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1. Introduction 
This technical memorandum summarizes information obtained from the fourth quarter 2023 sampling 
event performed at the U.S. Environmental Protection Agency (EPA) Wyckoff/Eagle Harbor Superfund 
Site (the Site) groundwater treatment plant (GWTP) located at 5350 Creosote Place NE, Bainbridge 
Island, Washington. CH2M HILL Engineers, Inc. (CH2M)1 conducted this sampling event to support the 
current biomonitoring requirements of the Site’s National Pollutant Discharge Elimination System 
(NPDES). 

Sampling was generally conducted in accordance with the final Quality Assurance Project Plan, 
Groundwater Treatment Plant Operations and Maintenance (QAPP; CH2M, 2022). While there were 
deviations from the QAPP as noted in the Laboratory Quality Data Review section, the data is deemed 
usable, and the sampling is considered to have met the monitoring requirements of the NPDES permit. 

The current NPDES permit does not include effluent limits for acute or chronic toxicity. Both acute and 
chronic toxicity testing were conducted on the effluent samples collected on October 3, 2023 and 
November 8, 2023 per the requirements outlined in the NPDES permit.  

The current NPDES permit does not include specific dilution series for chronic toxicity tests. With the 
exception of the first and second quarter of 2023, all previous mussel larvae chronic toxicity testing 
were conducted with hypersaline brine (HSB) addition to achieve a salinity of 30 parts per trillion (ppt) 
per the Methods for Estimating the Chronic Toxicity of Effluents and Receiving Waters to West Coast 
Marine and Estuarine Organisms (EPA/600/R-95/136, 1995). The highest test concentration for these 
HSB adjusted samples therefore were less than 100% (ranged from approximately 69 to 76%). Mussel 
larvae chronic toxicity testing conducted for the first and second quarter of 2023 used samples adjusted 
with artificial salts only. 

Due to the recent toxicity observed in the highest test concentrations for the mussel larvae chronic 
toxicity testing, concurrent tests were conducted (one test using artificial salts and the other test using 
HSB) during the fourth quarter 2023 sampling event to evaluate potential toxicity for undiluted sample 
(i.e. salts) while maintaining comparability of results from this quarter to previous test results (i.e. HSB). 
73.5 percent effluent is the highest concentration tested using the HSB for the fourth quarter 2023 
testing. 

For the acute toxicity bioassay (estuarine fish), no statistically significant effects on survival were 
detected for any concentration tested. This result indicates the median lethal concentration to cause 
50% mortality (LC50) in the test population is greater than 100 percent of the effluent concentration and 

 
1 CH2M HILL Engineers, Inc. is now a wholly owned subsidiary of Jacobs Engineering Group Inc. 
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an acute toxic unit (TU) of less than 1.0. No statistically significant effects on the survival or development 
endpoints were observed for all test concentrations for the mussel larvae chronic toxicity testing, 
indicating no evidence of the presence of chronic toxicity. 

As stated above, the current NPDES permit does not include effluent limit for acute or chronic toxicity. 
The acute toxicity test requirement section of the permit (Section I.5) specifies the following: 

“If the test demonstrates the presence of acute toxicity, EPA will undertake the following actions as 
needed to determine the source of toxicity: 

(a) Chemical analysis. 

(b) Evaluation of treatment processes and chemicals used. 

(c) Physical inspection of facility for proper operation of treatment units, spills, etc. 

(d) Examination of records. 

(e) Interviews with plant personnel to determine if toxicant releases occurred through 
spills, unusual operating conditions, etc. 

If any toxicity remains after conducting the above steps, additional monitoring or treatment may be 
required.” 

The chronic toxicity test requirement section of the permit (Section II.8) specifies the following: 

“EPA and Ecology will evaluate the results to determine whether they indicate the occurrence of chronic 
toxicity outside the mixing zone. If it appears that this may be occurring, a toxicity evaluation and 
reduction plan will be prepared within 90 days. The evaluation portion of the plan may include additional 
toxicity testing if needed to follow up on initial results or gather information for a possible toxicity limit in 
the future.” 

The observed results for the acute and chronic endpoints would not trigger these requirements.    

2. Sampling and Analysis Results 
Bioassay samples were collected per the monitoring frequency included in the NPDES permit. Samples 
were collected from a 24-hr. autosampler composite collection point at the effluent discharge point of 
the treatment system. One composite water sample was collected on October 3, 2023, for acute toxicity 
testing, and another sample collected on November 8, 2023, for chronic toxicity testing. Chemical 
testing was conducted in conjunction with each sample collected for bioassay testing for performance 
and NPDES compliance requirements. The bioassay analyses were performed by EcoAnalysts, Inc. 
(EcoAnalysts), of Port Gamble, Washington, a Washington State Department of Ecology accredited lab. 
Table 1 lists the sample Laboratory ID and sampling analysis methods. EcoAnalysts sampling analyses 
report for acute toxicity and chronic toxicity testing are provided in Attachments 1 and 2, respectively. 
Table 1. Biological Testing Summary 

Laboratory Laboratory ID Method Test Type/Descriptor/Species 

EcoAnalysts P231003.08 EPA-821-R-02-012; Test Method 
2006.0; EPA/600/4-90/027F; SOP 

TOX013.08 

Acute/96-hr Survival/Menidia beryllina (Inland 
Silverside) 

EcoAnalysts P231108.01 EPA/600/R-95-136 Method 1005.0; 

ASTM E724-89 

TOX042.12 

Chronic/48-hr Survival and 
Development/Mytilus galloprovincialis 

(Mussel) 
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For the acute toxicity bioassay (estuarine fish), no statistically significant effects on survival were 
detected for any concentration tested (i.e. LC50 is greater than 100 percent of the effluent 
concentration and TU is less than 1.0).  For the mussel larvae chronic toxicity testing, no statistically 
significant effects were detected in any effluent concentration tested for the survival or development 
endpoint. This result indicates a No Observed Effect Concentration (NOEC) of 100 percent (TU is less 
than 1.0) and 73.5 percent (the highest concentration tested; TU is 1.4 for both endpoints) of the 
effluent concentration for the salts and HSB adjusted samples, respectively. The Effect Concentration 
expected to affect 50 percent of the organisms (EC50) is greater than 100 percent and 73.5 percent of 
the effluent concentration, respectively for the salts and HSB adjusted samples, respectively. 

3. Laboratory Quality Data Review 
A CH2M chemist validated the bioassay results Stage 2A in accordance with the CH2M 2022 QAPP.    This 
QAPP was cited by EcoAnalysts and the appropriate species of estuarine fish and mussel specified in the 
QAPP were used for the analytical testing. 

The data were 100 percent complete, and method and QAPP quality control requirements were met, 
with the following exceptions noted: 

(1) The QAPP reference toxicant copper sulfate was not used.  The reference toxicant 
utilized was ammonia.  A review of the total and unionized ammonia quality control 
data indicates the ammonia reference toxicant test results were within two standard 
deviations of the laboratory mean at the time of testing. There is no impact to the data 
and an addendum to the QAPP to utilize ammonia as reference toxicant was requested 
in May 2023 after these samples were collected and analyzed. 

(2) Artificial Salts Proportion Normal for the mussel larvae chronic toxicity test was 
significantly lower (2.0 percent) relative to the laboratory (dilution water) control (98.2 
percent). Since no toxicity was observed in any test concentrations, indicating artificial 
salts did not contribute to any negative biological effects, therefore there is no impact 
to the test concentrations. 

4. Trends 
A review of bioassay data collected from 2007 through the fourth quarter of 2023 indicated there were 
no statistically significant effect detected for the survival endpoint for any test concentrations and 
species. No statistically significant effect was detected for the sublethal endpoints with the exception for 
the sampling events from the third quarter of 2022 through second quarter of 2023. For these four 
sampling events, statistically significant effects were detected in the maximum test concentrations for 
the developmental endpoint of the chronic bioassay test. 

Figure 1 shows the bivalve chronic bioassay NOEC and salinity for the 100 percent effluent samples from 
December 2018 through November 2023.  NOEC for bivalve chronic bioassay tests conducted prior to 
December 2018 were 70 percent. Hypersaline brine (HSB) with a fixed concentration was used for the 
salinity adjustment for chronic toxicity testing conducted prior to December 2018, therefore the 
maximum test concentrations remained the same for that test period. The laboratories that conducted 
the testing from December 2018 to November 2022 used HSB created at their laboratory (i.e. 
concentration varies slightly from batch to batch), therefore the resulting maximum test concentrations 
varies slightly for the different monitoring events. The maximum test concentration for the first and 
second quarter of 2023 is higher than previous monitoring events as well as third quarter of 2023 (i.e. 
100 percent versus ~70 percent) due to the use of artificial sea salts as opposed to HSB. This resulted in 
a higher NOEC than those reported for the third and fourth quarter of 2022 despite a statistically 
significant effect was only observed in the maximum test concentration in the samples in all four 
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sampling events. For the fourth quarter of 2023, concurrent tests were conducted (one test using 
artificial salts and the other test using HSB) for the split samples (see Figure 1 for NOEC for samples with 
salinity adjustment using brine and salts). A review of the water quality parameters measured for the 
bioassay samples indicated the lowest detected salinity levels were detected in the samples collected 
from the most recent six sampling events (see Figure 1). While the elevated ammonia concentrations 
detected in the third and fourth quarter 2022 may have contributed to the observed toxicity during 
those sampling events, ammonia does not appear to be contributing to the toxicity observed in the 
monitoring events for the first and second quarter of 2023 (see Figure 2). 
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5. Overall Assessment 
While the current NPDES permit does not include specific whole effluent toxicity (WET) limits, the 
Washington Administrative Code (WAC) 173-205-020 specifies the following: 

"Whole effluent toxicity performance standard" means a level of effluent toxicity that is 
consistently so much lower than is necessary to meet state water quality standards 
(chapter 173-201A WAC) that no reasonable potential exists to violate the water quality 
standards. For acute toxicity, the performance standard is the median survival in one 
hundred percent effluent being equal to or greater than eighty percent and no individual 
test result showing less than sixty-five percent survival in one hundred percent effluent. 
For chronic toxicity, the performance standard is no chronic toxicity test demonstrating a 
statistically significant difference in response between the control and a test 
concentration equal to the acute critical effluent concentration. For permittees that are 
ineligible for an approved mixing zone, the performance standard will equal or be close 
to equal (in the case of acute toxicity) the water quality-based effluent toxicity limit. 

Based on sampling results, the acute toxicity test met the WET performance standard because survival 
rates were within acceptable limits. The survival and development endpoints of the chronic toxicity test 
met the WET performance standard because survival rates and proportion normal development were 
within acceptable limits. Due to the recently observed toxicity from third quarter 2022 through second 
quarter of 2023, CH2M recommends triggering of an accelerated testing if the next testing meets EPA 
test acceptability criteria and a statistically significant effect is detected when compared to the lab 
control. As there are no established chronic toxicity criteria included in the permit, CH2M recommends 
an accelerated schedule of WET testing to establish whether a pattern of chronic toxicity exists. 
Consistent with WAC 173-205-090(1)(b), it is recommended that the accelerated testing to be 
conducted monthly for three months using the same toxicity test as in the routine effluent WET testing 
where a statistically significant effect is detected.  

Due to the deviation of the QAPP quality control requirement for the Artificial Salts Proportion Normal 
for the mussel larvae chronic toxicity test, CH2M recommends continued concurrent mussel chronic 
bioassay testing using both artificial salt and brine for salinity adjustments in 2024 Q1. The following lists 
the recommended test dilution series: 
 
Brine 
Maximum test concentration, 50%, 25%, 12.5%, 6.25%, and control 
 
Artificial Salt 
100%, Maximum test concentration for the chronic toxicity testing using brine for salinity adjustment, 
50%, 25%, 12.5%, 6.25%, and control. 
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1. EXECUTIVE SUMMARY  

EcoAnalysts conducted Whole Effluent Toxicity (WET) testing as part of the biological compliance 
monitoring for Wyckoff/Eagle Harbor Superfund Site, in Bainbridge Island, Washington. The objective of 
this program was to assess the potential toxicity of discharge water to selected aquatic organisms 
following procedures defined under the facility’s Quality Assurance Project Plan (QAPP) (CH2M HILL 
2022). The results of the toxicity testing are contained in this report. 

The bivalve development was conducted as a side-by-side test, with one aliquot of effluent sample 
adjusted to test salinity with hypersaline brine, and another aliquot adjusted with artificial salts. 

No statistically significant biological responses of the test organisms were detected in the 96-hour acute 
test as well as at the highest test concentrations (100% and 73.5% effluent) for any of the chronic 
endpoints tested (Table 1-1). 

Table 1-1. Toxicity Test Results Summary. 

Test NOEL (%) LOEL (%) LC50/EC50 (%) 

Acute 
Menidia beryllina 

96-Hour Survival 
100 >100 >100 

Chronic - 
Brine 

Mytilus galloprovincialis  
48-Hour Proportion Survived 

73.5 >73.5 >73.5 

Mytilus galloprovincialis  
48-Hour Proportion Normal 

73.5 >73.5 >73.5 

Chronic - 
Salt 

Mytilus galloprovincialis  
48-Hour Proportion Survived 

100 >100 >100 

Mytilus galloprovincialis  
48-Hour Proportion Normal 

100 >100 >100 

NOEL = No Observed Effect Level 
LOEL = Lowest Observed Effect Level 
LC50/EC50 = Lethal/Effect Concentration to 50% of test population 
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Table 3-3. Results Summary for Mytilus galloprovincialis Embryo Development Test (Brine) 

Conc. (%) Mean Proportion 
Survived (%) 

Standard 
Deviation NOEL (%) LOEL (%) EC50 Value (%) 

Control 98.7 2.6 

73.5 >73.5 >73.5 

Brine Control 98.4 2.1 

6.25 98.5 2.0 

12.5 90.9 1.6 

25 99.4 1.2 

50 97.6 4.4 

73.5 97.7 2.2 

Conc. (%) Mean Proportion 
Normal (%) 

Standard 
Deviation NOEL (%) LOEL (%) EC50 Value (%) 

Control 97.9 1.8 

73.5 >73.5 >73.5 

Brine Control 96.2 2.1 

6.25 98.2 1.2 

12.5 97.3 0.7 

25 98.3 0.7 

50 97.8 0.4 

73.5 97.7 1.3 

NOEL = No Observed Effect Level;  
LOEL = Lowest Observed Effect Level;  
LC50/EC50 = Lethal/Effect Concentration to 50% of test population; 
Proportion survived = total counted / stocking density;  
Proportion normal = number normal/total counted 
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Table 3-4. Results Summary for Mytilus galloprovincialis Embryo Development Test (Salt) 

Conc. (%) Mean Proportion 
Survived (%) 

Standard 
Deviation NOEL (%) LOEL (%) EC50 Value (%) 

Control 97.2 3.6 

100 >100 >100 

Salt Control 92.3 6.5 

6.25 97.3 4.0 

12.5 98.4 3.2 

25 94.8 8.5 

50 98.4 3.2 

73.5 98.2 2.1 

100 99.1 1.0 

Conc. (%) Mean Proportion 
Normal (%) 

Standard 
Deviation NOEL (%) LOEL (%) EC50 Value (%) 

Control 98.2 0.5 

100 >100 >100 

Salt Control 2.0 2.1 

6.25 98.1 0.7 

12.5 97.3 0.8 

25 97.6 0.4 

50 97.0 1.7 

73.5 98.0 0.5 

100 98.2 0.4 

NOEL = No Observed Effect Level;  
LOEL = Lowest Observed Effect Level;  
LC50/EC50 = Lethal/Effect Concentration to 50% of test population; 
Proportion survived = total counted / stocking density;  
Proportion normal = number normal/total counted  
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