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Introduction 

Three samples were collected during a storm event for the ADC Kekaha Water Quality Monitoring. 

Samples were submitted by Cardno-GS. Testing was conducted at the Enthalpy Analytical Laboratory in 

San Diego, California. Pacific topsmelt (Atherinops affinis), inland silverside (Menidia beryllina), and 

mysid shrimp (Americamysis bahia) 96-hour acute survival tests were used for the DW-1/WW-1 sample 

received at a salinity level greater than 1 part per thousand (ppt). Fathead minnow (Pimephales 

promelas), water flea (Ceriodaphnia dubia), and freshwater amphipod (Hyalella azteca) 96-hour acute 

survival tests were used for the WW-2 and WW-3 samples, which were received below 1 ppt salinity.  

 

Materials and Methods 

Sample Information 

Client: Cardno-GS 

Project Name: ADC Kekaha Water Quality Monitoring 

Sample IDs: DW-1/WW-1, WW-2, WW-3 

Sample Collection Dates, Timesa: 2/20/2021, 14:00 to 19:45 

Sample Receipt Dates, Times: 2/23/2021, 08:50 

Sample Material:   Stormwater sample 

Sampling Method: Grab 

a Collection times adjusted to Pacific Standard Time from Hawaii Standard Time. 

 

Water Quality Parameters Measured upon Sample Receipt 

Sample ID pH 
DO 

(mg/L) 
Temp. 

(ºC) 
Cond. 
(µS/cm) 

Salinity  
(ppt) 

Alkalinity 
(mg/L as 
CaCO3) 

Hardness 
(mg/L as 
CaCO3) 

Total 
Chlorine 
(mg/L) 

DW-1/WW-1 7.46 9.7 2.4 2,500 1.4 105 366 0.05 

WW-2 5.83a 9.5 2.9 513 0.2 7 50 <0.02 

WW-3 5.79 9.4 3.3 90 0.1 13 34 nm 

nm = not measured; sample too dark and opaque to measure on colorimeter. 
a The pH of WW-2 was adjusted daily with sodium hydroxide to bring pH to USEPA required range of 6-9 to toxicity testing for 
freshwater tests The pH of sample WW-3 was above 6.0 when raised to test temperature and did not require manipulation for any 
tests.  

 

Acute Toxicity Test Methods 

Testing was conducted in accordance with methods published in US Environmental Protection Agency 

(USEPA) guidance (2002). Test specifications for all marine tests are summarized in Table 1, and test 

specifications for freshwater tests are summarized in Table 2. 
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Table 1. 96-hr Acute Survival Test Specifications - Marine Organisms 

Pacific topsmelt test: 2/23, 15:25 to 2/27, 14:55 Species: Atherinops affinis. Source & Age: Aquatic 

Biosystems (Ft. Collins, CO), 13 days 

Inland silverside test: 2/23, 16:40 to 2/27, 14:45 Species: Menidia beryllina. Source & Age: Aquatic 

Biosystems (Ft. Collins, CO), 8 days 

Mysid shrimp test: 2/23, 15:35 to 2/27, 14:30 Species: Americamysis bahia. Source & Age: 

Aquatic Biosystems (Ft. Collins, CO), 3 days 

Protocol Used:   Acute Manual (EPA/821/R-02/012), EPA 2002 

Test Acceptability Criteria: Control mean survival ≥ 90%  

Test Concentration:   100% sample (DW-1/WW-1) 

Sample Manipulation: Artificial salts (Instant Ocean®) were added to bring 
the salinity of the sample to 30±1 parts per 
thousand (ppt) 

Lab Control Water: 20-m filtered seawater (Source: Scripps Institution 
of Oceanography [SIO] Intake); diluted to 30 ppt 
with deionized water 

Salt Control: 
Salt Control – 30 ppt artificial saltwater (Instant 
Ocean®) 

 
 
Table 2. 96-hr Acute Survival Test Specifications – Freshwater Organisms 

Fathead minnow test: 2/23, 13:50 to 2/27, 15:45 Species: Pimephales promelas. Source & Age: 

Aquatic Biosystems (Ft. Collins, CO), 6 days 

Water flea test: 2/23, 13:40 to 2/27, 12:20 Species: Ceriodaphnia dubia. Source & Age: 

Internal culture, < 24 hours  

FW amphipod testa: 2/24, 17:20 to 2/28, 15:20 Species: Hyalella azteca. Source & Age Aquatic 

Research Organisms (Hampton, NH), 13 days 

Protocol Used:   Acute Manual (EPA/821/R-02/012), EPA 2002 

Test Acceptability Criteria: Control mean survival ≥ 90%  

Test Concentration:   100% sample (WW-2 and WW-3) 

Sample Manipulation: WW-2 sample pH was adjusted with NaOH to above 

6 (EPA required range for toxicity testing is 6-9). No 

adjustments were made to sample WW-3.  

Lab Control Water: Diluted mineral water (per EPA protocol) 

a The freshwater amphipod test was initiated out of holding time due to an organism shipping delay; see QA section. 

  



Client: Cardno-GS Project: ADC Kekaha Water Quality Monitoring 
Test IDs: 2102-S172 to S180 Monitoring Period: February 2021 

Enthalpy Analytical – San Diego Bioassay Laboratory  3 

Statistical analyses were conducted using EPA flowchart specifications as outlined in the test guidance 

manual (USEPA 2002). Organism performance in the sample was compared to that observed in the 

concurrent artificial salt control. Results were used to calculate whether a statistically significant effect 

was observed between the control and sample result. Comprehensive Environmental Toxicity Information 

System™ (CETIS) software by Tidepool Scientific Software, version 1.8.7.20. 

 
Results 

No statistically significant effects were observed to any of the marine species exposed the DW-1/WW-1 

sample compared to the respective artificial salt control. The artificial salt control for the inland silverside 

resulted in 75 percent mean survival, below the test acceptability criterion (TAC) of 90 percent (see QA 

section for further details). The lab control for this species resulted in 87.5 percent mean survival, which is 

still below TAC. The DW-1/WW-1 sample (82.5 percent survival) also resulted in no statistically significant 

effect compared to the lab control. A summary of results for the marine species tests is presented in 

Table 3. 

The freshwater lab controls for the fathead minnow and water flea test met TAC. However, the lab control 

for the freshwater amphipod test was below TAC (see QA section). The control for the amphipod test 

resulted in a mean survival of 67.5 percent while samples WW-2 and WW-3 resulted in 92.5 and 87.5 

percent survival, respectively.  None of the freshwater species tested resulted in statistically significant 

mortality, with the exception of the water fleas in the WW-3 sample test. Water flea mean survival in the 

WW-3 sample was 10 percent, compared to 100 percent in the lab control. The WW-3 sample was very 

opaque and turbid with a significant amount of fine silt present in the sample. The water flea species is 

known to have difficulty in these types of samples due to easy clogging of their filtering apparatus which is 

used for feeding. Further testing with this sample would need to be conducted to confirm whether the 

reduced survival of this species was due to a toxicant or a physical barrier due to turbidity. A summary of 

results for the freshwater tests is presented in Table 4.  

Raw datasheets and complete statistical summaries for all tests are provided in Appendix A. Sample 

receipt information is provided in Appendix B, and a copy of the chain of custody form is presented in 

Appendix C. 

 

Table 3.  Summary of Marine 96-hr Acute Survival Results 

Sample ID Species 
Salt Control 

Result 
100% Sample 

Result 

Statistically 
Significant 

Effect?                                 
(Yes/No) 

Percent 
Effect 

DW-1/WW-1 

Pacific topsmelt 90.0 100 No -11 

Inland silverside 75.0a 82.5 No -10 

Mysid shrimp 90.0 95.0 No -5.6 

a The control did not meet minimum test acceptability criterion; see QA section.  

Percent effect from control is calculated as: ((mean response in salt control - mean response in undiluted sample)/mean 
response in salt control) *100. A negative value results when organism performance in the sample is greater than that in 
the salt control. 
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Table 4.  Summary of Freshwater 96-hr Acute Survival Results 

Sample ID Species 
Lab Control 

Result 
100% Sample 

Result 

Statistically 
Significant 

Effect?                                 
(Yes/No) 

Percent 
Effect 

WW-2 

Fathead minnow 97.5 93.3 No 4.3 

Water flea 100 100 No 0.0 

Freshwater 
amphipod 

67.5a 92.5 No -37 

WW-3 

Fathead minnow 97.5 90.0 No 7.7 

Water flea 100 10.0* Yes 90 

Freshwater 
amphipod 

67.5a 87.5 No -30 

a The control did not meet minimum test acceptability criterion; see QA section.  

*Values with an asterisk indicate a statistically significant reduction from the lab control. 

Percent effect from control is calculated as: ((mean response in lab control - mean response in undiluted sample)/mean 
response in lab control) *100. A negative value results when organism performance in the sample is greater than that in the 
lab control. 

 

 

Quality Assurance 

The samples were received via overnight delivery service three days after collection. The samples were 

received slightly below the range of 0-6 degrees Celsius (°C) and had some ice crystals in the sample 

containers. The client was immediately notified and requested to proceed with testing. The samples were 

left at room temperature to completely thaw and were then homogenized before being poured out to 

measure water quality (including temperature) and for test preparation. The freshwater amphipod test 

was initiated outside of the 72-hour maximum allowable holding time (the samples were approximately 99 

hours past collection) due to the initial order of test organisms being lost in transit. All other tests were 

initiated within the maximum allowable holding time of 72 hours.  

Mean control responses met minimum acceptability criteria for all tests, except for the inland silverside 

and freshwater amphipod discussed below. Fish, mysid, and amphipod tests were initiated with 

continuous, light aeration in all sample replicates and the lab control to maintain adequate dissolved 

oxygen (DO) levels. DO was maintained at appropriate levels for the duration of all tests. Minor QA issues 

that were unlikely to have any bearing on the final test data, such as slight temperature deviations, are 

noted on the datasheets and a list of laboratory qualifier codes can be found in Appendix D. 

The inland silverside test had a mean survival of 87.5 percent in the lab control and 75 percent in the 

artificial salt control, which is below the TAC of 90 percent. The lab control for the reference toxicant test 

initiated the following day resulted in 95 percent mean survival, indicating that the control failure for the 

DW-1/WW-1 test was likely due to the limited acclimation time allowed in order to initiate the sample test 

within 72 hours.  

The freshwater amphipod lab control had a mean survival of 67.5 percent, which is both below the 
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minimum acceptability criterion of 90 percent for mean control response. The lab control in the reference 

toxicant test for this species was 55 percent, indicating that the batch of organisms was not optimal for 

testing. The organisms were received during a severe ice storm in much of the country and though they 

are shipped in insulated boxes, excess shipping stress is suspected for this batch of organisms, which 

were received from an east coast supplier, whereas all other test species were either from an internal 

culture, or received from Colorado.  

Reference Toxicant Testing 

Results for reference toxicant testing used to monitor laboratory performance and test organism 

sensitivity are summarized in Table 5. The mean control response for the freshwater amphipod reference 

toxicant test was below the minimum test acceptability criteria of 90 percent. The amphipod mean control 

survival was 55 percent; the test showed a dose response and had sensitivity results that were within 

historical means. The reference toxicant tests for all other species tested met all acceptability criteria. 

Additionally, the median effect concentration value for these tests was within two standard deviations of 

the historical mean for all species tested, indicating typical organism sensitivity to copper. The control 

chart for the previous 20 reference toxicant tests is presented in Appendix E.   

Table 5.  Summary of 96-hr Acute Survival Reference Toxicant Test Results 

Species  
NOEC 

(µg/L copper) 

LC50 

(µg/L copper) 

Historical LC50  2 SD 

(µg/L copper) 

CV 

(%) 

Pacific Topsmelt 50 107 174 ± 119 34.2 

Inland Silverside 100 218 183 ± 95.8 26.1 

Mysid Shrimp 200 283 244 ± 70.9 14.5 

Fathead Minnow 15 37.5 82.0 ± 62.4 38.0 

Water Flea 10 12.8 21.1 ± 9.96 23.6 

Freshwater Amphipod 100 106 132 ± 124 46.9 

NOEC = the highest concentration tested that results in no observed effect 

LC50 = concentration expected to cause a lethal effect to 50 percent of the test organisms 

Historical LC50 ± 2 SD = the mean LC50 from the previous 20 tests performed by Enthalpy, plus or minus two standard deviations 

CV = Coefficient of Variation 
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Chain-of-Custody Form 

  





 

 

Appendix D 

 
Qualifier Code Glossary 

 
  



Updated: 6/30/15 

Glossary of Qualifier Codes: 

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% 

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. 

Q18 - Incorrect Entry 

Q19 - Illegible Entry 

Q20 - Miscalculation 

Q21 - Other (provide reason in comments section) 

Q22 - Greater than 10% mortality observed upon receipt and/or in holding prior to test initiation.  
Organisms acclimated to test conditions at Nautilus and ultimately deemed fit to use for testing.   

Q23 - Test organisms received at a temperature greater than 3°C outside the recommended test 
temperature range.  However, due to age-specific protocol requirements and/or sample holding 
time constraints, the organisms were used to initiate tests upon the day of arrival.  Organisms 
were acclimated to the appropriate test conditions upon receipt and prior to test initiation.   

Q24 - Test organisms received at salinity greater than 3 ppt outside of the recommended test salinity 
range.  However, due to age-specific protocol requirements and/or sample holding time 
constraints, the organisms were used to initiate tests upon the day of arrival.  Organisms were 
acclimated to the appropriate test conditions upon receipt and prior to test initiation.      
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Reference Toxicant Test Control Charts 
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