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INTRODUCTION 

In response to the amendments made to the Ocean Plan by the California State Water Quality 
Control Board (SWQCB), Poseidon Resources [Channelside] LP (Poseidon) contracted with 
Nautilus Environmental (Nautilus) to assess the potential effects of varying salinity levels on 
sensitive larval-stage marine organisms. This study was designed and conducted for internal 
research and development purposes to support Poseidon’s effort to formulate a plan to comply 
with the Ocean Plan requirements to minimize mortality of marine life. The study design was 
focused on potential effects due to salinity fluctuations on organisms travelling into the intake 
from ambient seawater salinity in the receiving environment, through the brine dilution systems 
of the Carlsbad desalination plant, and then being discharged back into the receiving water.  
Species and endpoints evaluated for this study included red abalone (Haliotis rufescens) 
development and purple sea urchin (Strongylocentrotus purpuratus) development.  These 
species and endpoints were identified as two of the most sensitive to elevated salinity levels 
relative to other accepted monitoring species in the Ocean Plan, based on previous studies 
using standard EPA whole effluent toxicity (WET) tests (Philips et al., 2012).  However, standard 
EPA WET tests were designed to expose organisms to a given test concentration for the entire 
duration of the exposure, which is between 48 hours and 7 days, depending on the test 
protocol. Conversely, organisms would be exposed to salinity fluctuations over considerably 
shorter durations based on modeling of the plant’s operational characteristics (Jenkins 2015 and 
Alden 2015).  

Because the goal of this study was to determine a scenario that would result in no salinity-
induced adverse effects to these organisms as they travel through the brine dilution system, an 
exposure system was designed to assess several potential scenarios involving differing salinity 
levels and residence times that were within the plant’s operational capabilities.  On the basis of 
a preliminary simulation test, procedures were established to simulate the salinity fluctuations 
an organism might experience as it moves through the brine dilution system, encountering 
elevated salinity as the brine discharge is mixed with seawater from the flow augmentation 
system then a reduction in salinity to 35.5 ppt as it travels through the discharge system to the 
edge of the brine mixing (BMZ), and finally a reduction from 35.5 ppt to ambient salinity.  Using 
these procedures, this report describes the methods and results of this study, including an 
operating scenario that is expected to result in no salinity-related adverse effects to organisms 
passing through the system.  Note, the results of the study should be interpreted only to include 
parameters and conditions tested and cannot be extrapolated to interpret water quality 
parameters, durations, or other test conditions beyond those reported herein. 
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MATERIALS AND METHODS 

Exposure Scenarios 

Three scenarios to be tested were provided by Poseidon and included the expected salinity and 
duration at each point in the intake/brine dilution system based on brine dilution models (Jenkins 
2014).  

There were three distinct phases common to each exposure scenario; only the maximum 
salinity and duration of each phase were varied: 

• Phase 1 consisted of simulation of initial brine mixing with seawater from the flow 
augmentation system. The salinity was raised from ambient seawater (33.5 ppt) by 
adding 67 ppt brine at a rate calculated to reach the desired salinity within approximately 
one minute, and then held there for a specified amount of time depending on the 
scenario being tested.   

• Phase 2 involved simulation of the dilution that occurs in the BMZ technology.  
Continuous addition of ambient seawater at a rate calculated to reach 35.5 ppt within a 
specified period.  

• Phase 3 represents the return to ambient seawater salinity from 35.5 ppt, with the rate of 
return varied according to specification. 

All scenarios assumed that transitions between salinity levels were linear. The tests were 
conducted in a step-wise manner, starting with the lowest salinity and duration, and then testing 
at increased salinity and duration if no effects were observed. The various scenarios tested, as 
well as species tested and test dates, are described in Table 1.  

 

Table 1. Exposure Scenarios and Test Dates for the Pump/Brine Dilution Study   

Exposure 
Scenario Species; Test Date Phase 1 Phase 2 Phase 3 

1 
Abalone; 02/06/15 
Urchin; 02/17/15 

33.5 to 44 ppt in one 
minute, hold for 2.8 

minutes 

44 to 35.5 ppt 
in 39 minutes 

35.5 to 33.5 
ppt in 30 
minutes 

2 Abalone; 01/30/15 
33.5 to 42 ppt in one 
minute, hold for 2.2 

minutes 

42 to 35.5 ppt 
in 36 minutes 

35.5 to 33.5 
ppt in 30 
minutes 

3 Abalone; 01/22/15 
33.5 to 40 ppt in one 
minute, hold for 1.7 

minutes 

40 to 35.5 ppt 
in 34 minutes 

35.5 to 33.5 
ppt in 30 
minutes 
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Water Quality 

All water used in this study was natural seawater collected off the Scripps Institution of 
Oceanography (SIO) pier in La Jolla, California.  Hypersaline seawater (brine), derived from 
freezing natural seawater, was added to ambient seawater to increase the salinity to the 
appropriate level.  A static brine control was also tested at ambient salinity by mixing brine with 
deionized water and seawater. The brine control incorporated the highest percentage brine 
used in the exposure and was tested to ensure that effects observed in the bench-top 
exposures were not attributable to the brine itself.  

Water quality parameters (i.e., pH, dissolved oxygen (DO), salinity, temperature) were 
measured on both the brine and ambient seawater prior to test initiation, and once daily for the 
duration of the test in a surrogate test chamber. Salinity and temperature were measured 
throughout the scenarios in both the control and exposure systems after the first minute of 
Phase 1, at the end of Phase 1, and every 5 to 15 minutes in Phases 2 and 3. A Hach 
SensION5 salinity meter calibrated daily to a certified 35.0 ppt standard solution was used for all 
salinity readings throughout the study.  

Bench-Top Pump/Brine Dilution System 

The bench-top system consisted of a shallow plastic bin fitted with drains containing 4 liters of 
seawater.  Cylindrical plexiglass screen tubes with 35-µm screens on the bottom to retain 
organisms were inserted into the plastic bin.  A pump was placed in the exposure bin, with a 
flow set at approximately six liters per minute to mix the input water with the existing water in the 
exposure bin.  Input water (brine or seawater, depending on which phase of testing) was 
delivered to the bin via gravity through a 1/8” plastic tube with flow rates adjusted to achieve the 
desired salinity levels in the required amount of time.  Water was delivered into the bin directly 
adjacent to the intake for the pump. Additional mixing was accomplished by manually raising, 
lowering, and rotating the screen tubes containing the test organisms in the bin (while keeping 
organisms below the water line) periodically throughout the entire exposure scenario to ensure 
that there was constant equilibration of salinity inside the screen tubes, as well as inside the 
exposure bin.  The entire bench top system was contained within an environmental chamber to 
maintain a temperature of 15 ± 1 degrees Celsius (°C) throughout the tests.  

In addition to the bench-top exposures to salinity fluctuations, a control was conducted in 
parallel for each scenario.  The control setup was identical to the bench-top exposure setup and 
experienced the same volume inputs and physical movements.  However, the exposure setup 
experienced salinity changes in accordance with the scenario parameters, whereas the control 
had inputs consisting of only ambient seawater.  This procedure allowed for the isolation of 
salinity as the only factor that varied between the control and exposure.     

While the proportion of normal development after the conclusion of all three exposure phases 
was the endpoint of interest, a subset of replicates was removed after each phase to evaluate 
any phase-specific adverse effects to the test organisms.  This step was important to determine 
at which point the embryos were most sensitive and allowed for appropriate adjustment in 
salinity and/or duration in subsequent scenarios.  Whether removed intermittently or at the 
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conclusion of the exposure scenario (i.e., at the end of Phase 3), all replicates were placed in a 
separate bin containing seawater at ambient salinity for the remainder of the test duration.   

 
Toxicity Testing Conditions 

Test methods generally followed those described in Short-Term Methods for Estimating the 
Chronic Toxicity of Effluents and Receiving Waters to West Coast Marine and Estuarine 
Organisms (EPA/600/R-95/136).  However, due to the nature of the study some modifications, 
such as test chamber size and water volume per replicate, were made to the methods to 
accommodate exposure types.  General test methods for each species are provided in Tables 2 
and 3.   

Table 2. Red Abalone Development Test Specifications 
Test Organism; age: Red Abalone (Haliotis rufescens); newly fertilized 

embryos (within one hour of fertilization) 

Test Duration and Endpoint: 48-hour normal development rate 

Test Organism Source: American Abalone (Davenport, CA) 

Number of Organisms per Replicate: ~200   

Test Chamber: plexiglass screen tubes with 35-µm screens 

Number of Replicates: Between 10 and 12 total per scenario, with two to 
five replicates per test phase, including one water 
quality surrogate. 

Test Temperature: 15 ± 1 oC 

Test Acceptability Criteria: Mean normal shell development in the lab control 
must be ≥ 80 percent. Must have a statistically  
significant effect at 56 μg/L zinc; must achieve a 
MSD of <20%. 

Concurrent Reference Toxicant Test: Zinc Sulfate 
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Table 3. Purple Urchin Development Test Specifications 
Test Organism; age: Purple sea urchin (Strongylocentrotus purpuratus); 

newly fertilized embryos (within one hour of 
fertilization) 

Test Duration and Endpoint: 72-hour normal development rate 

Test Organism Source: Field collected off Point Loma, San Diego, CA 

Number of Organisms per Replicate: ~250   

Test Chamber: plexiglass screen tubes with 35-µm screens 

Number of Replicates: Three replicates per phase, and one water quality 
surrogate. 

Test Temperature: 15 ± 1 oC 

Test Acceptability Criteria: Mean normal development in the lab control must 
be ≥ 80 percent; must achieve a MSD of <25% 

Concurrent Reference Toxicant Test: Copper chloride 
 

As noted above, each exposure period lasted approximately one to two hours including the 
initial brine spike, followed by an incremental return to ambient salinity. The embryos were then 
incubated in ambient seawater for the remainder of the protocol prescribed testing period (i.e., 
48 hr for abalone, 72 hr for urchins).  After the grow-out, all embryos were transferred to 30-mL 
glass shell vials, fixed with a 10% formalin solution buffered in seawater, and 100 embryos were 
scored per the EPA 1995 protocol guidelines as normal or abnormal.  All exposure scenarios 
were evaluated with red abalone, but purple sea urchins were tested only with Scenario #1 to 
provide confirmation of results with a second species. 

 
Statistical Evaluation 

Normal development data, expressed as a proportion, were arcsin square-root transformed prior 
to analysis to normalize the distribution of the data and satisfy statistical assumptions for 
analysis.  Following transformation, homogeneity of variance was evaluated using the F test.  
Unpaired one-tailed Student’s t-tests were performed between the control and brine for each 
phase where mean normal development in the brine test was less than that in the control.  If 
variances were significantly different, the t-test was performed using Welch’s correction (Zar 
1984).  Statistical analyses were performed using GraphPad Prism software, Version 4.02.  
Tests were considered statistically significant when p values were less than or equal to 0.05.  
Statistical analyses of reference toxicant data followed standard USEPA flow chart methods 
specified for these test types using the Comprehensive Environmental Toxicity Information 
System™ (CETIS) program by Tidepool Scientific Software.   
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RESULTS AND DISCUSSION 

A summary of the results for normal development at the end of Phase 3 for all Exposure 
Scenarios and species is shown in Figure 1. Results for all species and exposure scenarios are 
presented in Table 4.  Full test results, including all water quality measurements and summary 
tables, are presented in Appendix A.  

 

 
 
Figure 1. Mean Normal Development after Completion of Phase 3 for all four Scenarios (S1-S3). 
Scenario #1: P1 44 ppt for 2.8 min, P2: 39 min, P3: 30 min; Scenario #2: P1 42 ppt for 2.2 min, P2: 36 
min, P3: 30 min; Scenario #3: P1 40 ppt for 1.7 min, P2: 34 min, P3: 30 min. 
 
 
None of the three scenarios described in this report resulted in statistically significant effects 
after Phase 3 compared to the control exposure (p<0.05).  In all exposure scenarios, replicates 
were terminated after each of the phases.  There was one statistically significant effect (p<0.05) 
that was detected in Phase 1 of Exposure Scenario #2.  However, the effect was small (8.5 
percent compared to the Phase 1 control results), and there were no statistically significant 
effects observed in Phase 2 or 3 of this exposure compared to the controls. Therefore, we 
conclude that this finding was not due to the treatment itself. 

Although urchins were tested only with Scenario #1, the similarity of results to those obtained for 
abalone suggests that the abalone results should be predictive of those obtained with 
echinoderms.  
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    Table 4. Summary of Results for Bench-top Exposure Scenarios 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

P1, P2, P3 = Phase 1, 2, and 3 
* An asterisk indicates a statistically significant decrease compared to the control (p < 0.05) 
a The abalone test Scenario #3 conducted on January 22 did not meet the 80% test acceptability criterion for normal development in the control; see QA section.

Scenario 
# 

Scenario Description Test date Species Tested 
Mean Normal Development 

Sample Phase 1 Phase 2 Phase 3 

1 
P1: 44 ppt for 2.8 minutes; 
P2: 39 min.; P3: 30 min. 

2/6/15 
Abalone 

Development 

Control 83.8 77.7 80.5 

Brine Exposure 76.7* 79.1 78.8 

1 
P1: 44 ppt for 2.8 min.;   

P2: 39 min.; P3: 30 min. 
2/17/15 

Urchin 
Development 

Control 93.7 92.0 89.3 

Brine Exposure 91.3 90.3 91.3 

2 
P1: 42 ppt for 2.2 min.;   

P2: 36 min.; P3: 30 min. 
1/30/15 

Abalone 
Development 

Control 94.0 93.7 94.3 

Brine Exposure 95.7 92.7 91.7 

3 
P1: 40 ppt for 1.7 min.;   

P2: 34 min.; P3: 30 min. 
1/22/15 

Abalone 
Developmenta 

Controla 66.0 61.0 67.3 

Brine Exposure 68.5 67.0 60.3 
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QUALITY ASSURANCE 

Each exposure was timed so that the embryos were added within 1-hour of fertilization at the 
beginning of Phase 1, except for the abalone test on Exposure Scenario #3 in which the 
embryos were added 1 hour and 12 minutes after fertilization.  However, this test also did not 
meet control test acceptability with regards to normal development.  Both the control for bench-
top exposure and the control in the concurrent reference toxicant test were below 80 percent 
mean normal development.  Although this test failed to meet this acceptability criterion, there 
was no significant difference between the treatment and control exposures.  Therefore, the data 
are reported herein because the response relative to control was considered valuable in 
deciding which scenario to use in the subsequent test. In fact, the follow-up test (Exposure 
Scenario #2), initiated on January 30, 2015 at a higher salinity rate and duration resulted in no 
statistically significant effects treatment compared to the control.   

All nominal salinity targets were met within plus or minus 1 ppt.  Where there were any 
exceedances of the nominal targeted salinity, they were usually above the required level, which 
would result in a more conservative assessment of the effects.  Regardless, any differences 
between target and measured salinity levels were not likely to impact the final test results.   

 

REFERENCE TOXICANT TESTING 

Concurrent reference toxicant tests were conducted with all exposure scenarios.  All reference 
toxicant tests met the minimum test acceptability criteria, except for the abalone development 
test initiated on January 22, 2015 with Scenario #3. The lab control for this test did not meet the 
lab control acceptability criterion of 80 percent; however, all other test acceptability 
requirements were met. Additionally, a typical dose response was observed and the median 
effect concentration (EC50) value was within two standard deviations of the historical mean.  The 
calculated EC50 values for all other tests were also within two standard deviations of the internal 
control chart means, indicating test organism sensitivity was typical.  Reference toxicant results 
are provided in full in Appendix B.  A glossary of qualifier codes is provided in Appendix C. 
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APPENDIX A 
 

Brine Exposure Scenarios 
Raw Data and Statistical Analyses 

  



 
 

Scenario #1 
48-hour Red Abalone Larval Development 

Test Initiation Date: February 6, 2015 
  



Phase 1 Phase 2 Phase 3 

Ambient to 44 ppt in 
2.8 minutesb

44 to 35.5 ppt in 39 
minutes

 35.5 ppt to ambient 
salinity in 30 minutes

Control 83.8 77.7 80.5

Brine Exposure 76.7* 79.1 78.8

*An asterisk indicates a statistically significant decrease compared to the control (p < 0.05).

Note: Control replicates underwent all the same physical movements as brine replicates, but with ambient 
seawater only. Ambient salinity = ~33.5 ppt.

Sample IDa

Mean Percent Normal Development

b Rise from 33.5 to 44 in one minute, held for an additional 1.8 minutes.

Summary of Toxicity Test Results
Poseidon - Brine Dilution Pump Study (Scenario #1)

48-hour Abalone (Haliotis rufescens ) Development Test
Test Initiation Date: 02/06/15

a The control and brine exposure were each assigned 10 replicates. Rep A was used a water quality surrogate; 
reps B, C, and D = phase 1; reps E, F, and G = phase 2; reps H, I, and J = phase 3 (full treatment). Phase 1 and 
phase 2 treatments were moved to ambient seawater immediately after treatment for the duration of the 48-
hour exposure.  

Nautilus Environmental - San Diego Bioassay Laboratory



Sample ID Rep 

# 
Normal

# 
Counted

Percent 
Normal

 Mean 
Percent 
Normal 

Standard 
Deviation

Control (WQ surrogate) A -- -- -- -- --
B 68 80 85.0
C 76 89 85.4
D 77 95 81.1
E 68 81 84.0
F 56 85 65.9
G 69 83 83.1
H 68 84 81.0
I 67 82 81.7
J 67 85 78.8

Brine Exposure (WQ surrogate) A -- -- -- -- --
B 58 77 75.3
C 44 59 74.6
D 53 66 80.3
E 74 93 79.6
F 62 80 77.5
G 57 71 80.3
H 46 57 80.7
I 66 89 74.2
J 57 70 81.4
A 53 70 75.7
B 58 69 84.1
C 79 99 79.8
D 63 85 74.1
E 63 76 82.9

76.7 3.1

Brine Exposure (Phase 3) 78.8 4.0

1.4

Summary of Toxicity Test Results
Poseidon - Brine Dilution Pump Study (Scenario #1)

48-hour Abalone (Haliotis rufescens ) Development Test

Brine Exposure (Phase 2) 79.1

83.8

77.7

80.5

2.4

10

a The control and brine exposure (Phases 1, 2, and 3) were tested in screen tubes. The brine control was tested 
in 5 replicate vials to ensure no adverse effects from the brine water used. 

Control (Phase 1)

Test Initiation Date: 02/06/15

Brine Controla 79.9 4.2

1.5

Control (Phase 2)

Control (Phase 3)

Brine Exposure (Phase 1)















 
 

Scenario #1 
72-hour Purple Urchin Larval Development 

Test Initiation Date: February 17, 2015 



Phase 1 Phase 2 Phase 3 

Ambient to 44 ppt in 
2.8 minutesb

44 to 35.5 ppt in 39c 

minutes
 35.5 ppt to ambient 
salinity in 30 minutes

Control 93.7 92.0 89.3

Brine Exposure 91.3 90.3 91.3

Note: Control replicates underwent all the same physical movements as brine exposure replicates, but with 
ambient seawater only. Ambient salinity = ~33.5 ppt.

Sample IDa

Mean Percent Normal Development

b Rise from 33.5 to 44 in one minute, held for an additional 1.8 minutes.

Summary of Toxicity Test Results
Poseidon - Brine Dilution Pump Study (Scenario #1)

72-hour Purple Urchin (Strongylocentrotus purpuratus ) Development Test
Test Initiation Date: 02/17/15

a The control and brine exposure were each assigned 10 replicates. Rep A was used a water quality surrogate; 
reps B, C, and D = phase 1; reps E, F, and G = phase 2; reps H, I, and J = phase 3 (full treatment). Phase 1 and 
phase 2 treatments were moved to ambient seawater immediately after treatment for the duration of the 72-
hour exposure.  

c The time duration for phase 2 was intended to be 39 minutes, but actual time was 38 minutes 12 seconds due 
to rounding error.  
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Sample ID Rep 

# 
Normal

# 
Counted

Percent 
Normal

 Mean 
Percent 
Normal 

Standard 
Deviation

Control (WQ surrogate) A -- -- -- -- --
B 94 100 94.0
C 96 100 96.0
D 91 100 91.0
E 96 100 96.0
F 93 100 93.0
G 87 100 87.0
H 89 100 89.0
I 92 100 92.0
J 87 100 87.0

Brine Exposure (WQ surrogate) A -- -- -- -- --
B 88 100 88.0
C 91 100 91.0
D 95 100 95.0
E 86 100 86.0
F 93 100 93.0
G 92 100 92.0
H 93 100 93.0
I 90 100 90.0
J 91 100 91.0
A 96 100 96.0
B 94 100 94.0
C 93 100 93.0
D 97 100 97.0
E 94 100 94.0

Control (Phase 1)

Test Initiation Date: 02/17/15

Brine Controla 94.8 1.6

Detailed Summary of Toxicity Test Results
Poseidon - Brine Dilution Pump Study (Scenario #1)

72-hour Purple Urchin (Strongylocentrotus purpuratus ) Development Test

Brine Exposure (Phase 2) 90.3

93.7

92.0

89.3

2.5

4.6

2.5

a The control and brine exposure (Phases 1, 2, and 3) were tested in screen tubes. The brine control was tested 
in 5 replicate vials to ensure no adverse effects from the brine water used. 

Control (Phase 2)

Control (Phase 3)

Brine Exposure (Phase 1) 91.3 3.5

Brine Exposure (Phase 3) 91.3 1.5

3.8















 
 

Scenario #2 
48-hour Red Abalone Larval Development 

Test Initiation Date: January 30, 2015 



Phase 1 Phase 2 Phase 3 

Ambient to 42 ppt in 
2.2 minutesb

42 to 35.5 ppt in 36 
minutes

 35.5 ppt to ambient 
salinity in 30 minutes

Control 94.0 93.7 94.3

Brine Exposure 95.7 92.7 91.7

Note: Lab control replicates underwent all the same physical movements as brine replicates, but with ambient 
seawater only. Ambient salinity = ~33.5 ppt.

Sample IDa

Mean Percent Normal Development

b Rise from 33.5 to 42 in one minute, held for an additional 1.2 minutes.

Summary of Toxicity Test Results
Poseidon - Brine Dilution Pump Study (Scenario #2)

48-hour Abalone (Haliotis rufescens ) Development Test
Test Initiation Date: 01/30/15

a The control and brine exposure were each assigned 10 replicates. Rep A was used a water quality surrogate; reps 
B, C, and D = phase 1; reps E, F, and G = phase 2; reps H, I, and J = phase 3 (full treatment). Phase 1 and phase 2 
treatments were moved to ambient seawater immediately after treatment for the duration of the 48-hour exposure.  
No statistically significant effects were calculated (p < 0.05).
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Sample ID Rep 

# 
Normal

# 
Counted

Percent 
Normal

 Mean 
Percent 
Normal 

Standard 
Deviation

Control (WQ surrogate) A -- -- -- -- --
B 91 100 91.0
C 95 100 95.0
D 96 100 96.0
E 95 100 95.0
F 94 100 94.0
G 92 100 92.0
H 96 100 96.0
I 92 100 92.0
J 95 100 95.0

Brine Exposure (WQ surrogate) A -- -- -- -- --
B 96 100 96.0
C 93 100 93.0
D 98 100 98.0
E 89 100 89.0
F 94 100 94.0
G 95 100 95.0
H 94 100 94.0
I 91 100 91.0
J 90 100 90.0
A 91 100 91.0
B 94 100 94.0
C 92 100 92.0
D 91 100 91.0
E 96 100 96.0

Summary of Toxicity Test Results
Poseidon - Brine Dilution Pump Study (Scenario #2)

48-hour Abalone (Haliotis rufescens ) Development Test
Test Initiation Date: 01/30/15

Control (Phase 1) 94.0 2.6

Control (Phase 2) 93.7 2.0

Control (Phase 3) 94.3 2.1

Brine Exposure (Phase 1) 95.7 2.5

Brine Exposure (Phase 2) 92.7 0.58

a The control and brine exposure (Phases 1, 2, and 3) were tested in screen tubes. The brine control was 
tested in 5 replicate vials to ensure no adverse effects from the brine water used. 

Brine Exposure (Phase 3) 91.7 2.1

92.8 2.2Brine Controla















 
 

Scenario #3 
48-hour Red Abalone Larval Development 

Test Initiation Date: January 22, 2015 
  



Phase 1 Phase 2 Phase 3 

Ambient to 40 ppt for 
1.7 minutesb

40 to 35.5 ppt in 34 
minutes

 35.5 ppt to ambient 
salinity in 30 minutes

Controlc 66.0 61.0 67.3

Brine Exposure 68.5 67.0 60.3

Summary of Toxicity Test Results
Poseidon - Brine Dilution Pump Study (Scenario #3)

48-hour Abalone (Haliotis rufescens ) Development Test
Test Initiation Date: 01/22/15

a The control and brine exposure were each assigned 12 replicates. Rep A was used a water quality surrogate; reps B and C = 
phase 1; reps H and I = phase 2 {reps D through G ended early in Phase 2 for observation and are not included in the mean};
reps J, K, L = phase 3 (full treatment). Phase 1 and phase 2 treatments were moved to ambient seawater immediately after 
treatment for the duration of the 48-hour exposure. 
b Salinity reached 39.2 ppt after the first minute, and remained between between 39 and 40 for at least 5 minutes. See water 
quality datasheet for detail.
c The control did not meet the minimum test acceptability criterion of 80 percent mean normal development. However, this 
test was experimental and not for compliance, and the data are reported as they are useful for determining next steps for 
testing. 

Note: Control replicates underwent all the same physical movements as brine replicates, but with ambient seawater only. 
Ambient salinity = ~33.5 ppt.

Sample IDa

Mean Percent Normal Development

Nautilus Environmental - San Diego Bioassay Laboratory



Sample ID Rep 

# 
Normal

# 
Counted

Percent 
Normal

 Mean 
Percent 
Normal 

Standard 
Deviation

Control (WQ surrogate) A -- -- -- -- --
B 67 100 67.0
C 65 100 65.0
D 64 100 64.0
E 66 100 66.0
F 73 100 73.0
G 69 100 69.0
H 62 100 62.0
I 60 100 60.0
J 62 100 62.0
K 66 100 66.0
L 74 100 74.0

Brine Exposure (WQ surrogate) A -- -- -- -- --
B 73 100 73.0
C 64 100 64.0
D 68 100 68.0
E 76 100 76.0
F 68 100 68.0
G 68 100 68.0
H 66 100 66.0
I 68 100 68.0
J 65 100 65.0
K 56 100 56.0
L 60 100 60.0

a only reps H & I went through the entire P2, other reps were pulled early. 

Summary of Toxicity Test Results
Poseidon - Brine Dilution Pump Study (Scenario #3)

48-hour Abalone (Haliotis rufescens ) Development Test
Test Initiation Date: 01/22/15

Control (Phase 1) 66.0 1.53

Control (Phase 2)a

65.0 3.5

71.0 4.7

61.0 3.1

Control (Phase 3) 67.3 5.59

Brine Exposure (Phase 1) 68.5 4.51

Brine Exposure (Phase 3) 60.3 4.90

Brine Exposure (Phase 2)

72.0 4.6

68.0 1.2

67.0 6.2















 
 

APPENDIX B 
 

Reference Toxicant Test Data 
  



 
 

48-hour Red Abalone Larval Development 
Test Initiation Date: January 22, 2015





















 
 

48-hour Red Abalone Larval Development 
Test Initiation Date: January 30, 2015  





















 
 

48-hour Red Abalone Larval Development 
Test Initiation Date: February 6, 2015 

  





















 
 

72-hour Purple Urchin Larval Development 
Test Initiation Date: February 17, 2015 





















 

 

APPENDIX C 
 

Lab Qualifier Codes 
  



Updated: 11/1/14 

 

Glossary of Qualifier Codes: 

Laboratory Procedures 

Q1 -  Temperatures out of recommended range; corrective action taken and recorded in Test 
Temperature Correction Log 

Q2 -  Temperatures out of recommended range; no action taken, test terminated same day 

Q3 -  Sample aerated prior to initiation or renewal due to dissolved oxygen (D.O.) levels below 6.0 
mg/L 

Q4 -  Test aerated; D.O. levels dropped below 4.0 mg/L 

Q5 -  Test initiated with aeration due to an anticipated drop in D.O. 

Q6 -  Airline obstructed or fell out of replicate and replaced; drop in D.O. occurred 

Q7 -  Salinity out of recommended range 

Q8 -  Spilled test chamber/ Unable to recover test organism(s)  

Q9 - Inadequate sample volume remaining, 50% renewal performed 

Q10 -    Inadequate sample volume remaining, no renewal performed 

Q11 - Sample out of holding time; refer to QA section of report 

Q12 - Replicate(s) not initiated; excluded from data analysis 

Q13 - Survival counts not recorded due to poor visibility or heavy debris 

Q14 - D.O. percent saturation was checked and was ≤ 110% 

 

 

Data Analysis/Reporting 

Q15 - Did not meet minimum test acceptability criteria.  Refer to QA section of report.   

Q16 - Percent minimum significant difference (PMSD) was below the lower bound limit for acceptability.  
This indicates that statistics may be over-sensitive in detecting a difference from the control due 
to low variability in the data set. 

Q17 - Percent minimum significant difference (PMSD) was above the upper bound limit for acceptability.  
This indicates that statistics may be under-sensitive in detecting a difference from the control due 
to high variability in the data set.   

 
Error Correction 
 

Q18 - Incorrect Entry 

Q19 - Illegible Entry 

Q20 - Miscalculation 

Q21 - Other (provide reason in comments section) 
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