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Data Quality Assurance:    

o Nautilus Environmental is accredited in accordance with NELAP by the State of 
Oregon Environmental Laboratory Accreditation Program (Certificate No. 4053-
001).  It is also certified by the State of California Water Resources Control Board 
Environmental Laboratory Accreditation Program (Certificate No. 1802) and the 
State of Washington Department of Ecology (Lab ID C552).  Specific fields of 
testing applicable to each accreditation are available upon request.   

o All data have been reviewed and verified.   

o All test results have met minimum test acceptability criteria under their respective 
EPA protocols, unless otherwise noted in this report. 

o All test results have met internal Quality Assurance Program requirements.   
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INTRODUCTION 
Acute survival bioassay screening tests were conducted to determine the sensitivity of two 
marine organisms to salinity increases above ambient seawater levels. Testing was performed 
to satisfy acute salinity tolerance requirements described in the Poseidon Resources 
[Channelside] LP (Poseidon), Carlsbad Desalination Project permit that was adopted in 2006 
(Order No. R9-2006-0065).  

Poseidon has contracted with Nautilus Environmental (Nautilus) to conduct the salinity studies. 
Acute testing was conducted using the mysid shrimp (Americamysis bahia), and Pacific 
topsmelt (Atherinops affinis) at Nautilus in San Diego, California in February and March, 2015. 
This round of testing was performed as confirmation of results from previous salinity-related 
toxicity threshold studies conducted by Weston Solutions, Inc. in 2007.   

MATERIALS AND METHODS 
Test Material 

Test material consisted of hypersaline brine (HSB) prepared at Nautilus using methods 
described in United States Environmental Protection Agency (USEPA) protocols.  Briefly, 
natural seawater collected from the intake at Scripps Institution of Oceanography (SIO) was 

filtered through a 20-m in-line filter.  Filtered seawater was then partially frozen in a -20 
degrees Celsius (°C) freezer overnight. The remaining liquid (now concentrated in salinity) was 
decanted from the ice, which is composed mainly of fresh water. The HSB used for this study 
was approximately twice the salinity of ambient seawater.  HSB was added to natural seawater 
to achieve the desired salinity test concentrations.  

Acute Screening Bioassay 

The study was performed in accordance with the United States Environmental Protection 
Agency (USEPA) protocol “Methods for Measuring the Acute Toxicity of Effluents and Receiving 
Waters to Freshwater and Marine Organisms” (EPA/821/R-02/012, October 2002).  Test 
methods are summarized in Table 1. All test parameters were equal for both species unless 
otherwise specified in the table.  
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Table 1.  Acute Test Specifications 

Test Organisms, Age: Americamysis bahia (mysid shrimp), 4-5 days old at initiation 
Atherinops affinis (Pacific topsmelt), 12-15 days old at initiation 

Test Period:   Mysid Tests:       02/05/2015, 15:45 to 02/09/2015, 13:50 

                           03/03/2015, 15:45 to 03/07/2015, 14:30 

Topsmelt Tests: 02/10/2015, 13:40 to 02/14/2015, 11:50 

                           03/05/2015, 15:50 to 03/09/2015, 14:40 

Test Organism Source: Aquatic Biosystems, Inc. (Fort Collins, Colorado) 

Organism Acclimation: Acclimated to laboratory seawater (source: Scripps Institution of 
Oceanography intake, held at Nautilus in a laboratory flow-through 
system with a 20-µm in-line fiber filter and a chiller unit). Salinity 
approximately 33 parts per thousand (ppt). 

Protocol:  USEPA Acute Manual (EPA/821/R-02/012, 2002) 
96-hr static-renewal test; 80% test solution renewal at 48 hours 

Control Water:   Lab Control: laboratory seawater  

Brine Control: hypersaline brine and de-ionized (DI) water were 
added to natural seawater at the highest brine volume tested 

Aeration: None 

Test Concentrations:  February: 38, 40, 42, and 44 ppt, plus lab and brine controls 
March: 40, 42, 43, and 44 ppt, plus lab and brine controls 

Number of Replicates, 
Organisms per Replicate:  

6 replicates, 5 animals per replicate 

Test Temperature: Mysid Tests: 25 ±1 °C 
Topsmelt Tests: 20 ±1 °C 

Feeding: Mysid Tests: Artemia nauplii, twice daily  

Topsmelt Tests: Artemia nauplii, once daily  

Test Acceptability:  Mean survival must be 90% or greater in the control 

Statistical Analysis Software:  GraphPad Prism, v. 4.02 and CETIS version 1.8.7.20 

Data Analysis and Reporting 

Toxicity test responses were statistically evaluated using the Comprehensive Environmental 
Toxicity Information System™ (CETIS) program by Tidepool Scientific Software according to 
flowchart specifications provided in method guidance (USEPA 2002).  Results were used to 
calculate the No Observed Effect Concentration (NOEC) and Lowest Observed Effect 
Concentration (LOEC) values. Since we are interested in effects relative to ambient seawater 
salinity, organism performance in the test concentrations was compared to that in the lab control 
rather than the brine control.  In cases where the brine control result was less than lab control, a 
statistical comparison was made between the two controls to ensure no adverse effects were 
produced due to the addition of HSB.   

Additionally, for a more robust analysis, data for each salinity concentration were analyzed 
using the Test of Significant Toxicity (TST) t-test approach specified in the National Pollutant 
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Discharge Elimination System Test of Significant Toxicity Implementation Document (USEPA 
2010).  The TST applies a modified t-test that takes into account both the statistical power of the 
test and magnitude of biological effects in determining the presence of a response. Results are 
reported as “Pass” if a sample is considered non-toxic according to the TST calculation, or “Fail” 
if considered toxic according to the TST.   

RESULTS  
There were no statistically significant effects observed for Pacific topsmelt survival at any of the 
salinity concentrations tested during both rounds of testing. A NOEC of 44 ppt and a LOEC of 
>44 ppt is reported for this species for both rounds of testing.  

For the test initiated February 5, 2015 survival of mysid shrimp in the highest test concentration 
(44 ppt) was 86.7 percent; this result was significantly decreased relative to the lab control 
according to the TST but was not statistically significant using statistical methods outlined in the 
statistical flowchart of the EPA 2002 test protocol. The TST resulted in a NOEC of 42 and a 
LOEC of 44, while the EPA 2002 flowchart method resulted in a NOEC of 44 and a LOEC of 
>44. During the March 2015 testing, no statistically significant effects were observed for mysid 
shrimp survival at any of the salinity concentrations tested, resulting in a NOEC of 44 and a 
LOEC of >44.  

Mean survival results for the February and March 2015 tests for both species are presented in 
Figure 1.  Tabular summaries of mean test results for the mysid shrimp and Pacific topsmelt 
toxicity tests are provided in Tables 2 and 3. A summary of the statistical analysis results for 
both species is provided in Table 4. Detailed toxicity test results and statistical summaries are 
provided in Appendix A.   

bneill
Highlight
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Figure 1.  Summary of acute survival results for mysid and topsmelt tests conducted in 
February and March 2015 (mean  SD). *The 44 ppt concentration in the February 2015 mysid 
test was statistically significant according to the TST, but was not significant using the USEPA 

2002 flowchart statistical method (Steel Many-One Rank Sum Test). 
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Table 2. Summary of 96-hr Acute Survival Toxicity Test Results – February 2015 

Test 
Concentration 

(ppt) 

Mysid Shrimp Pacific Topsmelt 

Mean 
Survival (%) 

Standard 
Deviation 

Percent 
Effecta 

Mean 
Survival (%)

Standard 
Deviation 

Percent 
Effecta 

Brine Control 100 0.0 0.0 97 8.2 0.0 

Lab Control 100 0.0 0.0 100 0.0 -3.5 

38 93 10 6.7 100 0.0 -3.5 

40 100 0.0 0.0 93 10 3.5 

42 93 10 6.7 97 8.2 0.0 

44 87* 16 13 90 11 6.9 

n=6 
a Percent Effect = ((Mean Lab Control Response – Mean Test Concentration Response)/Mean Lab Control Response)*100.  A 
negative value indicates better organism performance in the test concentrations than in the lab control. 

* Bold values indicate a statistically significant effect compared to the lab control using the Test of Significant Toxicity calculation. 
This value was not found to be statistically significant using the traditional EPA flowchart statistical approach. 

 

Table 3. Summary of 96-hr Acute Survival Toxicity Test Results – March 2015 

Test 
Concentration 

(ppt) 

Mysid Shrimp Pacific Topsmelt 

Mean 
Survival (%) 

Standard 
Deviation 

Percent 
Effecta 

Mean 
Survival (%)

Standard 
Deviation 

Percent 
Effecta 

Brine Control 97 8.2 0.0 93 10 0.0 

Lab Control 100 0.0 -3.5 97 8.2 -3.6 

40 97 8.2 0.0 97 8.2 -3.6 

42 100 0.0 -3.5 93 10 0.0 

43 90 11  6.9 97 8.2 -3.6 

44 93 10  3.5 87 16  7.1 

n=6 
a Percent Effect = ((Mean Lab Control Response – Mean Test Concentration Response)/Mean Lab Control Response)*100.  A 
negative value indicates better organism performance in the test concentrations than in the lab control.  
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Table 4. Summary of Statistical Results for 96-hr Acute Mysid Shrimp and Pacific 
Topsmelt Toxicity Tests 

Test Start Date Statistical Test Used 
NOEC  
(ppt) 

LOEC  
(ppt) 

Mysid Shrimp 

02/05/2015 
Steel Many-One Rank Sum Test 44 >44 

Test of Significant Toxicity 42   44 

03/03/2015 
Steel Many-One Rank Sum Test 44 >44 

Test of Significant Toxicity 44 >44 

Pacific Topsmelt 

02/10/2015 
Steel Many-One Rank Sum Test 44 >44 

Test of Significant Toxicity 44 >44 

03/05/2015 
Steel Many-One Rank Sum Test 44 >44 

Test of Significant Toxicity 44 >44 

NOEC = No Observed Effect Level; the highest test concentration resulting in no observed effect 

LOEC = Lowest Observed Effect Level; the lowest test concentration resulting in an observed effect 

 

QUALITY ASSURANCE 
Laboratory and brine controls met the minimum test acceptability criterion of 90 percent mean 
survival.  Variability among replicates was minimal, and the ability to detect a statistical 
difference was deemed appropriate. Additionally, appropriate alpha levels were used to 
calculate TST results for this test per the 2010 EPA TST Implementation Guidance. 

The formula for the brine control on the dilution preparation worksheet was incorrect for both 
February acute tests.  In error, the technician adjusted the salinity of the brine control with 
seawater instead of DI water.  Therefore, the volume of brine in the brine control was below that 
in the highest test concentration and the addition of brine was not properly controlled for. 
However, dilutions for all test concentrations were prepared correctly and there were no effects 
in any of the topsmelt concentrations, and only in the highest test concentration for mysid 
shrimp. The statistically significant decrease in the 44 ppt concentration of the mysid test is 
similar to results from previous studies using this species (Philips, et al. 2012).  Additionally, all 
test concentrations were compared to the seawater lab control for statistical analysis; therefore, 
this deviation should not affect the interpretation of results.   

Although there were no deviations in temperature from internal standard operating procedures 
for these tests, some evaporation occurred in the test chambers, particularly in the mysid test 
which is conducted at 25°C.  This resulted in the final salinity levels approximately 0.5 to 1.0 ppt 
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higher at the end of the test than at initiation in some concentrations. Regardless, no effects 
were observed except for the highest test concentration in the mysid test.  

Reference Toxicant Test 

The reference toxicant tests met the acceptability criterion for survival.  Additionally, the median 
lethal concentrations (LC50) calculated for all reference toxicant tests were within two standard 
deviations of the internal control chart means, indicating typical test organism sensitivity to 
copper.  Reference toxicant results are summarized in Table 5, and provided in full in Appendix 
B.  A glossary of qualifier codes used on raw datasheets is available in Appendix C. 

Table 5.  Summary of Reference Toxicant Statistical Results 

Test Endpoint 
Test Start 

Date 
NOEC       

(µg/L Cu) 
LOEC        

(µg/L Cu) 
LC50 value    
(µg/L Cu) 

Mean LC50 ± 2 SD 
(µg/L Cu) 

Mysid Shrimp 
96-hour 
Survival 

02/05/2015 100 200 258 212 ± 79.7 

03/03/2015 50 100 150 207 ± 80.6 

Pacific Topsmelt 
96-hour 
Survival 

02/10/2015 100 200 91.0 121 ± 60.2 

03/05/2015 50 100 128 120 ± 61.7 

NOEC = No Observed Effect Level; the highest test concentration resulting in no observed effect 

LOEC = Lowest Observed Effect Level; the lowest test concentration resulting in an observed effect 

LC50 = Lethal concentration 50, concentration expected to cause mortality to 50 percent of test organisms 

Mean LC50 ± 2 SD = Historical mean of LC50 data for previous tests conducted at Nautilus, plus or minus two standard deviations 
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Reference Toxicant Test Data 
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APPENDIX C 
 

Glossary of 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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