:05 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: Protocol: USEPA98-USACE / USEPA Test Species: MY-Mysidopsis bahia
Comments:  West Basin Municipal Water District - Salinity Study

Conc-% 1 2 3 4 5 6 7 8
Control 0.5175 0.4340 0.5320 0.3840 0.4560 0.4080 0.3980 0.3880

36.5 0.3360 0.7125 0.2900 0.4080 0.3500 0.4180 0.4960 0.5740
39 0.5320 0.3400 0.4300 0.3620 0.4380 0.2880 0.3620 0.4680
41 0.4460 0.3500 0.4350 0.4780 0.4600 0.3320 0.3240 0.2500
45 0.2625 0.2700 0.2160 0.2400 0.1975 0.2350 0.2540 0.2060

Transform: Untransformed Rank 1-Tailed Isotonic
Conc-% Mean N-Mean Mean Min Max CV% N Sum Critical Mean N-Mean

Control 0.4397 1.0000 0.4397 0.3840 0.5320 13.147 8 0.4439 1.0000
36.5 0.4481 1.0190 0.4481 0.2900 0.7125 31.308 8 66.00 47.00 0.4439 1.0000

39 0.4025 0.9154 0.4025 0.2880 0.5320 19.557 8 59.00 47.00 0.4025 0.9068
41 0.3844 0.8742 0.3844 0.2500 0.4780 21.198 8 58.00 47.00 0.3844 0.8660

*45 0.2351 0.5348 0.2351 0.1975 0.2700 11.339 8 36.00 47.00 0.2351 0.5297

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.96349 0.94 0.73435 1.70708
Bartlett's Test indicates unequal variances (p = 3.29E-03) 15.806 13.2767
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test 41 45 42.9535 2.43902
Treatments vs Control

Linear Interpolation (200 Resamples)
Point % SD 95% CL Skew
IC05 37.841 8.262 13.123 41.175 -1.7805
IC10 39.332 4.042 26.246 41.660 -3.2981
IC15 41.190 2.278 37.192 42.154 -4.4479
IC20 41.785 1.326 38.935 42.606 -4.6172
IC25 42.379 0.771 40.532 43.128 -2.5650
IC40 44.164
IC50 >45
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Mysid Survival, Growth and Fecundity Test-Biomass
Start Date: 10/19/2011 12:13 Test ID: C110923.0127 Sample ID: 1st Pass RO Conc
End Date: 10/26/2011 11:05 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: Protocol: USEPA98-USACE / USEPA Test Species: MY-Mysidopsis bahia
Comments:  West Basin Municipal Water District - Salinity Study

Conc-% 1 2 3 4 5 6 7 8
Control 0.4140 0.4340 0.5320 0.3840 0.4560 0.4080 0.3980 0.3880

36.5 0.3360 0.5700 0.2900 0.4080 0.2800 0.4180 0.4960 0.5740
39 0.5320 0.3400 0.3440 0.3620 0.4380 0.2880 0.3620 0.4680
41 0.4460 0.3500 0.3480 0.4780 0.4600 0.3320 0.3240 0.2500
45 0.2100 0.2160 0.2160 0.1920 0.1580 0.1880 0.2540 0.2060
60 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Transform: Untransformed 1-Tailed Isotonic
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD Mean N-Mean

Control 0.4268 1.0000 0.4268 0.3840 0.5320 11.430 8 0.4268 1.0000
36.5 0.4215 0.9877 0.4215 0.2800 0.5740 27.737 8 0.137 2.239 0.0861 0.4215 0.9877

39 0.3918 0.9180 0.3918 0.2880 0.5320 20.493 8 0.910 2.239 0.0861 0.3918 0.9180
41 0.3735 0.8752 0.3735 0.2500 0.4780 21.296 8 1.385 2.239 0.0861 0.3735 0.8752

*45 0.2050 0.4804 0.2050 0.1580 0.2540 13.468 8 5.766 2.239 0.0861 0.2050 0.4804
60 0.0000 0.0000 0.0000 0.0000 0.0000 0.000 8 0.0000 0.0000

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.95379 0.94 0.31253 -0.1132
Bartlett's Test indicates equal variances (p = 0.01) 13.0447 13.2767
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU MSDu MSDp MSB MSE F-Prob df
Dunnett's Test 41 45 42.9535 2.43902 0.08609 0.20174 0.06677 0.00592 5.5E-06 4, 35
Treatments vs Control

Linear Interpolation (200 Resamples)
Point % SD 95% CL Skew
IC05 37.852 8.491 13.524 41.288 -1.4675
IC10 39.841 3.583 27.049 41.734 -2.5144
IC15 41.255 1.443 38.001 42.153 -3.0346
IC20 41.762 0.890 38.850 42.539 -1.2620
IC25 42.269 0.616 40.620 42.930 -0.7445
IC40 43.788 0.413 42.738 44.360 -0.4923
IC50 44.801 0.438 44.025 45.777 1.4120
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Macrocystis pyrifera Chronic Toxicity Test 

 

 

 

 

 

 

 

 

 

 

 



Test: MC-Macrocystis Germination and Growth Test Test ID: C110923.01
Species: MP-Macrocystis pyrifera Protocol: USEPA98-USACE / USEPA 1998
Sample ID: 1st Pass RO Conc Sample Type: EFF2-Industrial
Start Date: 10/4/2011 14:30              End Date: 10/6/2011 15:30 Lab ID: CCA-Carlsbad, Weston

Pos ID Rep Group Total CounNumber G L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 Cal Factor Notes
1 1 Control 100 85 5 8 6 4 3 6 5 7 8 6 2.5
2 2 Control 100 86 6 3 5 8 7 6 5 6 8 6 2.5
3 3 Control 100 81 8 7 4 7 5 5 6 4 5 6 2.5
4 4 Control 100 84 6 5 8 8 5 7 5 7 6 5 2.5
5 5 Control 100 80 6 7 6 4 8 4 6 7 3 5 2.5
6 1 36.5 100 82 7 5 6 5 4 4 4 5 6 4 2.5
7 2 36.5 100 85 6 5 6 7 4 5 5 4 4 3 2.5
8 3 36.5 100 80 3 6 5 5 5 4 6 5 5 4 2.5
9 4 36.5 100 82 7 8 4 5 4 5 6 6 5 6 2.5

10 5 36.5 100 80 7 9 7 8 5 7 5 7 6 5 2.5
11 1 39 100 75 6 5 5 6 5 4 6 7 5 4 2.5
12 2 39 100 81 3 4 6 4 6 5 5 6 5 7 2.5
13 3 39 100 77 5 6 3 7 7 4 5 5 6 5 2.5
14 4 39 100 79 8 6 5 6 4 7 5 4 6 4 2.5
15 5 39 100 76 6 6 5 5 6 6 6 6 5 7 2.5
16 1 41 100 80 7 6 6 6 5 4 8 7 6 6 2.5
17 2 41 100 73 3 4 6 6 5 5 6 5 4 5 2.5
18 3 41 100 78 5 4 6 5 5 6 6 4 5 5 2.5
19 4 41 100 70 5 6 6 7 4 5 3 6 4 5 2.5
20 5 41 100 73 6 6 5 6 7 6 6 6 8 5 2.5
21 1 45 100 76 6 4 4 5 3 5 7 6 4 4 2.5
22 2 45 100 68 4 3 4 5 4 6 5 5 4 4 2.5
23 3 45 100 71 5 4 4 4 6 5 4 5 5 3 2.5
24 4 45 100 71 5 5 5 4 4 5 4 5 6 5 2.5
25 5 45 100 76 5 6 4 5 4 5 6 5 5 4 2.5
26 1 60 100 39 2 3 3 3 2 2 3 3 3 2 2.5
27 2 60 100 37 2 2 2 2 3 2 3 3 3 3 2.5
28 3 60 100 33 3 2 2 2 3 2 2 3 3 2 2.5
29 4 60 100 30 2 2 2 3 2 2 2 2 2 2 2.5
30 5 60 100 19 2 2 2 3 3 2 2 2 3 3 2.5

Comments: West Basin Municipal Water District - Salinity Study
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Macrocystis Germination and Growth Test-Proportion Germinated
Start Date: 10/4/2011 14:30 Test ID: C110923.0147 Sample ID: 1st Pass RO Conc
End Date: 10/6/2011 15:30 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: Protocol: USEPA98-USACE / USEPA Test Species: MP-Macrocystis pyrifera
Comments:  West Basin Municipal Water District - Salinity Study

Conc-% 1 2 3 4 5
Control 0.8500 0.8600 0.8100 0.8400 0.8000

36.5 0.8200 0.8500 0.8000 0.8200 0.8000
39 0.7500 0.8100 0.7700 0.7900 0.7600
41 0.8000 0.7300 0.7800 0.7000 0.7300
45 0.7600 0.6800 0.7100 0.7100 0.7600
60 0.3900 0.3700 0.3300 0.3000 0.1900

Transform: Arcsin Square Root 1-Tailed Number Total
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD Resp Number

Control 0.8320 1.0000 1.1493 1.1071 1.1873 3.001 5 84 500
36.5 0.8180 0.9832 1.1305 1.1071 1.1731 2.388 5 0.608 2.360 0.0729 91 500

39 0.7760 0.9327 1.0782 1.0472 1.1198 2.703 5 2.300 2.360 0.0729 112 500
*41 0.7480 0.8990 1.0459 0.9912 1.1071 4.540 5 3.345 2.360 0.0729 126 500
*45 0.7240 0.8702 1.0183 0.9695 1.0588 3.862 5 4.240 2.360 0.0729 138 500
*60 0.3160 0.3798 0.5942 0.4510 0.6745 14.824 5 17.962 2.360 0.0729 342 500

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.93619 0.927 -0.858 2.3692
Bartlett's Test indicates equal variances (p = 0.15) 8.13374 15.0863
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU MSDu MSDp MSB MSE F-Prob df
Dunnett's Test 39 41 39.9875 2.5641 0.0578 0.06941 0.21253 0.00239 1.1E-14 5, 24
Treatments vs Control

Maximum Likelihood-Probit
Parameter Value SE 95% Fiducial Limits Control Chi-Sq Critical P-value Mu Sigma Iter
Slope 10.5285 0.93939 8.68726 12.3697 0.168 3.13014 7.81472 0.37199 1.75061 0.09498 3
Intercept -13.431 1.61668 -16.6 -10.263
TSCR 0.17216 0.01436 0.14402 0.20031
Point Probits % 95% Fiducial Limits
EC01 2.674 33.8575 30.2013 36.7295
EC05 3.355 39.2992 36.1274 41.7586
EC10 3.718 42.5491 39.7271 44.739
EC15 3.964 44.8922 42.3394 46.8878
EC20 4.158 46.8462 44.521 48.6871
EC25 4.326 48.5902 46.4638 50.3054
EC40 4.747 53.2782 51.5957 54.7822
EC50 5.000 56.3135 54.7667 57.8604
EC60 5.253 59.5217 57.9292 61.326
EC75 5.674 65.2643 63.1809 67.9955
EC80 5.842 67.694 65.302 70.9398
EC85 6.036 70.6404 67.8253 74.576
EC90 6.282 74.5306 71.0978 79.4632
EC95 6.645 80.694 76.1861 87.365
EC99 7.326 93.6635 86.6315 104.491
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Macrocystis Germination and Growth Test-Growth-Length
Start Date: 10/4/2011 14:30 Test ID: C110923.0147 Sample ID: 1st Pass RO Conc
End Date: 10/6/2011 15:30 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: Protocol: USEPA98-USACE / USEPA Test Species: MP-Macrocystis pyrifera
Comments:  West Basin Municipal Water District - Salinity Study

Conc-% 1 2 3 4 5
Control 14.500 15.000 14.250 15.500 14.000

36.5 12.500 12.250 12.000 14.000 16.500
39 13.250 12.750 13.250 13.750 14.500
41 15.250 12.250 12.750 12.750 15.250
45 12.000 11.000 11.250 12.000 12.250
60 6.500 6.250 6.000 5.250 6.000

Transform: Untransformed 1-Tailed Isotonic
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD Mean N-Mean

Control 14.650 1.0000 14.650 14.000 15.500 4.110 5 14.650 1.0000
36.5 13.450 0.9181 13.450 12.000 16.500 13.934 5 1.757 2.360 1.612 13.533 0.9238

39 13.500 0.9215 13.500 12.750 14.500 4.900 5 1.683 2.360 1.612 13.533 0.9238
41 13.650 0.9317 13.650 12.250 15.250 10.804 5 1.464 2.360 1.612 13.533 0.9238

*45 11.700 0.7986 11.700 11.000 12.250 4.632 5 4.318 2.360 1.612 11.700 0.7986
*60 6.000 0.4096 6.000 5.250 6.500 7.795 5 12.662 2.360 1.612 6.000 0.4096

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.9349 0.927 1.06226 1.89735
Bartlett's Test indicates equal variances (p = 0.03) 12.6786 15.0863
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU MSDu MSDp MSB MSE F-Prob df
Dunnett's Test 41 45 42.9535 2.43902 1.61219 0.11005 50.0371 1.16667 3.4E-11 5, 24
Treatments vs Control

Linear Interpolation (200 Resamples)
Point % SD 95% CL(Exp) Skew
IC05* 23.943 8.631 9.563 50.083 0.1989
IC10 41.760 3.619 22.189 43.183 -2.0472
IC15 43.358 0.760 40.250 44.714 -0.6518
IC20 44.956 0.645 43.123 46.602 -0.1204
IC25 46.875 0.685 44.508 48.470 -0.5983
IC40 52.658 0.541 50.808 54.045 -0.3401
IC50 56.513 0.514 55.011 57.893 -0.1235
* indicates IC estimate less than the lowest concentration

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 20 40 60 80

Dose % 

R
es

po
ns

e

Page 1 ToxCalc v5.0.23 Reviewed by:_____





























 

 

 

 

 

 

 

 

 

Strongylocentrotus purpuratus Chronic Toxicity Test 

 

 

 

 

 

 

 

 

 

 

 



Test: EC-Echinoderm Survival and Development Test Test ID: C110923.01
Species: SP-Strongylocentrotus purpuratus Protocol: EPAW 95-EPA/600/R-95/136
Sample ID: 1st Pass RO Conc Sample Type: EFF2-Industrial
Start Date: 10/5/2011 14:35              End Date: 10/9/2011 13 Lab ID: CCA-Carlsbad, Weston

Pos ID Rep Group Initial DensityFinal Density Total Counte Number Normal Notes
1 1 Control 101 119 119 118
2 2 Control 101 80 80 69
3 3 Control 101 88 88 84
4 4 Control 101 88 88 87
5 1 35 101 97 97 92
6 2 35 101 116 116 103
7 3 35 101 78 78 68
8 4 35 101 97 97 93
9 1 37 101 86 86 71

10 2 37 101 68 68 65
11 3 37 101 66 66 56
12 4 37 101 82 82 80
13 1 39 101 100 100 0
14 2 39 101 99 99 3
15 3 39 101 103 103 1
16 4 39 101 102 102 1
17 1 41 101 113 113 0
18 2 41 101 96 96 0
19 3 41 101 102 102 0
20 4 41 101 101 101 0
21 1 43 101 101 101 0
22 2 43 101 98 98 0
23 3 43 101 97 97 0
24 4 43 101 102 102 0

Comments: West Basin Municipal Water District - Salinity Study
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Echinoderm Survival and Development Test-Proportion Alive
Start Date: 10/5/2011 14:35 Test ID: C110923.0146 Sample ID: 1st Pass RO Conc
End Date: 10/9/2011 13:30 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: Protocol: EPAW 95-EPA/600/R-95/136Test Species: SP-Strongylocentrotus purpuratus
Comments:  West Basin Municipal Water District - Salinity Study

Conc-% 1 2 3 4
Control 1.0000 0.7921 0.8713 0.8713

35 0.9604 1.0000 0.7723 0.9604
37 0.8515 0.6733 0.6535 0.8119
39 0.9901 0.9802 1.0000 1.0000
41 1.0000 0.9505 1.0000 1.0000
43 1.0000 0.9703 0.9604 1.0000

Transform: Arcsin Square Root 1-Tailed Isotonic
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD Mean N-Mean

Control 0.8837 1.0000 1.2565 1.0973 1.5210 14.592 4 0.9196 1.0000
35 0.9233 1.0448 1.3338 1.0733 1.5210 14.065 4 -0.854 2.410 0.2180 0.9196 1.0000
37 0.7475 0.8459 1.0503 0.9414 1.1752 11.044 4 2.280 2.410 0.2180 0.9196 1.0000
39 0.9926 1.1232 1.4857 1.4296 1.5210 2.973 4 -2.533 2.410 0.2180 0.9196 1.0000
41 0.9876 1.1176 1.4774 1.3464 1.5210 5.909 4 -2.441 2.410 0.2180 0.9196 1.0000
43 0.9827 1.1120 1.4525 1.3705 1.5210 5.499 4 -2.167 2.410 0.2180 0.9196 1.0000

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.96927 0.916 0.04424 0.78825
Bartlett's Test indicates equal variances (p = 0.24) 6.7584 15.0863
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU MSDu MSDp MSB MSE F-Prob df
Dunnett's Test 43 >43 2.32558 0.16203 0.17915 0.11494 0.01637 8.4E-04 5, 18
Treatments vs Control

Linear Interpolation (200 Resamples)
Point % SD 95% CL(Exp) Skew
IC05 >43
IC10 >43
IC15 >43
IC20 >43
IC25 >43
IC40 >43
IC50 >43
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Echinoderm Survival and Development Test-Proportion Normal
Start Date: 10/5/2011 14:35 Test ID: C110923.0146 Sample ID: 1st Pass RO Conc
End Date: 10/9/2011 13:30 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: Protocol: EPAW 95-EPA/600/R-95/136Test Species: SP-Strongylocentrotus purpuratus
Comments:  West Basin Municipal Water District - Salinity Study

Conc-% 1 2 3 4
Control 0.9916 0.8625 0.9545 0.9886

35 0.9485 0.8879 0.8718 0.9588
37 0.8256 0.9559 0.8485 0.9756
39 0.0000 0.0303 0.0097 0.0098
41 0.0000 0.0000 0.0000 0.0000
43 0.0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root 1-Tailed Isotonic
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD Mean N-Mean

Control 0.9493 1.0000 1.3725 1.1909 1.4790 9.681 4 0.9480 1.0000
35 0.9167 0.9657 1.2855 1.2046 1.3663 6.252 4 1.156 2.290 0.1722 0.9183 0.9687
37 0.9014 0.9495 1.2710 1.1400 1.4140 10.691 4 1.349 2.290 0.1722 0.9035 0.9530

*39 0.0125 0.0131 0.1057 0.0498 0.1750 48.931 4 16.844 2.290 0.1722 0.0124 0.0131
41 0.0000 0.0000 0.0498 0.0498 0.0498 0.000 4 0.0000 0.0000
43 0.0000 0.0000 0.0498 0.0498 0.0498 0.000 4 0.0000 0.0000

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.95483 0.887 -0.3099 -0.9148
Bartlett's Test indicates equal variances (p = 0.42) 2.81386 11.3449
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU MSDu MSDp MSB MSE F-Prob df
Dunnett's Test 37 39 37.9868 2.7027 0.09232 0.09605 1.45769 0.01131 2.2E-09 3, 12
Treatments vs Control

Linear Interpolation (200 Resamples)
Point % SD 95% CL(Exp) Skew
IC05 37.006 5.270 9.648 37.159 -1.4393
IC10 37.113 0.523 34.876 37.259 -6.1442
IC15 37.219 0.074 36.920 37.358 -0.3507
IC20 37.326 0.070 37.045 37.457 -0.3497
IC25 37.432 0.066 37.170 37.556 -0.3482
IC40 37.751 0.053 37.544 37.854 -0.3395
IC50 37.964 0.044 37.791 38.053 -0.3263
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Atherinops affinis Chronic Toxicity Test 

 

 

 

 

 

 

 

 

 

 

 



Test: LF-Larval Fish Growth and Survival Test Test ID: C110923.01
Species: AT-Atherinops affinis Protocol: USEPA98-USACE / USEPA 1998
Sample ID: 1st Pass RO Conc Sample Type: EFF2-Industrial
Start Date: 9/27/2011 14:10              End Date: 10/4/2011 15:20 Lab ID: CCA-Carlsbad, Weston

Pos ID Rep Group Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Total Wgt( Tare Wgt(mWgt Count
1 1 Control 5 5 4 4 4 4 4 4 112.78 109.23 4
2 2 Control 5 5 5 5 5 5 5 5 138.17 133.59 5
3 3 Control 5 4 4 4 4 4 4 4 98.81 95.36 4
4 4 Control 5 4 4 4 4 4 4 4 102.24 97.98 4
5 5 Control 5 5 5 5 5 5 5 5 111.59 107.52 5
6 1 36.5 5 4 4 4 4 4 4 4 117.55 113.58 4
7 2 36.5 5 5 5 5 5 5 5 5 125.04 120.91 5
8 3 36.5 5 5 5 5 5 5 5 5 101.01 96.8 5
9 4 36.5 5 5 5 5 5 5 5 5 126.36 122.6 5

10 5 36.5 5 4 4 4 4 4 4 4 140.05 136.39 4
11 1 39 5 5 4 4 4 4 4 4 112.4 108.27 4
12 2 39 5 5 5 5 5 5 5 5 120.8 116.5 5
13 3 39 5 5 5 5 5 5 5 5 127.72 123.68 5
14 4 39 5 4 4 4 4 4 4 4 107.25 103.95 4
15 5 39 5 3 3 3 3 3 3 3 120.31 116.72 3
16 1 41 5 5 5 5 5 5 5 5 124.22 119.53 5
17 2 41 5 4 4 4 4 4 4 4 110.54 106.92 4
18 3 41 5 4 4 4 4 4 4 4 122.23 118.45 4
19 4 41 5 5 5 5 5 5 5 5 124.31 119.44 5
20 5 41 5 5 5 5 5 5 5 5 131.91 127.25 5
21 1 45 5 4 4 4 4 4 4 4 119.81 115.37 4
22 2 45 5 4 4 4 4 4 4 4 118.57 114.49 4
23 3 45 5 4 4 4 4 4 4 4 127.93 124.07 4
24 4 45 5 5 5 5 5 5 5 5 119.44 114.47 5
25 5 45 5 3 3 3 3 3 3 3 125.36 121.36 3
26 1 60 5 0 0 0 0 0 0 0 0 0 0
27 2 60 5 1 1 1 1 1 1 1 120.22 118.67 1
28 3 60 5 0 0 0 0 0 0 0 0 0 0
29 4 60 5 2 2 2 1 1 1 1 119.63 117.96 1
30 5 60 5 1 1 1 1 1 1 1 133.9 131.89 1

Comments: West Basin Municipal District - Salinity Study
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Larval Fish Growth and Survival Test-7 Day Survival
Start Date: 9/27/2011 14:10 Test ID: C110923.0163 Sample ID: 1st Pass RO Conc
End Date: 10/4/2011 15:20 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: Protocol: USEPA98-USACE / USEPA Test Species: AT-Atherinops affinis
Comments:  West Basin Municipal District - Salinity Study

Conc-% 1 2 3 4 5
Control 0.8000 1.0000 0.8000 0.8000 1.0000

36.5 0.8000 1.0000 1.0000 1.0000 0.8000
39 0.8000 1.0000 1.0000 0.8000 0.6000
41 1.0000 0.8000 0.8000 1.0000 1.0000
45 0.8000 0.8000 0.8000 1.0000 0.6000
60 0.0000 0.2000 0.0000 0.2000 0.2000

Transform: Arcsin Square Root 1-Tailed Number Total
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD Resp Number

Control 0.8800 1.0000 1.2024 1.1071 1.3453 10.848 5 3 25
36.5 0.9200 1.0455 1.2500 1.1071 1.3453 10.434 5 -0.508 2.360 0.2212 2 25

39 0.8400 0.9545 1.1582 0.8861 1.3453 16.679 5 0.472 2.360 0.2212 4 25
41 0.9200 1.0455 1.2500 1.1071 1.3453 10.434 5 -0.508 2.360 0.2212 2 25
45 0.8000 0.9091 1.1106 0.8861 1.3453 14.625 5 0.980 2.360 0.2212 5 25

*60 0.1200 0.1364 0.3684 0.2255 0.4636 35.405 5 8.899 2.360 0.2212 22 25

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.93063 0.927 -0.1837 -1.0451
Bartlett's Test indicates equal variances (p = 0.95) 1.11877 15.0863
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU MSDu MSDp MSB MSE F-Prob df
Dunnett's Test 45 60 51.9615 2.22222 0.17945 0.20619 0.58295 0.02196 4.8E-09 5, 24
Treatments vs Control

Maximum Likelihood-Probit
Parameter Value SE 95% Fiducial Limits Control Chi-Sq Critical P-value Mu Sigma Iter
Slope 19.5721 5.38586 9.01582 30.1284 0.12 1.22001 7.81472 0.74821 1.72136 0.05109 4
Intercept -28.691 9.36922 -47.054 -10.327
TSCR 0.10726 0.03628 0.03615 0.17837
Point Probits % 95% Fiducial Limits
EC01 2.674 40.0406 26.6144 45.65
EC05 3.355 43.383 31.5581 48.2675
EC10 3.718 45.2775 34.525 49.7721
EC15 3.964 46.6022 36.6598 50.8457
EC20 4.158 47.6826 38.4303 51.7421
EC25 4.326 48.6294 39.9976 52.5494
EC40 4.747 51.0995 44.1018 54.807
EC50 5.000 52.6454 46.6154 56.3991
EC60 5.253 54.2382 49.0762 58.2693
EC75 5.674 56.9931 52.8027 62.2793
EC80 5.842 58.1248 54.1054 64.2458
EC85 6.036 59.4724 55.5011 66.8124
EC90 6.282 61.2123 57.1061 70.4369
EC95 6.645 63.8853 59.2801 76.547
EC99 7.326 69.2183 63.0644 90.2113
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Larval Fish Growth and Survival Test-7 Day Growth
Start Date: 9/27/2011 14:10 Test ID: C110923.0163 Sample ID: 1st Pass RO Conc
End Date: 10/4/2011 15:20 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: Protocol: USEPA98-USACE / USEPA Test Species: AT-Atherinops affinis
Comments:  West Basin Municipal District - Salinity Study

Conc-% 1 2 3 4 5
Control 0.8875 0.9160 0.8625 1.0650 0.8140

36.5 0.9925 0.8260 0.8420 0.7520 0.9150
39 1.0325 0.8600 0.8080 0.8250 1.1967
41 0.9380 0.9050 0.9450 0.9740 0.9320
45 1.1100 1.0200 0.9650 0.9940 1.3333
60 1.5500 1.6700 2.0100

Transform: Untransformed 1-Tailed Isotonic
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD Mean N-Mean

Control 0.9090 1.0000 0.9090 0.8140 1.0650 10.442 5 1.0809 1.0000
36.5 0.8655 0.9521 0.8655 0.7520 0.9925 10.585 5 0.519 2.508 0.2103 1.0809 1.0000

39 0.9444 1.0390 0.9444 0.8080 1.1967 17.669 5 -0.423 2.508 0.2103 1.0809 1.0000
41 0.9388 1.0328 0.9388 0.9050 0.9740 2.645 5 -0.355 2.508 0.2103 1.0809 1.0000
45 1.0845 1.1930 1.0845 0.9650 1.3333 13.770 5 -2.093 2.508 0.2103 1.0809 1.0000
60 1.7433 1.9179 1.7433 1.5500 2.0100 13.687 3 -8.619 2.508 0.2428 1.0809 1.0000

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.05) 0.91512 0.924 0.91774 0.34509
Bartlett's Test indicates equal variances (p = 0.03) 12.4614 15.0863
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU MSDu MSDp MSB MSE F-Prob df
Bonferroni t Test 60 >60 1.66667 0.24281 0.26711 0.36554 0.01757 1.1E-07 5, 22
Treatments vs Control

Linear Interpolation (200 Resamples)
Point % SD 95% CL(Exp) Skew
IC05 >60
IC10 >60
IC15 >60
IC20 >60
IC25 >60
IC40 >60
IC50 >60
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Larval Fish Growth and Survival Test-7 Day Biomass
Start Date: 9/27/2011 14:10 Test ID: C110923.0163 Sample ID: 1st Pass RO Conc
End Date: 10/4/2011 15:20 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: Protocol: USEPA98-USACE / USEPA Test Species: AT-Atherinops affinis
Comments:  West Basin Municipal District - Salinity Study

Conc-% 1 2 3 4 5
Control 0.7100 0.9160 0.6900 0.8520 0.8140

36.5 0.7940 0.8260 0.8420 0.7520 0.7320
39 0.8260 0.8600 0.8080 0.6600 0.7180
41 0.9380 0.7240 0.7560 0.9740 0.9320
45 0.8880 0.8160 0.7720 0.9940 0.8000
60 0.0000 0.3100 0.0000 0.3340 0.4020

Transform: Untransformed 1-Tailed Isotonic
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD Mean N-Mean

Control 0.7964 1.0000 0.7964 0.6900 0.9160 11.993 5 0.8158 1.0000
36.5 0.7892 0.9910 0.7892 0.7320 0.8420 5.950 5 0.100 2.360 0.1692 0.8158 1.0000

39 0.7744 0.9724 0.7744 0.6600 0.8600 10.685 5 0.307 2.360 0.1692 0.8158 1.0000
41 0.8648 1.0859 0.8648 0.7240 0.9740 13.368 5 -0.954 2.360 0.1692 0.8158 1.0000
45 0.8540 1.0723 0.8540 0.7720 0.9940 10.447 5 -0.803 2.360 0.1692 0.8158 1.0000

*60 0.2092 0.2627 0.2092 0.0000 0.4020 92.701 5 8.190 2.360 0.1692 0.2092 0.2564

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.96771 0.927 -0.307 -0.5669
Bartlett's Test indicates equal variances (p = 0.18) 7.6596 15.0863
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU MSDu MSDp MSB MSE F-Prob df
Dunnett's Test 45 60 51.9615 2.22222 0.16921 0.21247 0.31325 0.01285 1.1E-08 5, 24
Treatments vs Control

Linear Interpolation (200 Resamples)
Point % SD 95% CL(Exp) Skew
IC05 46.009 3.000 27.167 46.468 -4.9671
IC10 47.017 0.424 45.048 47.937 -0.7451
IC15 48.026 0.494 46.129 49.405 -0.0442
IC20 49.035 0.582 47.221 50.873 0.3632
IC25 50.043 0.683 48.289 52.342 0.5717
IC40 53.069 1.016 50.747 56.747 0.7443
IC50 55.087 1.251 52.185 59.684 0.7532
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Test: AC-Acute Fish Test Test ID: C110923.01
Species: AT-Atherinops affinis Protocol: EPAW 95-EPA/600/R-95/136
Sample ID: 1st Pass RO Conc Sample Type: EFF2-Industrial
Start Date: 9/27/2011 14:10              End Date: 10/4/2011 15:20Lab ID: CCA-Carlsbad, Weston

Pos ID Rep Group Start 24 Hr 48 Hr 72 Hr 96 Hr Notes
1 1 Control 5 5 4 4 4
2 2 Control 5 5 5 5 5
3 3 Control 5 4 4 4 4
4 4 Control 5 4 4 4 4
5 5 Control 5 5 5 5 5
6 1 36.5 5 4 4 4 4
7 2 36.5 5 5 5 5 5
8 3 36.5 5 5 5 5 5
9 4 36.5 5 5 5 5 5

10 5 36.5 5 4 4 4 4
11 1 39 5 5 4 4 4
12 2 39 5 5 5 5 5
13 3 39 5 5 5 5 5
14 4 39 5 4 4 4 4
15 5 39 5 3 3 3 3
16 1 41 5 5 5 5 5
17 2 41 5 4 4 4 4
18 3 41 5 4 4 4 4
19 4 41 5 5 5 5 5
20 5 41 5 5 5 5 5
21 1 45 5 4 4 4 4
22 2 45 5 4 4 4 4
23 3 45 5 4 4 4 4
24 4 45 5 5 5 5 5
25 5 45 5 3 3 3 3
26 1 60 5 0 0 0 0
27 2 60 5 1 1 1 1
28 3 60 5 0 0 0 0
29 4 60 5 2 2 2 1
30 5 60 5 1 1 1 1

Comments: West Basin Municipal District - Salinity Study
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Acute Fish Test-96 Hr Survival
Start Date: 9/27/2011 14:10 Test ID: C110923.0163 Sample ID: 1st Pass RO Conc
End Date: 10/4/2011 15:20 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: Protocol: EPAW 95-EPA/600/R-95/136Test Species: AT-Atherinops affinis
Comments:  West Basin Municipal District - Salinity Study

Conc-% 1 2 3 4 5
Control 0.8000 1.0000 0.8000 0.8000 1.0000

36.5 0.8000 1.0000 1.0000 1.0000 0.8000
39 0.8000 1.0000 1.0000 0.8000 0.6000
41 1.0000 0.8000 0.8000 1.0000 1.0000
45 0.8000 0.8000 0.8000 1.0000 0.6000
60 0.0000 0.2000 0.0000 0.2000 0.2000

Transform: Arcsin Square Root 1-Tailed Number Total
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD Resp Number

Control 0.8800 1.0000 1.2024 1.1071 1.3453 10.848 5 3 25
36.5 0.9200 1.0455 1.2500 1.1071 1.3453 10.434 5 -0.508 2.360 0.2212 2 25

39 0.8400 0.9545 1.1582 0.8861 1.3453 16.679 5 0.472 2.360 0.2212 4 25
41 0.9200 1.0455 1.2500 1.1071 1.3453 10.434 5 -0.508 2.360 0.2212 2 25
45 0.8000 0.9091 1.1106 0.8861 1.3453 14.625 5 0.980 2.360 0.2212 5 25

*60 0.1200 0.1364 0.3684 0.2255 0.4636 35.405 5 8.899 2.360 0.2212 22 25

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.93063 0.927 -0.1837 -1.0451
Bartlett's Test indicates equal variances (p = 0.95) 1.11877 15.0863
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU MSDu MSDp MSB MSE F-Prob df
Dunnett's Test 45 60 51.9615 2.22222 0.17945 0.20619 0.58295 0.02196 4.8E-09 5, 24
Treatments vs Control

Maximum Likelihood-Probit
Parameter Value SE 95% Fiducial Limits Control Chi-Sq Critical P-value Mu Sigma Iter
Slope 19.5721 5.38586 9.01582 30.1284 0.12 1.22001 7.81472 0.74821 1.72136 0.05109 4
Intercept -28.691 9.36922 -47.054 -10.327
TSCR 0.10726 0.03628 0.03615 0.17837
Point Probits % 95% Fiducial Limits
EC01 2.674 40.0406 26.6144 45.65
EC05 3.355 43.383 31.5581 48.2675
EC10 3.718 45.2775 34.525 49.7721
EC15 3.964 46.6022 36.6598 50.8457
EC20 4.158 47.6826 38.4303 51.7421
EC25 4.326 48.6294 39.9976 52.5494
EC40 4.747 51.0995 44.1018 54.807
EC50 5.000 52.6454 46.6154 56.3991
EC60 5.253 54.2382 49.0762 58.2693
EC75 5.674 56.9931 52.8027 62.2793
EC80 5.842 58.1248 54.1054 64.2458
EC85 6.036 59.4724 55.5011 66.8124
EC90 6.282 61.2123 57.1061 70.4369
EC95 6.645 63.8853 59.2801 76.547
EC99 7.326 69.2183 63.0644 90.2113
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APPENDIX B 

LONG-TERM EXPOSURE ASSESSMENT: 
TRIAL 1 

  



 

 

 

 

 

 

 

 

 

Water Quality Data 

 

 

 

 

 

 

 

 

 

 

 























 

 

 

 

 

 

 

 

 

Mortality Data 

 

 

 

 

 

 

 

 

 

 

 













 

 

 

 

 

 

 

 

 

Statistical Analyses and Laboratory Benchsheets 

 

 

 

 

 

 

 

 

 

 

 



Test: BV-Bivalve Larval Survival and Development Test Test ID: C111122.04
Species: MG-Mytilus galloprovincialis Protocol: USEPA98-USACE / USEPA 1998
Sample ID: 33 ppt Batch Sample Type: EFF2-Industrial
Start Date: 11/23/2011 15:10              End Date: 11/25/2011 Lab ID: CCA-Carlsbad, Weston

Pos ID Rep Group Initial DensityFinal Density Total Counte Number Normal Notes
1 1 33 232 238 238 218
2 2 33 232 211 211 193
3 3 33 232 200 200 183
4 4 33 232 224 224 205
5 1 50 232 75 75 0
6 2 50 232 78 78 0
7 3 50 232 83 83 0
8 4 50 232 75 75 0

Comments: West Basin Long-Term High Salinity Study
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Bivalve Larval Survival and Development Test-Proportion Alive
Start Date: 11/23/2011 15:10 Test ID: C111122.0442 Sample ID: 33 ppt Batch
End Date: 11/25/2011 14:15 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 11/22/2011 11:00 Protocol: USEPA98-USACE / USEPA Test Species: MG-Mytilus galloprovincialis
Comments:  West Basin Long-Term High Salinity Study

Conc-% 1 2 3 4
33 1.0000 0.9095 0.8621 0.9655
50 0.3233 0.3362 0.3578 0.3233

Transform: Arcsin Square Root 1-Tailed
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD

33 0.9343 1.0000 1.3444 1.1903 1.5380 11.286 4
*50 0.3351 0.3587 0.6173 0.6048 0.6412 2.782 4 9.523 2.353 0.1797

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.93055 0.818 0.60527 2.00394
F-Test indicates unequal variances (p = 4.81E-03) 78.0337 47.4683
Hypothesis Test (1-tail, 0.05) MSDu MSDp MSB MSE F-Prob df
Heteroscedastic t Test indicates significant differences 0.10565 0.11125 1.05723 0.01166 7.6E-05 1, 6
Treatments vs 33

Dose-Response Plot

1-tail, 0.05 level
of significance
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Bivalve Larval Survival and Development Test-Proportion Normal
Start Date: 11/23/2011 15:10 Test ID: C111122.0442 Sample ID: 33 ppt Batch
End Date: 11/25/2011 14:15 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 11/22/2011 11:00 Protocol: USEPA98-USACE / USEPA Test Species: MG-Mytilus galloprovincialis
Comments:  West Basin Long-Term High Salinity Study

Conc-% 1 2 3 4
33 0.9160 0.9147 0.9150 0.9152
50 0.0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root 1-Tailed
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD

33 0.9152 1.0000 1.2753 1.2744 1.2767 0.077 4
*50 0.0000 0.0000 0.0568 0.0549 0.0578 2.377 4 ####### 1.943 0.0016

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.94345 0.818 -0.4149 -0.4909
F-Test indicates equal variances (p = 0.61) 1.91221 47.4683
Hypothesis Test (1-tail, 0.05) MSDu MSDp MSB MSE F-Prob df
Homoscedastic t Test indicates significant differences 0.0009 0.00099 2.96976 1.4E-06 6.9E-18 1, 6
Treatments vs 33

Dose-Response Plot

1-tail, 0.05 level
of significance
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Test: BV-Bivalve Larval Survival and Development Test Test ID: C111122.04
Species: MG-Mytilus galloprovincialis Protocol: USEPA98-USACE / USEPA 1998
Sample ID: 50 ppt Batch Sample Type: EFF2-Industrial
Start Date: 11/23/2011 15:10              End Date: 11/25/2011 Lab ID: CCA-Carlsbad, Weston

Pos ID Rep Group Initial DensityFinal Density Total Counte Number Normal Notes
1 1 33 260 232 232 174
2 2 33 260 237 237 38
3 3 33 260 247 247 169
4 4 33 260 259 259 205
5 1 50 260 236 236 1
6 2 50 260 219 219 0
7 3 50 260 240 240 1
8 4 50 260 208 208 0

Comments: West Basin Long-Term High Salinity Study
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Bivalve Larval Survival and Development Test-Proportion Alive
Start Date: 11/23/2011 15:10 Test ID: C111122.0442 Sample ID: 50 ppt Batch
End Date: 11/25/2011 14:15 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 11/22/2011 11:00 Protocol: USEPA98-USACE / USEPA Test Species: MG-Mytilus galloprovincialis
Comments:  West Basin Long-Term High Salinity Study

Conc-% 1 2 3 4
33 0.8923 0.9115 0.9500 0.9962
50 0.9077 0.8423 0.9231 0.8000

Transform: Arcsin Square Root 1-Tailed
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD

33 0.9375 1.0000 1.3398 1.2364 1.5087 9.069 4
50 0.8683 0.9262 1.2054 1.1071 1.2898 7.077 4 1.811 1.943 0.1442

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.92679 0.818 0.64623 -0.6297
F-Test indicates equal variances (p = 0.58) 2.02907 47.4683
Hypothesis Test (1-tail, 0.05) MSDu MSDp MSB MSE F-Prob df
Homoscedastic t Test indicates no significant differences 0.0819 0.08643 0.03616 0.01102 0.12006 1, 6
Treatments vs 33

Dose-Response Plot

1-tail, 0.05 level
of significance
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Bivalve Larval Survival and Development Test-Proportion Normal
Start Date: 11/23/2011 15:10 Test ID: C111122.0442 Sample ID: 50 ppt Batch
End Date: 11/25/2011 14:15 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 11/22/2011 11:00 Protocol: USEPA98-USACE / USEPA Test Species: MG-Mytilus galloprovincialis
Comments:  West Basin Long-Term High Salinity Study

Conc-% 1 2 3 4
33 0.7500 0.1603 0.6842 0.7915
50 0.0042 0.0000 0.0042 0.0000

Transform: Arcsin Square Root Rank 1-Tailed
Conc-% Mean N-Mean Mean Min Max CV% N Sum Critical

33 0.5965 1.0000 0.8825 0.4120 1.0966 35.998 4
*50 0.0021 0.0035 0.0496 0.0338 0.0651 35.703 4 10.00 11.00

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.05) 0.79075 0.818 -1.8778 4.55595
F-Test indicates unequal variances (p = 5.83E-04) 322.437 47.4683
Hypothesis Test (1-tail, 0.05)
Wilcoxon Two-Sample Test indicates significant differences
Treatments vs 33

Dose-Response Plot
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APPENDIX B 

LONG-TERM EXPOSURE ASSESSMENT: 
TRIAL 2 

  



 

 

 

 

 

 

 

 

 

Water Quality Data 

 

 

 

 

 

 

 

 

 

 

 



































































 

 

 

 

 

 

 

 

 

Behavioral Observations 

 

 

 

 

 

 

 

 

 

 

 











































 

 

 

 

 

 

 

 

 

Mortality Data 

 

 

 

 

 

 

 

 

 

 

 





 

 

 

 

 

 

 

 

 

Statistical Analyses and Laboratory Benchsheets 

 

 

 

 

 

 

 

 

 

 

 



Test: EC-Echinoderm Survival and Development Test Test ID: C120118.01
Species: SP-Strongylocentrotus purpuratus Protocol: USEPA98-USACE / USEPA 1998
Sample ID: 33 ppt Batch Sample Type: EFF2-Industrial
Start Date: 1/19/2012 15:12              End Date: 1/23/2012 14 Lab ID: CCA-Carlsbad, Weston

Pos ID Rep Group Initial DensityFinal Density Total Counte Number Normal Notes
1 1 33 168 154 154 141
2 2 33 168 167 167 153
3 3 33 168 149 149 134
4 4 33 168 158 158 129
5 1 40 168 152 152 0
6 2 40 168 128 128 0
7 3 40 168 143 143 0
8 4 40 168 131 131 0

Comments: West Basin Long-Term High Salinity Study
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Echinoderm Survival and Development Test-Proportion Alive
Start Date: 1/19/2012 15:12 Test ID: C120118.0146 Sample ID: 33 ppt Batch
End Date: 1/23/2012 14:40 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 1/18/2012 10:00 Protocol: USEPA98-USACE / USEPA Test Species: SP-Strongylocentrotus purpuratus
Comments:  West Basin Long-Term High Salinity Study

Conc-% 1 2 3 4
33 0.9167 0.9940 0.8869 0.9405
40 0.9048 0.7619 0.8512 0.7798

Transform: Arcsin Square Root 1-Tailed
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD

33 0.9345 1.0000 1.3309 1.2278 1.4936 8.669 4
*40 0.8244 0.8822 1.1438 1.0611 1.2571 7.887 4 2.555 1.943 0.1423

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.90684 0.818 0.80865 -0.6505
F-Test indicates equal variances (p = 0.70) 1.6355 47.4683
Hypothesis Test (1-tail, 0.05) MSDu MSDp MSB MSE F-Prob df
Homoscedastic t Test indicates significant differences 0.08264 0.08758 0.07003 0.01073 0.04318 1, 6
Treatments vs 33

Dose-Response Plot

1-tail, 0.05 level
of significance
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Echinoderm Survival and Development Test-Proportion Normal
Start Date: 1/19/2012 15:12 Test ID: C120118.0146 Sample ID: 33 ppt Batch
End Date: 1/23/2012 14:40 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 1/18/2012 10:00 Protocol: USEPA98-USACE / USEPA Test Species: SP-Strongylocentrotus purpuratus
Comments:  West Basin Long-Term High Salinity Study

Conc-% 1 2 3 4
33 0.9156 0.9162 0.8993 0.8165
40 0.0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root
Conc-% Mean N-Mean Mean Min Max CV% N

33 0.8869 1.0000 1.2323 1.1281 1.2771 5.743 4
40 0.0000 0.0000 0.0386 0.0386 0.0386 0.000 4

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.05) 0.75842 0.818 -1.8277 4.4525
Equality of variance cannot be confirmed

Dose-Response Plot
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Test: EC-Echinoderm Survival and Development Test Test ID: C120118.02
Species: SP-Strongylocentrotus purpuratus Protocol: USEPA98-USACE / USEPA 1998
Sample ID: 40 ppt Batch Sample Type: EFF2-Industrial
Start Date: 1/19/2012 15:12              End Date: 1/23/2012 14 Lab ID: CCA-Carlsbad, Weston

Pos ID Rep Group Initial DensityFinal Density Total Counte Number Normal Notes
1 1 33 212 147 147 11
2 2 33 212 114 114 6
3 3 33 212 137 137 4
4 4 33 212 105 105 3
5 1 40 212 101 101 0
6 2 40 212 70 70 0
7 3 40 212 96 96 0
8 4 40 212 103 103 0

Comments: West Basin Long-Term High Salinity Study

  Page 1 ToxCalc 5.0 Reviewed by:_____



Echinoderm Survival and Development Test-Proportion Alive
Start Date: 1/19/2012 15:12 Test ID: C120118.0246 Sample ID: 40 ppt Batch
End Date: 1/23/2012 14:40 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 1/18/2012 10:00 Protocol: USEPA98-USACE / USEPA Test Species: SP-Strongylocentrotus purpuratus
Comments:  West Basin Long-Term High Salinity Study

Conc-% 1 2 3 4
33 0.6934 0.5377 0.6462 0.4953
40 0.4764 0.3302 0.4528 0.4858

Transform: Arcsin Square Root 1-Tailed
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD

33 0.5932 1.0000 0.8804 0.7807 0.9840 10.735 4
*40 0.4363 0.7356 0.7208 0.6121 0.7712 10.237 4 2.662 1.943 0.1165

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.89975 0.818 -0.3931 -1.4524
F-Test indicates equal variances (p = 0.69) 1.64056 47.4683
Hypothesis Test (1-tail, 0.05) MSDu MSDp MSB MSE F-Prob df
Homoscedastic t Test indicates significant differences 0.11592 0.19501 0.05092 0.00719 0.03745 1, 6
Treatments vs 33

Dose-Response Plot

1-tail, 0.05 level
of significance
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Echinoderm Survival and Development Test-Proportion Normal
Start Date: 1/19/2012 15:12 Test ID: C120118.0246 Sample ID: 40 ppt Batch
End Date: 1/23/2012 14:40 Lab ID: CCA-Carlsbad, Weston Sample Type: EFF2-Industrial
Sample Date: 1/18/2012 10:00 Protocol: USEPA98-USACE / USEPA Test Species: SP-Strongylocentrotus purpuratus
Comments:  West Basin Long-Term High Salinity Study

Conc-% 1 2 3 4
33 0.0748 0.0526 0.0292 0.0286
40 0.0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root 1-Tailed
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD

33 0.0463 1.0000 0.2125 0.1698 0.2771 24.319 4
*40 0.0000 0.0000 0.0343 0.0343 0.0343 0.000 4 6.895 2.353 0.0608

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.87646 0.818 0.6394 1.27034
Equality of variance cannot be confirmed
Hypothesis Test (1-tail, 0.05) MSDu MSDp MSB MSE F-Prob df
Heteroscedastic t Test indicates significant differences 0.02165 0.48664 0.0635 0.00134 4.6E-04 1, 6
Treatments vs 33

Dose-Response Plot

1-tail, 0.05 level
of significance0
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APPENDIX B 

LONG-TERM EXPOSURE ASSESSMENT: 
TRIAL 3 

  



 

 

 

 

 

 

 

 

 

Water Quality Data 

 

 

 

 

 

 

 

 

 

 

 







































 

 

 

 

 

 

 

 

 

Behavioral Observations 

 

 

 

 

 

 

 

 

 

 

 























 

 

 

 

 

 

 

 

 

Mortality Data 

 

 

 

 

 

 

 

 

 

 

 





 

 

 

 

 

 

 

 

 

Statistical Analyses and Laboratory Benchsheets 

 

 

 

 

 

 

 

 

 

 

 



Test: EC-Echinoderm Survival and Development Test Test ID: C120521.01
Species: SP-Strongylocentrotus purpuratus Protocol: USEPA98-USACE / USEPA 1998
Sample ID: 33 ppt Batch (Ambient) Sample Type: EFF2-Industrial
Start Date: 6/19/2012 14:35              End Date: 6/19/2012 15 Lab ID: NAU-Nautilus Environmental

Pos ID Rep Group Initial DensityFinal Density Total Counte Number Normal Notes
1 1 33 368 358 358 347
2 2 33 368 350 350 325
3 3 33 368 348 348 333
4 4 33 368 309 309 271
5 5 33 368 357 357 324
6 1 40 368 300 300 59
7 2 40 368 305 305 48
8 3 40 368 310 310 124
9 4 40 368 282 282 8

10 5 40 368 318 318 158
Comments: West Basin Long-Term High Salinity Study
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Echinoderm Survival and Development Test-Proportion Alive
Start Date: 6/19/2012 14:35 Test ID: C120521.01 Sample ID: 33 ppt Batch (Ambient)
End Date: 6/19/2012 15:15 Lab ID: NAU-Nautilus Environmental Sample Type: EFF2-Industrial
Sample Date: 6/19/2012 10:15 Protocol: USEPA98-USACE / USEPA Test Species: SP-Strongylocentrotus purpuratus
Comments:  West Basin Long-Term High Salinity Study

Conc-% 1 2 3 4 5
33 0.9728 0.9511 0.9457 0.8397 0.9701
40 0.8152 0.8288 0.8424 0.7663 0.8641

Transform: Arcsin Square Root 1-Tailed
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD

33 0.9359 1.0000 1.3289 1.1588 1.4052 7.505 5
*40 0.8234 0.8798 1.1386 1.0662 1.1933 4.162 5 3.854 1.860 0.0918

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.85892 0.842 -1.5147 2.56137
F-Test indicates equal variances (p = 0.18) 4.43057 23.1539
Hypothesis Test (1-tail, 0.05) MSDu MSDp MSB MSE F-Prob df
Homoscedastic t Test indicates significant differences 0.04992 0.05296 0.09056 0.0061 0.00485 1, 8
Treatments vs 33

Dose-Response Plot

1-tail, 0.05 level
of significance
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Echinoderm Survival and Development Test-Proportion Normal
Start Date: 6/19/2012 14:35 Test ID: C120521.01 Sample ID: 33 ppt Batch (Ambient)
End Date: 6/19/2012 15:15 Lab ID: NAU-Nautilus Environmental Sample Type: EFF2-Industrial
Sample Date: 6/19/2012 10:15 Protocol: USEPA98-USACE / USEPA Test Species: SP-Strongylocentrotus purpuratus
Comments:  West Basin Long-Term High Salinity Study

Conc-% 1 2 3 4 5
33 0.9693 0.9286 0.9569 0.8770 0.9076
40 0.1967 0.1574 0.4000 0.0284 0.4969

Transform: Arcsin Square Root 1-Tailed
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD

33 0.9279 1.0000 1.3062 1.2125 1.3946 5.635 5
*40 0.2559 0.2757 0.5007 0.1692 0.7823 48.233 5 7.133 1.860 0.2100

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.96335 0.842 -0.2562 1.02584
F-Test indicates equal variances (p = 0.04) 10.7662 23.1539
Hypothesis Test (1-tail, 0.05) MSDu MSDp MSB MSE F-Prob df
Homoscedastic t Test indicates significant differences 0.14042 0.15073 1.62189 0.03187 9.9E-05 1, 8
Treatments vs 33

Dose-Response Plot

1-tail, 0.05 level
of significance
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Test: EC-Echinoderm Survival and Development Test Test ID: C120521.02
Species: SP-Strongylocentrotus purpuratus Protocol: USEPA98-USACE / USEPA 1998
Sample ID: 40 ppt Batch (Exposure) Sample Type: EFF2-Industrial
Start Date: 6/19/2012 14:35              End Date: 6/19/2012 15 Lab ID: NAU-Nautilus Environmental

Pos ID Rep Group Initial DensityFinal Density Total Counte Number Normal Notes
1 1 33 327 334 334 288
2 2 33 327 293 293 267
3 3 33 327 329 329 291
4 4 33 327 313 313 240
5 5 33 327 244 244 224
6 1 40 327 283 283 0
7 2 40 327 315 315 0
8 3 40 327 297 297 0
9 4 40 327 270 270 0

10 5 40 327 283 283 0
Comments: West Basin Long-Term High Salinity Study
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Echinoderm Survival and Development Test-Proportion Alive
Start Date: 6/19/2012 14:35 Test ID: C120521.02 Sample ID: 40 ppt Batch (Exposure)
End Date: 6/19/2012 15:15 Lab ID: NAU-Nautilus Environmental Sample Type: EFF2-Industrial
Sample Date: 6/19/2012 10:15 Protocol: USEPA98-USACE / USEPA Test Species: SP-Strongylocentrotus purpuratus
Comments:  West Basin Long-Term High Salinity Study

Conc-% 1 2 3 4 5
33 1.0000 0.8960 1.0000 0.9572 0.7462
40 0.8654 0.9633 0.9083 0.8257 0.8654

Transform: Arcsin Square Root 1-Tailed
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD

33 0.9199 1.0000 1.3468 1.0428 1.5431 15.779 5
40 0.8856 0.9628 1.2343 1.1401 1.3780 7.405 5 1.087 1.860 0.1924

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.93562 0.842 -0.4561 0.34506
F-Test indicates equal variances (p = 0.13) 5.40541 23.1539
Hypothesis Test (1-tail, 0.05) MSDu MSDp MSB MSE F-Prob df
Homoscedastic t Test indicates no significant differences 0.11424 0.12017 0.03162 0.02676 0.30868 1, 8
Treatments vs 33

Dose-Response Plot

1-tail, 0.05 level
of significance
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Echinoderm Survival and Development Test-Proportion Normal
Start Date: 6/19/2012 14:35 Test ID: C120521.02 Sample ID: 40 ppt Batch (Exposure)
End Date: 6/19/2012 15:15 Lab ID: NAU-Nautilus Environmental Sample Type: EFF2-Industrial
Sample Date: 6/19/2012 10:15 Protocol: USEPA98-USACE / USEPA Test Species: SP-Strongylocentrotus purpuratus
Comments:  West Basin Long-Term High Salinity Study

Conc-% 1 2 3 4 5
33 0.8623 0.9113 0.8845 0.7668 0.9180
40 0.0000 0.0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root Rank 1-Tailed
Conc-% Mean N-Mean Mean Min Max CV% N Sum Critical

33 0.8686 1.0000 1.2060 1.0668 1.2804 7.104 5
*40 0.0000 0.0000 0.0277 0.0277 0.0277 0.000 5 15.00 19.00

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.05) 0.78722 0.842 -1.5232 4.30704
Equality of variance cannot be confirmed
Hypothesis Test (1-tail, 0.05)
Wilcoxon Two-Sample Test indicates significant differences
Treatments vs 33

Dose-Response Plot
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Test: EC-Echinoderm Survival and Development Test Test ID: C120521.03
Species: SP-Strongylocentrotus purpuratus Protocol: USEPA98-USACE / USEPA 1998
Sample ID: 33 ppt Batch (Ambient) Sample Type: EFF2-Industrial
Start Date: 7/10/2012 12:28              End Date: 7/10/2012 13 Lab ID: NAU-Nautilus Environmental

Pos ID Rep Group Initial DensityFinal Density Total Counte Number Normal Notes
1 1 33 310 287 287 82
2 2 33 310 208 208 39
3 3 33 310 310 310 87
4 4 33 310 345 345 96
5 5 33 310 256 256 33
6 1 40 310 236 236 0
7 2 40 310 321 321 0
8 3 40 310 170 170 0
9 4 40 310 276 276 0

10 5 40 310 262 262 0
Comments: West Basin Long-Term High Salinity Study
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Echinoderm Survival and Development Test-Proportion Alive
Start Date: 7/10/2012 12:28 Test ID: C120521.03 Sample ID: 33 ppt Batch (Ambient)
End Date: 7/10/2012 13:08 Lab ID: NAU-Nautilus Environmental Sample Type: EFF2-Industrial
Sample Date: 7/9/2012 12:15 Protocol: USEPA98-USACE / USEPA Test Species: SP-Strongylocentrotus purpuratus
Comments:  West Basin Long-Term High Salinity Study

Conc-% 1 2 3 4 5
33 0.9258 0.6710 1.0000 1.0000 0.8258
40 0.7613 1.0000 0.5484 0.8903 0.8452

Transform: Arcsin Square Root 1-Tailed
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD

33 0.8845 1.0000 1.2960 0.9599 1.5424 19.622 5
40 0.8090 0.9147 1.1672 0.8339 1.5424 22.162 5 0.794 1.860 0.3017

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.94773 0.842 0.02949 -0.9549
F-Test indicates equal variances (p = 0.97) 1.03486 23.1539
Hypothesis Test (1-tail, 0.05) MSDu MSDp MSB MSE F-Prob df
Homoscedastic t Test indicates no significant differences 0.22347 0.24123 0.04143 0.06579 0.45036 1, 8
Treatments vs 33

Dose-Response Plot

1-tail, 0.05 level
of significance
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Echinoderm Survival and Development Test-Proportion Normal
Start Date: 7/10/2012 12:28 Test ID: C120521.03 Sample ID: 33 ppt Batch (Ambient)
End Date: 7/10/2012 13:08 Lab ID: NAU-Nautilus Environmental Sample Type: EFF2-Industrial
Sample Date: 7/9/2012 12:15 Protocol: USEPA98-USACE / USEPA Test Species: SP-Strongylocentrotus purpuratus
Comments:  West Basin Long-Term High Salinity Study

Conc-% 1 2 3 4 5
33 0.2857 0.1875 0.2806 0.2783 0.1289
40 0.0000 0.0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root 1-Tailed
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD

33 0.2322 1.0000 0.4986 0.3672 0.5639 17.635 5
*40 0.0000 0.0000 0.0284 0.0284 0.0284 0.000 5 11.957 2.132 0.0838

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.84305 0.842 -1.1859 2.05579
Equality of variance cannot be confirmed
Hypothesis Test (1-tail, 0.05) MSDu MSDp MSB MSE F-Prob df
Heteroscedastic t Test indicates significant differences 0.06628 0.28985 0.55271 0.00387 2.2E-06 1, 8
Treatments vs 33

Dose-Response Plot

1-tail, 0.05 level
of significance
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Test: EC-Echinoderm Survival and Development Test Test ID: C120521.04
Species: SP-Strongylocentrotus purpuratus Protocol: USEPA98-USACE / USEPA 1998
Sample ID: 40 ppt Batch (Exposure) Sample Type: EFF2-Industrial
Start Date: 7/10/2012 12:28              End Date: 7/10/2012 13 Lab ID: NAU-Nautilus Environmental

Pos ID Rep Group Initial DensityFinal Density Total Counte Number Normal Notes
1 1 33 222 159 159 0
2 2 33 222 122 122 0
3 3 33 222 139 139 0
4 4 33 222 129 129 0
5 5 33 222 113 113 0
6 1 40 222 78 78 0
7 2 40 222 145 145 0
8 3 40 222 33 33 0
9 4 40 222 107 107 0

10 5 40 222 111 111 0
Comments: West Basin Long-Term High Salinity Study
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Echinoderm Survival and Development Test-Proportion Alive
Start Date: 7/10/2012 12:28 Test ID: C120521.04 Sample ID: 40 ppt Batch (Exposure)
End Date: 7/10/2012 13:08 Lab ID: NAU-Nautilus Environmental Sample Type: EFF2-Industrial
Sample Date: 7/9/2012 12:15 Protocol: USEPA98-USACE / USEPA Test Species: SP-Strongylocentrotus purpuratus
Comments:  West Basin Long-Term High Salinity Study

Conc-% 1 2 3 4 5
33 0.7162 0.5495 0.6261 0.5811 0.5090
40 0.3514 0.6532 0.1486 0.4820 0.5000

Transform: Arcsin Square Root 1-Tailed
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD

33 0.5964 1.0000 0.8836 0.7944 1.0090 9.328 5
40 0.4270 0.7160 0.7048 0.3958 0.9411 28.960 5 1.816 1.860 0.1831

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.95969 0.842 -0.6477 1.60449
F-Test indicates equal variances (p = 0.11) 6.13208 23.1539
Hypothesis Test (1-tail, 0.05) MSDu MSDp MSB MSE F-Prob df
Homoscedastic t Test indicates no significant differences 0.18203 0.30459 0.07994 0.02423 0.10684 1, 8
Treatments vs 33

Dose-Response Plot

1-tail, 0.05 level
of significance
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Echinoderm Survival and Development Test-Proportion Normal
Start Date: 7/10/2012 12:28 Test ID: C120521.04 Sample ID: 40 ppt Batch (Exposure)
End Date: 7/10/2012 13:08 Lab ID: NAU-Nautilus Environmental Sample Type: EFF2-Industrial
Sample Date: 7/9/2012 12:15 Protocol: USEPA98-USACE / USEPA Test Species: SP-Strongylocentrotus purpuratus
Comments:  West Basin Long-Term High Salinity Study

Conc-% 1 2 3 4 5
33 0.0000 0.0000 0.0000 0.0000 0.0000
40 0.0000 0.0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root
Conc-% Mean N-Mean Mean Min Max CV% N

33 0.0000 0.0336 0.0336 0.0336 0.000 5
40 0.0000 0.0336 0.0336 0.0336 0.000 5

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 1 0.842
Equality of variance cannot be confirmed

Dose-Response Plot

1-tail, 0.05 level
of significance
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APPENDIX C 

CHAIN-OF-CUSTODY, SAMPLE RECEIPT, 
AND ORGANISM RECEIPT FORMS 
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