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VIA: Electronic Delivery  

Ms. Paula Skryja  
BP Olympic Pipeline Company LLC 
Environmental Coordinator 

 
 
March 18, 2025 

RE: Bioassay Report Transmittal  

 
Dear Ms. Skryja, 

Attached, please find the Olympic Pipeline Gasoline Spill and Remediation Project Sediment Evaluation – 
Toxicity Testing Report, dated March 11, 2025.  The report documents the testing of sediment collected 
in November 2024 as per the Bioassay Plan (March 2024) approved by the Washington Department of 
Ecology (WDOE).  WDOE participated in the sample location designation and the sample collection of 
sediment for this toxicity test.  No exceedences of any cleanup or risk criteria were present in the testing 
results.  Based on these findings there does not appear to be any residual hydrocarbons from the gasoline 
spill present in the sediment of Hill Ditch, in the vicinity of the spill site, that presents a risk to invertebrates 
or other organisms that may consume them.  Based on these findings we recommend that no further 
action is required for sediment evaluated under this plan.  

Please let me know if you have any questions, 
 
Sincerely, 

 
Tony Palagyi 

Tony Palagyi 
Senior Environmental Response Consultant 
CTEH, L.L.C. 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
San Diego, California 
4340 Vandever Avenue 
San Diego, California 92120 
858.587.7333 

Olympic Pipeline Gasoline Spill and 
Remediation Project Sediment Evaluation – 
Toxicity Testing Report 
 

Sample IDs: MVWH1122P001 and MVWH1122P002 
Sample Collection: November 2024 

 
 
 
 

 
 
 

 
 
 
 
 
 
 

 
Data Quality Assurance:    

o Nautilus Environmental is a member of the IEH Laboratories & Consulting Group. 
IEH acquired the San Diego aquatic toxicology group from Enthalpy Analytical on 
December 7, 2024. The testing that is being reported under this cover was 
performed under the name Enthalpy Analytical and is being reported by Nautilus 
Environmental.  

o Nautilus Environmental (previously Enthalpy Analytical) is accredited in accordance 
with NELAP by the State of Oregon Environmental Laboratory Accreditation 
Program (Certificate No. 4053).  It is also certified by the State of California 
Environmental Laboratory Accreditation Program (Certificate No. 1802) and the 
State of Washington Department of Ecology (Lab ID C552). 

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.   
 

Verified by:  

 
Kasey Skrivseth, Project Manager 

 

 

  

Prepared for:     CTEH 
   5120 Northshore Drive 

North Little Rock, AR 72118 
   
Prepared by: Nautilus Environmental  

(previously Enthalpy Analytical) 
San Diego Bioassay Lab 

   4340 Vandever Avenue 
San Diego, CA  92120 
 

Date Submitted: March 11, 2025 
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TOXICITY TESTING REPORT 
Project: MVWA 1122 Bioassay Client: CTEH 
Test IDs: 2412-S102 to S105  Testing: December 2024 
 

Nautilus Environmental, Inc. – San Diego, CA   
 

INTRODUCTION 
Sediment toxicity bioassay procedures using the midge Chironomus dilutus (Chironomus) 
and the amphipod Hyalella azteca (Hyalella) were performed on two samples in support 
of the Olympic Pipeline Gasoline Spill and Remediation Project located near Conway, 
Washington. Bioassay testing was conducted between December 19, 2024, and January 
16, 2025, at Nautilus Environmental, Inc. (Nautilus; formerly Enthalpy Analytical), located 
in San Diego, California.  

METHODS AND MATERIALS 
Sample Collection, Receipt and Preparation  

Two samples were collected on November 22, 2024. Following collection, the sample 
material was placed in double-layered, labeled polyethylene plastic bag and sealed to 
minimize headspace. Bags were placed in ice chests with wet ice and shipped to Nautilus 
via FedEx. The samples were received at Nautilus on November 26, 2024. The contents 
of each cooler were inspected to ensure samples were intact and matched the chain-of-
custody (COC) form. Sample temperatures ranged from 6.2 to 6.5 degrees Celsius (°C) 
upon arrival. Laboratory sample log-in numbers were added to all bags, and the labeling 
process was checked by a second analyst as part of the sample check in QC process. 
The sample was promptly transferred to storage and held at 4°C in the dark until used for 
testing. 

Prior to testing, the samples were thoroughly homogenized and sieved through a 0.5-
millimeter (mm) Nitex® mesh screen to remove native organisms and mitigate potential 
interferences with testing (e.g., competition with or predation of test organisms). An aliquot 
of each homogenized sediment was centrifuged to separate sediment particles from 
interstitial pore water for sulfide and total ammonia analysis. For total ammonia analysis, 
pore water pH was measured, and then the subsample was preserved with sulfuric acid. 

A summary of sample information can be found in Table 1. Copies of the COC and sample 
check-in information are provided in Appendices A and B, respectively. 

Table 1. Sample ID, Receipt, and Testing Information 

Sample ID Date/Time 
Collected 

Date/Time 
Received 

Receipt 
Temperature 

(°C) 

Hyalella 
Test 

Initiation 
Date 

Chironomid 
Test 

Initiation 
Date 

MVWA1122P001 
(sample) 11/22/24, 10:05 

11/26/24, 
09:45 

6.2 
12/19/24 12/20/24 

MVWA1122P002 
(reference) 11/22/24, 11:30 6.5 

Bioassays were conducted in accordance with American Society for Testing and Materials 
“Standard Test Method for Measuring the Toxicity of Sediment-Associated Contaminants 
with Freshwater Invertebrates” Method E1706-20 (ASTM 2020) Test methodology is 
summarized in Table 2 and 3. 
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Table 2. Toxicity Test Methodology and QA/QC Requirements for the 10-day  
Solid Phase Midge Larvae Toxicity Test 

Test organism Midge larvae Chironomus dilutus (formerly C. tentans) 

Test organism source Aquatic BioSystems, Inc.; Fort Collins, CO 

Test organism age at initiation 10 days 

Test duration; endpoints 10 days; survival 

Test temperature 23 ± 1°C daily mean, 23 ± 3°C instantaneous limit 

Photoperiod 16 hours light:8 hours dark 

Test chamber 500-mL glass jar 

Sediment depth 2.5 cm 

Overlying water volume 250 mL 

Overlying water  Activated carbon filtered water (CFW) 

Overlying water renewal Twice daily full volume exchanges using Zumwalt apparatus 

Overlying water quality 
monitoring 

pH, temperature, conductivity, and dissolved oxygen (DO) 
daily; total ammonia, total sulfide, hardness and alkalinity at 
test initiation and termination 

Number of organisms/chamber 10 

Number of replicates 5, plus one surrogate test chamber for water quality readings 
and two surrogate chambers for porewater subsampling 

Feeding Chambers were fed 1 mL Tetrafin® slurry: 0.60g/100mL days -
1 and 7-9, 0.20g/100mL days 0-3, and 0.40g/100mL days 4-6 

Negative control Beach sand collected from San Diego, CA; sieved through a 
0.5-mm screen and rinsed with deionized water and CFW; 0.5-
1.0 tbsp DI soaked peat moss added to each chamber 

Aeration Continuous (2-3 bubbles per second) 

Test Protocol ASTM E1706-20 (ASTM 2020) 

Test acceptability criteria  80 percent mean control survival 

Reference toxicant  Ammonium chloride; water-only exposure 

cm – centimeter 
°C – degrees Celsius 
g – gram 
L – Liter 
mg – milligram 
mL – milliliter 
mm – millimeter 
tbsp – tablespoon 
USEPA – United States Environmental Protection Agency 
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Table 3. Toxicity Test Methodology and QA/QC Requirements for the 28-day  
Solid Phase Amphipod Toxicity Test 

Test organism Freshwater amphipod - Hyalella azteca 

Test organism source Aquatic Research Organisms; Hampton, NH 

Test organism age at initiation 9 days 

Test duration; endpoints 28 days; survival and growth (as dry weight) 

Test temperature 23 ± 1°C mean, 23 ± 3°C instantaneous limit 

Photoperiod 16 hours light/8 hours dark 

Test chamber 1-L glass jar 

Sediment depth 2.0 cm 

Overlying water volume 450 mL 

Overlying water  CFW 

Overlying water renewal Twice daily full volume exchanges using Zumwalt apparatus 

Overlying water quality 
monitoring 

pH, temperature, conductivity, and dissolved oxygen (DO) 
daily; hardness and alkalinity at test initiation and termination; 
total ammonia and sulfides on Day 0 and Day 28a. 

Number of organisms/chamber 10 

Number of replicates per sample 5, plus one surrogate test chamber for water quality readings 
and two surrogate chambers for porewater subsampling 

Feeding Chambers were fed 1 mL Yeast-Trout-chow-Cereal leaves 
(YTC) and 1 mL wheat grass slurry (0.025 g/100 mL week 1, 
0.05g/100mL week 2, 0.10g/100mL week 3, and 
0.15g/100mL week 4) daily 

Negative control Beach sand collected from San Diego, CA; sieved through a 
0.5-mm screen and rinsed with deionized water and CFW 

Aeration Continuous (2-3 bubbles per second) 

Test Protocol ASTM E1706-20 (ASTM 2020) 

Test acceptability criteria  80 percent mean survival; mean weight in controls should 
be ≥0.35 mg/organism 

Reference toxicant Copper chloride; water-only exposure 

cm – centimeter 
°C – degrees Celsius 
g – gram 
L – Liter 
mg – milligram 
mL – milliliter 
USEPA – United States Environmental Protection Agency 
a Sulfides were not measured in the overlying on day 28   
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Statistical Analyses 

One control was included in the test design for each species and was associated with the 
samples both spatially within the environmental chamber and for statistical analyses. 
Mean survival and growth in each sample were compared to the mean control survival 
and growth. Furthermore, the site sample was compared to the reference sample. Survival 
data, expressed as a proportion, were arcsine square-root transformed prior to analysis 
to normalize the distribution of the data and satisfy statistical assumptions for analysis. 
Statistical assumptions were evaluated prior to analysis using Brown-Forsythe test for 
differences in variance and D’Agostino Pearson Omnibus test for normality. Unpaired t-
test comparisons were performed to identify significant differences between the lab control 
or reference sample and the site sample when the site sample’s mean survival or growth 
was less than the reference sample or lab control. If parametric assumptions were not 
met, the data were initially tested with Kruskal-Wallis test, followed by the Mann-Whitney 
U-test. 

Statistical analyses of test data were performed using GraphPad Prism, Version 6.05. 
Statistical analyses of reference toxicant data were performed using Comprehensive 
Environmental Toxicity Information System Software (CETIS™), Version 2.1.4.11. 
(Tidepool Scientific Software 2000-2022). Analysis for this test followed standard USEPA 
flow chart methods specified for this test type and the dose-responses were reviewed. 

RESULTS AND DISCUSSION 
Summaries of toxicity test results are provided in Tables 4 and 5. Detailed results are 
provided in Appendix C. Raw datasheets including water quality measurements, ammonia 
analyses, and sulfide analysis are provided in Appendix D. Summaries of statistical 
analyses are provided in Appendix E. 

Chironomus Day 10 Survival Results 

Mean survival in the sediment laboratory control was 96 percent, exceeding the ASTM 
guideline survival criterion of 80 percent. Mean survival in the MVWA1122P001 sample 
was 94 percent (Figure 1 and Table 4). A Mann-Whitney test failed to detect a statistically 
significant difference between the MVWA1122P001 sample and the laboratory control or 
the reference site (p=0.5000, Appendix E). The reference site MVWA1122P002 resulted 
in 96 percent survival, which was equal to the laboratory control and, therefore, not 
significantly reduced (Appendix E). Survival in the sample was less than a 20 percent 
difference from both the control and the reference, which is below both the Sediment 
Cleanup Objective (SCO) of a greater than 20 percent difference and the Cleanup 
Screening Level (CSL) of a greater than 30 percent difference. The Chironomus test met 
all control and reference performance standards and was below any action levels for 
cleanup outlined in the Sediment Clean Up User Manual (SCUM).  
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Figure 1. Summary of Chironomus 10-Day Survival (mean percent survival ±95% S.D.; n=5).  

Table 4. Summary of Test Results for Chironomus Survival  

Sample ID Mean Percent 
Survival 

Mean Percent 
Mortality 

Lab Control 96.0 4.0 

MVWA1122P001 94.0 6.0 

MVWA1122P002 96.0 4.0 

 

Hyalella Day 28 Survival Results 

Mean survival in the sediment laboratory control was 100 percent, exceeding the ASTM 
guideline survival criterion of 80 percent. Mean survival in the MVWA1122P002 reference 
sample was 90 percent (Figure 2 and Table 5). An unpaired t-test with Welch’s correction 
detected a statistically significant difference between the MVWA1122P002 reference 
sample and the laboratory control (p=0.0431, Appendix E). Mean survival in the 
MVWA1122P001 sample was 98.0 (Figure 2 and Table 5). An unpaired t-test failed to 
detect a statistically significant difference between the MVWA1122P001 sample and the 
laboratory control (p=0.1869, Appendix E). Survival in the MVWA1122P001 sample was 
greater than in the MVWA1122P002 reference sample, and therefore not significantly 
reduced (Appendix E). Survival in the sample was exactly 10 percent different from the 
control and less than 10 percent different from the reference, which is below both the 
Sediment Cleanup Objective (SCO) of a greater than 10 percent difference and the 
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Cleanup Screening Level (CSL) of a greater than 25 percent difference for amphipod 
survival. Survival in the amphipod test met all control and reference performance 
standards and was below any action levels for cleanup outlined in the Sediment Clean Up 
User Manual (SCUM). 

 

 
Figure 2. Summary of Hyalella 28-Day Survival (mean percent survival ±95% S.D.; n=5). 

*An asterisk indicates a statistically significant reduction in survival from the lab control. 
 

 
 

Hyalella Day 28 Growth Results 
The mean weight per organism in the sediment laboratory control was 0.86-mg, exceeding 
the ASTM guideline growth criterion of ≥ 0.35-mg per individual dry weight. Mean weight 
per organism in the MVWA1122P002 reference sample was 0.87-mg, which was greater 
than the laboratory control and therefore, not significantly reduced (Figure 3 and Table 5). 
Mean weight per organism in the MVWA1122P001 sample was 0.89-mg, which was 
greater than the laboratory control and the reference sample and, therefore, not 
significantly reduced (Figure 3 and Table 5). Growth in the sample was greater than both 
the control and reference, indicating no detrimental effects to amphipod growth. Ratios of 
sample and control/reference growth were above the SCO and CSL levels; note that 
action levels for the growth endpoint are expressed as less than <0.75 and <0.60 for the 
SCO and CSL, respectively, therefore exceeding these ratios indicates the sample was 
not impacted relative to the control or reference. Growth in the amphipod test met all 
control and reference performance standards and was below any action levels for cleanup 
outlined in the Sediment Clean Up User Manual (SCUM). 
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Figure 3. Summary of Hyalella 28-Day Growth (mean dry weight per surviving organism ±95% 

S.D.; n=5). 
 

Table 5. Summary of Test Results for Hyalella Survival and Growth 

Sample ID Mean Percent 
Survival 

Mean 
Percent 
Mortality 

Mean Dry 
Weight per 

Organism (mg) 

Lab Control 100 0.0 0.86 

MVWA1122P001 98.0 2.0 0.89 

MVWA1122P002 90.0 10 0.87 

Values in bold indicate a statistically significant difference when compared to the laboratory control. 
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QUALITY ASSURANCE 

All data presented have been thoroughly reviewed and deemed acceptable for reporting 
in accordance with relevant USEPA protocols and Nautilus’s internal QA/QC program. 
Discussions and deviations with respect to test conditions are summarized below. Minor 
QA/QC issues that were unlikely to impact the final test data are noted on test datasheets, 
and a list of laboratory qualifier codes used on raw datasheets can be found in Appendix 
F. 

Following the 2020 ASTM guidance, Hyalella for a 28-day (or 42-day) test the organism 
age should be between 7 and 8 days old. The test reported herein was initiated with 9-
day-old Hyalella. The 2020 ASTM guidance indicates that the younger age range for the 
42-day test, compared to the 10-day guidance of 7-10 day old, is suggested to avoid 
reproduction occurring prior to the 28-day endpoint. Reproduction is not an endpoint in 
this test, therefore it is unlikely that the age affected survival or growth results. 
Furthermore, the reference toxicant test that was run concurrently had typical results, 
indicating that slightly older organisms did not affect the sensitivity of the organisms. 

It was the laboratories intent to collect ammonia and sulfides from the overlying water of 
the Hyalella test on day 10 in addition to days 0and 28. Subsamples were not collected 
on day 10 of the test. Also, overlying sulfides were not collected on day 28 of the Hyalella 
test. Given the low ammonia values in other subsamples, it is not likely that an additional 
data point from day 10 would provide any value. In addition, there were no effects above 
the cleanup level standards and amphipod growth was higher in the sample than either 
the reference or control; this suggests that there were no impacts to the amphipod survival 
and growth due to ammonia or sulfides. 

Minimal information is available on the effects of sulfide on these freshwater test 
organisms. Sulfide measurements in the porewater of the reference sample 
MVWA1122P002 were higher compared to sample MVWA1122P001 for both tests and at 
initiation and termination. It is possible that sulfide influenced the survival effects observed 
in the reference sample (P002). 

All water quality parameters were within specified ranges for the duration of the tests. 
Overlying water total ammonia concentrations ranged from <0.5 to 1.5 milligrams per liter 
(mg/L). Interstitial water total ammonia concentrations ranged from <0.5 to 8.2 mg/L. All 
total ammonia values were well below any reported thresholds for Chironomus or Hyalella 
(USEPA 2000). 

Reference Toxicant Test 

Mean control survival in the concurrent reference toxicant test with Chironomus was 100 
percent. A median lethal effect concentration (LC50) value of 96.0 mg/L total ammonia was 
determined using the trimmed Spearman-Karber method. Mean control survival in the 
concurrent reference toxicant test with Hyalella was 100 percent. A LC50 value of 236 
micrograms per liter (µg/L) copper was determined using the trimmed Spearman-Karber 
method. Both LC50 values were within plus or minus two standard deviations from the 
historical mean. This indicates that these batches of organisms were of typical sensitivity 
to \ammonia and copper for this endpoint (96-hour survival) as those historically tested at 
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Nautilus. Based on the dose response observed, the calculated effect concentration was 
deemed reliable. A copy of the reference toxicant results is provided in Appendix G. 
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Site ID Replicate Random 
No.

No. 
Larvae 
Alive 

Total 
No. 

Alivea

Percent 
Survival

Mean 
Percent 
Survival

Standard 
Deviation

Percent 
Mortality

Mean 
Percent 
Mortality

Standard 
Deviation

A 23 10 10 100 0.0
B 29 9 9 90.0 10.0
C 28 10 10 100 0.0
D 21 9 9 90.0 10.0
E 17 9 10 100 0.0
A 30 9 9 90.0 10.0
B 20 9 9 90.0 10.0
C 24 9 9 90.0 10.0
D 26 10 10 100 0.0
E 22 10 10 100 0.0
A 27 10 10 100 0.0
B 19 10 10 100 0.0
C 25 9 9 90.0 10.0
D 18 9 10 100 0.0
E 16 9 9 90.0 10.0

a Total number alive includes organisms that are pupae or emerged as flies and are used in the percent survival calculation

MVWA1122P002 96.0 5.5 4.0 5.5

MVWA1122P001 94.0 5.5 6.0 5.5

Lab Control 96.0 5.5 4.0 5.5

Sample Date: 11/22/2024
Test Initiation Date: 12/20/2024

CTEH
10-Day Chironomus  Survival Bioassay

Project: MVWA 1122 Bioassay

Nautilus Environmental, Inc.
San Diego, CA 
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Site ID Replicate Random 
No.

No.  
Alive 

Percent 
Survival

Mean 
Percent 
Survival

Standard 
Deviation

Percent 
Mortality

Mean 
Percent 
Mortality

Standard 
Deviation

Total Dry 
Weight (mg)

Dry Weight 
per Org. 

(mg)

Mean Dry 
Weight per 
Org. (mg)

Standard 
Deviation

A 9 10 100 0.0 8.11 0.81
B 6 10 100 0.0 8.20 0.82
C 7 10 100 0.0 12.08 1.21
D 10 10 100 0.0 7.80 0.78
E 5 10 100 0.0 6.78 0.68
A 4 10 100 0.0 8.71 0.87
B 15 10 100 0.0 7.86 0.79
C 14 9 90.0 10.0 8.66 0.96
D 11 10 100 0.0 9.13 0.91
E 8 10 100 0.0 9.15 0.92
A 12 10 100 0.0 6.83 0.68
B 1 10 100 0.0 9.23 0.92
C 13 8 80.0 20.0 9.38 1.17
D 2 8 80.0 20.0 6.37 0.80
E 3 9 90.0 10.0 7.19 0.80

0.0 0.0 0.0 0.86

CTEH
28-Day Hyalella  Survival & Growth Bioassay

Project: MVWA 1122 Bioassay
Sample Date: 11/22/2024

Test Initiation Date: 12/19/2024

0.20

MVWA1122P001 98.0 4.5 2.0 4.5 0.89 0.06

Lab Control 100

0.19

Values in bold with an asterisk were found to be statistically significant when compared to the Lab Control

MVWA1122P002 90.0* 10 10 10 0.87

Nautilus Environmental, Inc.
San Diego, CA 
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Glossary of Qualifier Codes 

          

 

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

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

Q3 -  Sample pH adjusted to within range of 6-9 with reagent grade NaOH or HCl, as needed 

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

Q5 -  Test initiated with continuous 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, partial 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. Test results were reviewed and reported in accordance with guidance 
found in EPA-833-R-00-003, 2000 unless otherwise specified. 

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. Test results were reviewed and reported in accordance with EPA-833-
R-00-003, 2000 guidance unless otherwise specified. 

Q18 - Incorrect or illegible Entry 

Q19 - Miscalculation 

Q20 - PMSD criteria do not apply to the test of significant toxicity (TST) analysis 

Q21 -  Other (provide reason in comments section) 

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

Q23 - Test organisms experienced a temperature shift greater than 3°C within 1 day or were received at a 
temperature greater than 3°C outside the recommended test temperature range and had minimal 
time to acclimate prior to test initiation. However, due to age-specific protocol requirements and/or 
sample holding time constraints, the organisms were used to initiate test(s). Organisms were 
ultimately deemed fit to use for testing. 

Q24 - Test organisms experienced a salinity shift greater than 3 ppt within 1 day or were received at a 
salinity greater than 3 ppt outside the recommended test salinity range and had minimal time to 
acclimate prior to test initiation. However, due to age-specific protocol requirements and/or sample 
holding time constraints, the organisms were used to initiate test(s). Organisms were ultimately 
deemed fit to use for testing. 

Version: 12/06/2024
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