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1. INTRODUCTION

EcoAnalysts conducted biological toxicity testing with sediment samples collected by Windward
Environmental LLC (Windward) as part of the pre-design investigation (PDI) supporting the remedial
design for the upper reach of the Lower Duwamish Waterway (LDW) as per the Fourth Amendment to
the Administrative Order on Consent (AOC4). Sediments were evaluated for biological effects following
guidance provided by the Washington State Department of Ecology (WDOE) Sediment Management
Standards (SMS) within the Sediment Cleanup User’s Manual (SCUM; WDOE 2019). This report presents
the results of the bioassay testing portion of the sediment investigation.

2. METHODS

This section summarizes the test methods followed for this biological characterization. Test methods
followed guidance provided by the Puget Sound Estuary Program (PSEP 1995), the Sediment Cleanup
User’s Manual (WDOE 2019), and the various updates presented during the Sediment Management
Annual Review Meeting (SMARM). Sediment toxicity was evaluated using three standard PSEP
bioassays; the 10-day amphipod test, the 20-day juvenile polychaete survival and growth test, and the
benthic larval development test.

2.1 Sample Collection

Two test sediments were collected on July 13 and 14, 2021, received at EcoAnalysts on August 30, 2021,
and triggered for bioassay testing. Reference sediment was collected from Carr Inlet, WA on July 28,
2021 and received on the same day as collection. Sediment samples were stored in a walk-in cold room
at 4 £ 2°Cin the dark. The test sediment was not sieved prior to testing. All tests were conducted within
the eight-week holding time.

Native Eohaustorius estuarius sand from Yaquina Bay, Oregon was provided by Northwest Amphipod for
use as the control sediment treatment for all three tests.

2.2 Sample Grain Size and Reference Comparison

Sediment grain size is one of the characteristics used in selecting the appropriate reference sediment(s)
to compare the chemical and biological responses of project sediments. The percent fines value is
defined as the amount of sediment that passes through a 62.5-um sieve, expressed as a percentage of
the total sample analyzed (PSEP 1986). This value can also be derived from the sum of the silt and clay
fractions of the sample when determined by conventional particle-size determination (Plumb 1981). The
reference sediment grain size should have a percent fines value within 20% of the corresponding test
sediment to which it is being compared to (SCUM 2019).

Wet-sieve grain size results for the reference sample was conducted in the field (at the time of
collection) by EcoAnalysts. The percent-fines determination of the project sediments was conducted by
an analytical laboratory and provided by Windward (Table 2-1).

Table 2-1. Sample and Reference Grain Size Comparison

Sample ID Sample Abbreviation Percent Fines! Treatment Compared To
CARR32-REF 32
LDW21-IT682 IT682 33.2 CARR32-REF
LDW21-55682 $S682 33 CARR32-REF

! Wet-sieve results
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Grain size is an important factor in selecting the appropriate reference sample to compare against,
especially for the amphipod test (SCUM 2019). Samples were compared to the Carr Inlet reference
“CARR32-REF” for the purposes of evaluating the sediment under the sediment management standards.
The percent fines of the reference sediment was within 1% of the test sample values, well within the
<20% objective.

Station coordinates for the reference sample are summarized in Table 2-2.

Table 2-2. Reference Station Coordinates

Reference Sample Station Latitude Longitude

CARR32-REF CR20 47.33199 -122.67065

Sediment grain size is also one of the characteristics used in selecting the appropriate amphipod test
species to use for the program (Ampelisca abdita, Eohaustorius estuarius, or Rhepoxynius abronius). The
species A. abdita is often recommended when sediments are composed of greater than 60% fines
whereas the species E. estuarius prefers medium to fine sand sediments and is often recommended
when sediments are composed of less than 60% fines (PSEP 1995). E. estuarius is recommended for use
when porewater salinities are less than 25 ppt, as their tolerance for low salinity is better. Due to the
low percentage of fine grain sediments and low salinity in the samples, the amphipod E. estuarius was
selected for this program.

2.3 Bulk Sample Porewater Ammonia and Water Quality Measurements

Prior to testing, bulk sediment porewater ammonia concentrations and salinity were measured to
determine whether any methods modifications or supplemental testing would be required (Table 2-3).
Bulk sediments are homogenized test samples that have not been further processed for bioassay
testing.

Table 2-3. Bulk Sediment Porewater Measurements

Matrix: Bulk Porewater
Sample Total Unionized salinity Total sulfides | 'Ydrogen
Ammonia Ammonia (ppt) pH (mg/L) Sulfide
(mg/L) (mg/L) (mg/L)
IT682 8.52 0.052 11 7.2 0.001 0.000
S$5682 15.9 0.097 21 7.2 0.000 0.000

For the purposes of evaluating the potential toxicity of sediment under guidelines established in the
Sediment Cleanup User’s Manual (SCUM 2019), factors such and ammonia and sulfides are considered
an inherent component of the in-situ sediment conditions. As such, these factors are usually not
removed through manipulations such as purging. However, for the Lower Duwamish project, ammonia
and sulfide purging measures were to follow the Seattle Dredged Material Evaluation and Disposal
Procedures User Manual (DMMP 2021). If anticipated ammonia and sulfide measurements at test
initiation will be above DMMP published species thresholds (Table 2-4), purging procedures are to be

followed.
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Table 2-4. Threshold Ammonia Concentrations for Benthic Test Species

Amphipod .
Parameter . . Polychaete Larval (Bivalve)
(Eohoustorius estuarius)
<60 mg/L!
Total Ammonia 4 164 mg/L? 3.40 mg/L?
88.6 mg/L?
:::::l;?: 0.8 mg/L3 Purging Trigger | 0.46% mg/L Purging Trigger | 0.04 mg/L3 Purging Trigger

Hydrogen Sulfide 0.1223 mg/L Purging Trigger | 3.4 mg/L3 Purging Trigger | 0.0025 mg/L3 Purging Trigger

1EPA 1994
2 Mean NOEC (Internal Lab Derived)
3 Inouye et al. 2015

The bulk porewater analysis represents a potential worst-case scenario for ammonia and sulfide
exposure. In the actual solid phase test exposures, the sediment is established with overlying water
(175mL sediment/775mL overlying water) and aeration and allowed to acclimate until test initiation on
the subsequent day. A different setup is prepared for the sediment larval test that includes 18g
sediment and 900mL of overlying water that is agitated for 10 seconds and allowed to settle for four
hours before test initiation. Based on the low values in the bulk porewater, purging of ammonia and/or
sulfides was not deemed necessary for the tests. To determine whether the low salinity (11 ppt) in
sample IT682 would be a concern for the sediment larval test, a mock setup was conducted on August
31, 2021. Salinity and pH in the mock larval overlying water was within recommended test parameters
at 30 ppt and a pH of 7.5.

24 10-day Amphipod Bioassay

The 10-day amphipod acute toxicity test was conducted with Eohaustorius estuarius. Test organisms
were supplied by Northwest Amphipod in Newport, Oregon and held in native sediment. The organisms
were acclimated to, and held at, 15 + 1°C prior to test initiation. Native sediment from Yaquina Bay,
Oregon was provided by Northwest Amphipod for use as the control treatment sediment in the test.
This matrix has been used successfully in prior tests with this species and is known to support positive
organism health and survival.

The amphipod bioassay was conducted as 10-day static exposures with five replicates for each test
treatment, reference treatment, and control. Two centimeters of sediment (approximately 175 mL)
were placed into each 1-L glass chamber with 775 mL of overlying water. Trickle-flow aeration was
provided through glass pipettes, and care was taken to avoid disturbing the sediment surface. Test
chambers were placed into randomly assigned positions and allowed to equilibrate to test conditions
overnight.

Prior to the test initiation, water quality measurements were taken in a surrogate replicate for each test
treatment and included dissolved oxygen, temperature, salinity, and pH. Ammonia and sulfide
concentrations were measured in both interstitial (porewater) and overlying water at initiation and
termination. These measurements were made from a sacrificial surrogate chamber for each test
treatment. Sediment porewater was extracted via centrifugation. During the test, water quality was
monitored daily in one surrogate replicate per treatment. All water quality instruments were calibrated
daily or on their recommended schedule. Records of instrument calibration were retained in the
laboratory logs.
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To initiate the test, organisms were randomly allocated to each of the test chambers. Initial stocking
densities were 20 organisms per test chamber. Amphipods that did not bury within approximately one
hour were replaced with healthy amphipods. No food was provided during the 10-day exposure for the
amphipod test.

At test termination, sediment from each test chamber was sieved through a 0.5-mm screen to recover
all organisms. The number of surviving and dead amphipods was then enumerated.

2.5 20-day Juvenile Polychaete Bioassay

The 20-day polychaete survival and growth test was conducted with juvenile polychaete worms
(Neanthes arenaceodentata). Test organisms were obtained from Aquatic Toxicology Support in
Bremerton, Washington and held in seawater at 20°C (Neanthes were cultured in water-only and were
not held in sediment prior to testing). Native sediment of the amphipod E.s estuarius from Yaquina Bay,
Oregon was provided by Northwest Amphipod for use as the control treatment sediment for the test.
This coarse sand control sediment has been routinely tested in conjunction with this species at this
laboratory and results from historical testing have demonstrated acceptable organism health and
sediment quality.

The polychaete bioassay was conducted as a 20-day static-renewal test, with overlying exchanges of 300
mL of water occurring every third day. Each test treatment, reference treatment, and control consisted
of five replicates of 1-L glass chambers, which were filled with two centimeters of sediment
(approximately 175 mL) and 775 mL of overlying water. Trickle-flow aeration was provided through glass
pipettes, and care was taken to avoid disturbing the sediment surface. Test chambers were then
randomly assigned positions and allowed to equilibrate to test conditions overnight.

Prior to the test initiation, water quality measurements were taken in a surrogate chamber for each test
treatment and included dissolved oxygen, temperature, salinity, and pH. Ammonia and sulfide
concentrations were measured in both interstitial (porewater) and overlying water at initiation and
termination. These measurements were made from a sacrificial surrogate chamber for each test
treatment. Sediment porewater was extracted via centrifugation. During the test, water quality was
monitored daily in one surrogate replicate per treatment. All water quality instruments were calibrated
daily or on their recommended schedule. Records of instrument calibration were retained in the
laboratory logs.

To initiate the test, organisms were randomly allocated to each of the test chambers. Initial stocking
densities were five worms per test chamber. During the test, organisms were fed a diet of 40-mg of
TetraMin® slurry every other day (approximately 8-mg dry weight per worm). Pre-test initial biomass
was determined by taking dry weight and ash-free dry weight (AFDW) measurements of three replicates
of five worms each on Day 0.

At test termination, sediment from each test chamber was sieved through a 0.5-mm screen. All worms
were recovered, enumerated, rinsed in deionized water (to remove salt), and transferred to pre-
weighed aluminum foil weigh boats. After drying in an oven at 60°C for approximately 24 hours, each
weigh boat was removed, cooled in a desiccator and weighed to obtain dry weight measurements. They
were then heated to 550°C for two hours to determine the ashed weight. AFDW were calculated to
correct for the influence of sediment grain size differences between treatments:

AFDW=Dry weight-Ashed weight

Both dry weight and AFDW were used to determine individual worm weight and growth rates. The dry
weight growth rate is calculated using the following equation:

G = (DWTt, — DWTty) + (t2 — t1)
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Where: DWTt; = individual dry weight of surviving adults at test termination
DWTt: = mean individual dry weight of organisms at test initiation
t, — t1 = duration of test (e.g. days)
The AFDW growth rate is calculated using the following equations:
AFDW = (Final Dry Weight — Final Ashed Weight) + #Survivors
G = (AFDWt; — AFDW1y) + (t2 — t1)
Where: AFDWH; = individual ash-free dry weight of surviving adults at test termination
AFDW1; = mean individual ash-free dry weight of organisms at test initiation

t2 —t1 = duration of test (e.g. days)

2.6 Larval Developmental Bioassay

The bivalve larval development test was conducted with the mussel, Mytilus galloprovincialis. Adult
organisms were obtained from Taylor Shellfish in Shelton, Washington and were held under flowing
natural seawater at 16£2°C prior to spawning induction. Adult mussels were fed during the holding
period a marine algal suspension ad libitum. The control treatments consisted of both a clean seawater-
only control and a clean sand control with the addition of sediment similar to the reference and test
treatments. Sand control sediment was collected from Yaquina Bay, Oregon and provided by Northwest
Amphipod. This coarse sediment has been routinely tested in conjunction with this species at this
laboratory and results from historical testing have demonstrated acceptable organism health and
sediment quality. The reference treatment was compared against both seawater and sand controls to
determine test acceptability criteria.

The larval development bioassay was conducted as a static exposure with five replicates for each test
treatment, reference treatment, and control. Approximately 18 g (x1 g) of sediment was placed into
each 1-L glass chamber with 900 mL of overlying water. Test chambers were then shaken for 10 seconds
and placed into randomly assigned positions. The larval test was performed without aeration unless
dissolved oxygen levels fell below threshold levels for action. If required, trickle-flow aeration was
provided through glass pipettes, and care was taken to avoid disturbing the sediment surface.

Prior to the test initiation, water quality measurements were taken in the surrogate chamber for each
test treatment and included dissolved oxygen, temperature, salinity, and pH. Ammonia and sulfide
concentrations were measured in the overlying water at initiation and termination. These
measurements were made from a sacrificial surrogate chamber for each test treatment. During the test,
water quality was monitored daily in one surrogate replicate per treatment. All water quality
instruments were calibrated daily or on their recommended schedule. Records of instrument calibration
were retained in the laboratory logs.

To obtain gametes for testing, adult mussels to be spawned were placed in clean seawater at 16°C
(culture temperature) for approximately 30 — 60 minutes in the presence of dense marine algal
suspension. The mussels were then transferred to containers with culture water adjusted to 20 -23°C for
the purpose of inducing the release of gametes. The animals were held at the shocking temperature and
were monitored for spawning individuals. Spawning females and males were removed from the water
bath and placed in individual containers with seawater. These individuals were allowed to spawn until
sufficient gametes were available to initiate the test. After the spawning period, eggs were transferred
to fresh seawater and filtered through a 0.5 mm Nitex® mesh screen to remove large debris, feces, and

Report ID: PG1541.01 5 of 23 EcoAnalysts, Inc.





Bioassay Testing Results
Lower Duwamish Waterway: Remedial Design of Upper Reach
Seattle, Washington

excess gonadal matter. A composite was made of the sperm and diluted with fresh seawater. The
fertilization process was initiated by adding sperm to the isolated egg containers. Egg-sperm solutions
were periodically homogenized with a perforated plunger during the fertilization process and sub-
samples observed under the microscope for egg and sperm viability. Approximately one to one and a
half hours after fertilization, embryo solutions were checked for fertilization rate. Only those embryo
stocks with >90% fertilization were used to initiate the tests. Embryo solutions were rinsed free of
excess sperm and then combined to create one embryo stock solution. Density of the embryo stock
solution was determined by counting the number of embryos in a subsample of homogenized stock
solution. This was used to determine the volume of embryo stock solution to deliver approximately
27,000 embryos to each test chamber.

The protocol calls for test termination when 95% of the embryos in the control have reached the
prodissoconch | stage (approximately 48-60 hours). Prior to test termination, larvae within each
chamber were gently resuspended with a perforated plunger following the SMARM resuspension
protocol update (Gardiner 2010) to free any larvae trapped in sediment fines or wood debris. At
termination, the overlying seawater was decanted into a clean 1-L jar and mixed with a perforated
plunger. From this container, a 10 mL subsample was transferred to a scintillation vial and preserved in
10% buffered formalin. Larvae were subsequently stained with a dilute solution of Rose Bengal in 70%
ethanol to help visualization of larvae. The number of normal and abnormal larvae was enumerated on
an inverted microscope. Normal larvae included all D-shaped prodissoconch | stage larvae. Abnormal
larvae included abnormally shaped prodissoconch | larvae and all early stage larvae.

2.7 Data Analysis and QA/QC

All water quality and endpoint data were entered into Excel spreadsheets. Water quality parameters
were summarized by calculating the mean, minimum, and maximum values for each test treatment.
Endpoint data were calculated for each replicate and the mean values and standard deviations were
determined for each test treatment.

All hand-entered data was reviewed for data entry errors, which were corrected prior to summary
calculations. A minimum of 10% of all calculations and data sorting were reviewed for errors. Review
counts were conducted on any apparent outliers.

For Sediment Cleanup Objective (SCO) and Cleanup Screening Level (CSL) suitability determinations,
comparisons were made according to the Sediment Cleanup User’s Manual (SCUM; WDOE 2019) and
Fox et al. (1998), using BioStat software. All data were tested for normality using the Shapiro-Wilk test
and equality of variance using Levene’s test. Data reported as percent mortality or survival were
transformed using an arcsine square root transformation prior to statistical analysis. Growth data with
unequal variance were log10 transformed prior to statistical analysis. Determinations of statistical
significance were based on one-tailed Student’s t-tests with an alpha of 0.05. A comparison of the larval
endpoint relative to the reference was made using an alpha level of 0.10. For samples failing to meet
assumptions of normality, a Mann-Whitney test was conducted to determine significance. For those
samples failing to meet the assumptions of normality and equality of variance, a t-test on rankits was
used.

To evaluate the relative sensitivity of the organisms, reference toxicity tests were performed using
standard reference toxicants (Lee 1980). A water-only reference-toxicant test was conducted
concurrently with the sediment tests using ammonium chloride. The ammonium chloride reference-
toxicant test was used to ensure animals used in the test were healthy and of similar sensitivity to prior
tests. This test also provided information on the sensitivity to ammonia concentrations that would
possibly be present in the sediments.
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Statistical analyses of all dose-response tests were performed using CETIS Comprehensive Toxicity Data
Analysis and Database Software version 1.9.4.3. Comparisons between the lab control and each test
concentration were performed following recommended USEPA decision matrices (USEPA 2002).
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3. RESULTS

The results of the sediment testing, including a summary of test results and water quality observations
are presented in this section. All data, laboratory bench sheets, and statistical analyses are provided in
Appendix A while chain of custody forms and pre-test documents are supplied in Appendix B.

3.1 10-day Amphipod Bioassay

The bioassay test with E. estuarius was validated with 4% mortality in the native sediment control, which
met the performance criterion of <10% mortality for SMS evaluations and indicated that the test
conditions were suitable for adequate amphipod survival. Mean mortality in the reference treatment
was 1%, which met the performance criteria (£25% mortality) and indicated that the reference sediment
was acceptable for suitability determination. Mean mortality in the project samples ranged from 4% to
5%. All endpoint results are summarized in Table 3-1. Summaries of water quality measurements,
ammonia and sulfide concentrations, and test conditions are presented in Table 3-2 through Table 3-5.

Water quality parameters were within the acceptable limits throughout the duration of the test (Table
3-2).

A reference-toxicant test (positive control) was performed on the batch of test organisms utilized for
this study. The reference-toxicant test control met the test acceptability criterion and the LCso value was
within control chart limits (+2 standard deviations from the laboratory historical mean). This indicates
that the test organisms used in this study were of similar sensitivity to those previously tested.

Ammonia concentrations observed in the E. estuarius test were below the No Observed Effect
Concentration (NOEC) value derived from the concurrent ammonia reference-toxicant test (Table 3-3;
compare to NOEC of 106 mg/L total ammonia). Therefore, ammonia concentrations within the sediment
samples should not have been a contributor to any adverse biological effects if observed in the test
treatments. Initial and final sulfide concentrations within the overlying water and porewater were below
the trigger value of 0.122 mg/L hydrogen sulfide for all treatments, suggesting that sulfides should not
have contributed to mortality.
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Table 3-1. Test Results for Eohaustorius estuarius

Bioassay Testing Results

Lower Duwamish Waterway: Remedial Design of Upper Reach
Seattle, Washington

Number Mean
Treatment Replicate Nt-n.nber Nun‘ib‘er Missing Percent?ge Percentage SD
Initiated Surviving or Dead Mortality Mortality
1 20 18 2 10
2 20 19 1 5
Control 3 20 20 0 0 4 4.2
4 20 20 0 0
5 20 19 1 5
1 20 20 0 0
2 20 19 1 5
CARR32-REF 3 20 20 0 0 1 2.2
4 20 20 0 0
5 20 20 0 0
1 20 20 0 0
2 20 20 0 0
1T682 3 20 19 1 5 5 8.7
4 20 16 4 20
5 20 20 0 0
1 20 18 2 10
2 20 19 1 5
SS682 3 20 19 1 5 4 4.2
4 20 20 0 0
5 20 20 0 0
Table 3-2. Water Quality Summary for Eohaustorius estuarius
Dissolved Oxygen Temperature Salinity -
(mg/L) ) (ppt) o
Treatment >5.1 mg/L 15+1°C 28 + 1 ppt 7-9 units
Mean | Min | Max | Mean| Min | Max | Mean| Min | Max | Mean | Min | Max
Control 8.4 8.2 8.6 145 | 13.7 | 15.0 28 27 29 8.1 8.0 8.1
CARR32-REF 8.3 8.2 8.6 145 | 13.9 | 15.0 28 27 28 8.1 8.0 8.2
1T682 8.4 8.1 8.6 145 | 13.8 | 15.0 27 27 28 7.9 7.8 8.1
SS682 8.4 8.0 8.6 144 | 13.6 | 14.9 27 27 28 8.1 8.0 8.1
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Bioassay Testing Results

Lower Duwamish Waterway: Remedial Design of Upper Reach

Table 3-3. Ammonia Summary for Eohaustorius estuarius

Seattle, Washington

Overlying Interstitial
Total Ammonia Unionized Ammonia Total Ammonia Unionized Ammonia
(mg/L Total) (mg/L) (mg/L Total) (mg/L)
Treatment 1 1 1 1
NOEC = 106 mg/L NOEC = 2.28 NOEC = 106 mg/L NOEC = 2.28
Day 0 Day 10 Day 0 Day 10 Day 0 Day 10 Day 0 Day 10
Control 0.000 0.000 0.000 0.000 0.234 0.136 NA 0.001
CARR32-REF 0.860 0.862 0.027 0.026 4.51 1.81 0.073 0.018
IT682 0.246 0.315 0.008 0.006 6.42 2.21 0.026 0.005
SS682 0.394 0.000 0.013 0.000 5.68 3.60 0.019 0.011
INOEC derived from concurrent reference-toxicant test
NA = not enough porewater for analysis
Table 3-4. Sulfide Summary for Eohaustorius estuarius
Overlying Interstitial
. Hydrogen Sulfide Total Sulfides Hydrogen Sulfide
Total Sulfides (mg/L) (mg/L) (mg/L)
mg
Treatment (mg/L) Trigger Value = 0.122 Trigger Value = 0.122
mg/L! mg/L!
Day 0 Day 10 Day 0 Day 10 Day 0 Day 10 Day 0 Day 10
Control ND ND ND ND NA ND NM ND
CARR32-REF 0.011 0.002 0.0006 0.0001 ND ND ND ND
IT682 0.000 0.003 0.0000 0.0002 ND 0.000 ND 0.0000
S5682 0.006 ND 0.0003 ND ND ND ND ND

YInouye et al. 2015:

ND = not detected; measurement below detection limit

NM = sulfides not measured due to insufficient porewater amount
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Bioassay Testing Results
Lower Duwamish Waterway: Remedial Design of Upper Reach
Seattle, Washington

Table 3-5. Test Condition Summary for Eohaustorius estuarius

Test Conditions: PSEP E. estuarius

Date Sampled

July 13 — 14, 2021 (test samples)
July 28, 2021 (reference sample)

Date Received

August 30, 2021 (test samples)
July 28, 2021 (reference sample)

Recommended: <8 weeks (56 days)

Test Dates September 3 -13, 2021
Sample Storage Conditions 4°C, dark
Days of Holding 52 Days

Source of Control Sediment

Yaquina Bay, OR

Test Species

Eohaustorius estuarius

Supplier

Northwest Amphipod, Newport OR

Date Acquired

September 2, 2021

Age Class

Mature, 3-5 mm

Test Procedures

PSEP 1995 with SMARM revisions, SCUM (2019)

Test Location

EcoAnalysts Port Gamble Laboratory

Test Type/Duration

10-Day static

Control Water

North Hood Canal seawater, 0.45um filtered

Test Lighting

50 — 100 foot candles (ambient and constant)

Test Chamber

1-Liter Glass Chamber

Replicates per Treatment

5+ 2 surrogates
(one used for WQ measurements throughout the test)

Organisms per Replicate

20

Exposure Volume

175 mL sediment/ 775 mL water

Feeding

None

Water Renewal

None

Test Dissolved Oxygen

Recommended: > 5.1 mg/L

Observed: 8.0 — 8.6 mg/L

Test Temperature

Recommended: 15+ 1 °C

Observed: 13.6 — 15.0°C

SMS

Reference < 25% mortality

Test Salinity Recommended: 28 + 1 ppt Observed: 27 —29 ppt
Test pH Recommended: 7 -9 Observed: 7.8 -8.2
Control Performance Standard Recommended: NN
SMS Control € 10% mortality Observed mortality: 4%
Reference Performance Standard Recommended:

Observed mortality: 1%

Reference Toxicant LCso
(total ammonia)

LCso = 189.2 mg/L

Mean; Acceptable Range
(total ammonia)

184.9;115.5-295.9 mg/L

NOEC (total ammonia) 106 mg/L
NOEC (unionized ammonia) 2.28 mg /L
Deviations from Test Protocol None
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Bioassay Testing Results
Lower Duwamish Waterway: Remedial Design of Upper Reach
Seattle, Washington

3.2 20-day Juvenile Polychaete Bioassay

The bioassay test with N. arenaceodentata was validated with 0% mortality in the control. Mean
individual growth rate (MIG) in the control was 0.930 mg/ind/day (dry weight) and 0.684 mg/ind/day
(AFDW). These values fall within the test acceptability criteria for SMS evaluations of <10% mean
mortality and =0.38 mg/ind/day AFDW, indicating that the test conditions were suitable for adequate
polychaete survival and growth. A summary of the test results for all samples is shown in Table 3-6.
Summaries of water quality measurements, ammonia and sulfide concentrations, and test conditions
are presented in Table 3-7 through Table 3-10.

Mean mortality in the reference treatment was 0% (CARR32-REF), meeting the reference performance
standard of <10% (WDOE 2019). Mean individual growth rate for CARR32-REF was 1.057 mg/ind/day
(dry weight) and 0.846 mg/ind/day (AFDW). When compared to the control, MIG expressed as dry
weight for the CARR32-REF reference treatment was 1.14; it was 1.24 when expressed as AFDW. This
ratio met the reference performance standard of >20.80 (WDOE 2019).

Mortality in the project sediments was 0% for all samples. Mean individual growth (as dry weight) in the
test treatments was 0.789 (55682) and 0.801 (IT682) mg/ind/day. Mean individual growth in the AFDW
assessment, which removes variability caused by gut contents, was 0.654 (IT682) and 0.686 (S5682)
mg/ind/day as AFDW.

All water quality parameters were within the acceptable limits throughout the duration of the test
(Table 3-7). Initial mean individual biomass (pretest) of the test organisms met the recommended
criterion of 0.25 — 1.0 mg/individual at 0.734 mg/ind dry weight and 0.419 mg/ind AFDW. Control
Replicate 5 was inadvertently initiated with 6 organisms. Adjustments were made to the statistical
analysis to compensate for the additional organism.

A reference-toxicant test (positive control) was performed on the batch of test organisms utilized for
this study. The reference-toxicant test control met the test acceptability criterion and the LCso value was
within control chart limits (+2 standard deviations from the laboratory historical mean). This indicates
that the test organisms used in this study were of similar sensitivity to those previously tested.

Ammonia concentrations observed in the N. arenaceodentata test were below the NOEC value derived
from the concurrent ammonia reference-toxicant test (Table 3-8; compare to NOEC of 108 mg/L).
Sulfide concentrations were below the trigger value of 3.4 mg/L hydrogen sulfide (Inouye et al. 2015) for
all samples (Table 3-9).
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Bioassay Testing Results
Lower Duwamish Waterway: Remedial Design of Upper Reach
Seattle, Washington

Table 3-6. Test Results for Neanthes arenaceodentata

Mean Individual Growth Rate (mg/ind/day)
Treatment |Rep :: lthr;I::dr Survivors | Mortality Dry
(%) Weight Mean SD AFDW Mean SD
1 5 5 1.299 1.066
2 5 5 0.813 0.571
Control 3 5 5 0 0.819 0.930 | 0.247 0.634 0.684 0.233
4 5 5 1.050 0.701
5 6 6 0.672 0.447
1 5 5 0.667 0.482
2 5 5 0.620 0.452
CARR32-REF 3 5 5 0 1.294 1.057 | 0.406 1.057 0.846 0.402
4 5 5 1.143 0.830
5 5 5 1.560 1.408
1 5 5 0.609 0.459
2 5 5 0.963 0.783
IT682 3 5 5 8 1.003 0.801 | 0.181 0.814 0.654 0.150
4 5 5 0.636 0.555
5 5 3 0.792 0.660
1 5 5 0.817 0.661
2 5 5 1.009 0.924
55682 3 5 5 0 0.623 0.789 | 0.146 0.556 0.686 0.144
4 5 5 0.698 0.594
5 5 5 0.801 0.696

Table 3-7. Water Quality Summary for Neanthes arenaceodentata

Dissolved Oxygen Temperature Salinity oH
Treatment (mg/L) Q) (ppt) I
24.6 mg/L 20t 1°C 28 + 2 ppt

Mean | Min | Max | Mean | Min | Max | Mean | Min Max | Mean | Min Max
Control 7.4 7.2 7.9 19.9 | 188 | 204 29 28 30 8.0 7.9 8.2
CARR32-REF 7.4 7.0 7.9 20.0 | 186 | 20.6 29 28 29 8.0 7.8 8.2
IT682 7.3 6.9 7.9 20.0 | 188 | 20.5 28 27 29 7.9 7.8 8.0
S$S682 7.3 6.9 7.9 199 | 18.8 | 204 28 27 29 7.9 7.5 8.1
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Bioassay Testing Results

Lower Duwamish Waterway: Remedial Design of Upper Reach

Table 3-8. Ammonia Summary for Neanthes arenaceodentata

Seattle, Washington

Overlying Interstitial
Total Ammonia Unionized Ammonia Total Ammonia Unionized Ammonia
(mg/L Total) (mg/L) (mg/L Total) (mg/L)
Treatment a 0l 0l 0l
NOEC = 108 mg/L NOEC = 2.053 NOEC = 108 mg/L NOEC = 2.053
Day 0 Day 20 Day 0 Day 20 Day 0 Day 20 Day 0 Day 20
Control 0.00 2.94 0.000 0.109 0.00 3.49 0.000 0.021
CARR32-REF 0.0159 0.00 0.000 0.000 1.87 0.495 0.020 0.003
IT682 0.125 0.131 0.003 0.004 2.07 1.73 0.012 0.005
$5682 0.412 0.00 0.009 0.000 4.40 1.54 0.020 0.005
INOEC (concurrent reference-toxicant test derived)
Table 3-9. Sulfide Summary for Neanthes arenaceodentata
Overlying Interstitial
Total Sulfides Hydrogen fulflde Total Sulfides Hydrogen fulflde
(mg/L Total) (me/L) (mg/L Total) (me/L)
Treatment Trigger Value = 3.4 Trigger Value =3.4
mg/L* mg/L*
Day 0 Day 20 Day 0 Day 20 Day 0 Day 20 Day 0 Day 20
Control ND 0.002 ND 0.000 ND ND ND ND
CARR32-REF ND ND ND ND 0.000 ND 0.000 ND
IT682 ND 0.000 ND 0.000 0.171 0.019 0.0464 0.008
S5682 ND ND ND ND ND 0.030 ND 0.012
YInouye et al. 2015
ND = not detected; measurement below detection limit
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Bioassay Testing Results
Lower Duwamish Waterway: Remedial Design of Upper Reach
Seattle, Washington

Table 3-10. Test Condition Summary for Neanthes arenaceodentata

Test Conditions: PSEP N. arenaceodentata

Date Sampled

July 13 — 14, 2021 (test samples)
July 28, 2021 (reference sample)

Date Received

August 30, 2021 (test samples)
July 28, 2021 (reference sample)

Recommended: <8 weeks (56 days)

Test Dates September 3 — 23, 2021
Sample Storage Conditions 4°C, dark
Days of Holding 52 Days

Source of Control Sediment

Yaquina Bay, OR

Test Species

Neanthes arenaceodentata

Supplier

Aguatic Toxicology Support

Date Acquired

September 2, 2021

Age Class

Juvenile; 16 days post-emergence

Test Procedures

PSEP 1995 with SMARM revisions, SCUM (2019)

Test Location

EcoAnalysts Port Gamble Laboratory

Test Type/Duration

20-Day static renewal

Control Water

North Hood Canal seawater, 0.45um filtered

Test Lighting

50 — 100 foot candles (ambient and constant)

Test Chamber

1-Liter Glass Chamber

Replicates per Treatment

5+ 2 surrogates
(one used for WQ measurements throughout the test)

Organisms per Replicate

5

Exposure Volume

175 mL sediment/ 775 mL water

Feeding

40 mg/jar every other day (8 mg/ind every other day)

Water Renewal

Water renewed every third day (1/3 volume of exposure chamber)

Test Dissolved Oxygen

Recommended: > 4.6 mg/L

Observed: 6.9-7.9 mg/L

Test Temperature

Recommended: 20+ 1 °C

Observed: 18.6 — 20.6 °C

Test Salinity

Recommended: 28 + 2 ppt

Observed: 27 — 30 ppt

Test pH

Recommended: 7 -9 Observed: 7.5-8.2

Initial Biomass

Recommended: 0.5-1.0 mg
Minimum: 0.25 mg

0.734 mg (dry weight)
0.419 mg (AFDW)

Control Performance Standard

Recommended:

- N9
Control < 10% mortality Observed: 0%

Observed:
0.684 mg/ind/day

Recommended: >0.38 mg/ind/day
(as AFDW)

Reference Performance Standard
(SMS)

Observed: 0%
1.14 (dry weight)
1.24 (AFDW)

Recommended: Mortality <20%
MlGReference/M|GControl >0.80

Reference Toxicant LCso (total ammonia)

LCso = 174.6 mg/L

Mean; Acceptable Range (total ammonia)

207.9; 161.7 — 267.3 mg/L

NOEC (total ammonia)

108 mg/L

NOEC (unionized ammonia)

2.053 mg/L

Deviations from Test Protocol

Additional animal in control replicate 5
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Bioassay Testing Results
Lower Duwamish Waterway: Remedial Design of Upper Reach
Seattle, Washington

3.3 Larval Development Bioassay

The larval development test with M. galloprovincialis was validated by 0.70 proportion normal
survivorship (defined as the mean number of normal larvae within the control divided by the stocking
density) in the seawater control and 0.71 in the sand control. These values were within the SMS control
acceptability criterion of 20.70. A summary of the test results for all samples is shown in Table 3-11.
Summaries of water quality measurements, ammonia and sulfide concentrations, and test conditions
are presented in Table 3-12 through Table 3-14.

Mean number normal of the CARR32-REF reference sediment was 0.84 of the seawater control response
and 0.83 of the sand control. The reference sediment met the SMS reference acceptability criteria
(Nr/Nc) of >0.65, which is defined as the number of normal larvae in the reference sample(s) divided by
the number of normal larvae in the control. The test mean chamber stocking density (measured at test
initiation) was 29.0 embryos/mL and was within the test objective of 20 — 40 embryos/mL.

Water quality parameters were within acceptable limits throughout the test (Table 3-12). Approximately
24hrs after test initiation, dissolved oxygen had dropped to 5.7 mg/L in S5682 (below the 6.0 mg/L
trigger for initiation of aeration). Upon discovery, gentle aeration was added to all chambers. The
dissolved oxygen remained above the 60% saturation limit (5.0 mg/L at 28 ppt and 16°C) throughout the
test.

A reference-toxicant test (positive control) was performed on the batch of test organisms utilized for
this study. The reference-toxicant test control met the test acceptability criterion and the ECso value was
within control chart limits (+2 standard deviations from the laboratory historical mean). This indicates
that the test organisms used in this study were of similar sensitivity to those previously tested.

Ammonia concentrations observed in the M. galloprovincialis test were below the NOEC value derived
from the concurrent ammonia reference-toxicant test (1.59 mg/L total ammonia and 0.03 mg/L
unionized ammonia; Table 3-13), indicating that ammonia is unlikely to have contributed to biological
effects within the samples. Sulfide concentrations were below the trigger value of 0.0025 mg/L
hydrogen sulfide (Inouye et al. 2015), indicating that sulfides within the sediment samples are unlikely to
have contributed to any adverse biological effects observed in the test treatments.
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Bioassay Testing Results
Lower Duwamish Waterway: Remedial Design of Upper Reach
Seattle, Washington

Table 3-11. Test Results for Mytilus galloprovincialis: Standard Exposure

1 198 57
2 201 67
Seawater Control | 3 | 219 51 2028 |125| 0.70 Meeio'czg‘e o
4 210 58
5 186 65
1 208 31
2 197 39
Sand Control 3 216 44 204.8 11.5 0.71 20'7.0; .
2 14 " Meets Criterion
5 189 41
! 173 39 vs Seawater
2 170 29 Control: 50,65
CARR32-REF 3 164 22 170.4 9.0 0.84 o
2 184 6 vs Sand Control: Meets Criterion
5 | 161 29 0.83
1 162 34
2 169 27
1IT682 3 162 37 169.6 8.0
4 175 40
5 180 44
1 120 26
2 140 33
SS682 3 143 34 132.6 9.3
4 132 21
5 128 26

| = Mean Initial count (Stocking density); 290.4
Nc= Mean Control Normal
Ngr = Mean Reference Normal
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Table 3-12. Water Quality Summary for Mytilus galloprovincialis

Bioassay Testing Results
Lower Duwamish Waterway: Remedial Design of Upper Reach
Seattle, Washington

Seawater Control 7.7 7.5 8.3 159 | 15.2 | 169 28 27 28 8.0 7.9 8.0
Sand Control 7.8 7.4 8.3 159 | 150 | 174 28 27 28 8.0 7.9 8.0
CARR32-REF 7.1 6.3 7.8 | 161 | 154 | 17.2 28 27 28 8.0 7.9 8.0
IT682 6.9 6.0 8.3 159 | 152 | 171 27 27 28 7.9 7.8 8.0
$S682 6.9 5.7 8.3 159 | 148 | 17.2 28 27 28 7.9 7.8 8.0

Table 3-13. Ammonia and Sulfide Summary for Mytilus galloprovincialis

Seawater Control| 0.109 0.000 0.003 0.000 ND ND ND ND
Sand Control 0.000 0.000 0.000 0.000 ND 0.008 ND 0.0005
CARR32-REF 0.000 0.000 0.000 0.000 0.002 0.003 0.0001 0.0002
IT682 0.000 0.000 0.000 0.000 0.003 0.002 0.0002 0.0001
$5682 0.0849 0.000 0.002 0.000 0.000 ND 0.0000 ND
INOEC (concurrent reference-toxicant test derived)
ZInouye et al. 2015
ND = Non-detect
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Bioassay Testing Results

Lower Duwamish Waterway: Remedial Design of Upper Reach

Table 3-14. Test Condition Summary for Mytilus galloprovincialis

Seattle, Washington

Test Conditions: PSEP M. galloprovincialis

Date Sampled

July 13 — 14, 2021 (test samples)
July 28, 2021 (reference sample)

Date Received

August 30, 2021 (test samples)
July 28, 2021 (reference sample)

Recommended: < 8 weeks (56 days)

Test Dates September 2 — 4, 2021
Sample Storage Conditions 4°C, dark
Holding Time 51 Days

Test Species

Mytilus galloprovincialis

Supplier

Taylor Shellfish, Shelton, WA

Date Acquired

September 1, 2021

Age Class

<4-h old embryos

Test Procedures

PSEP 1995 with SMARM revisions, SCUM (2019)

Test Location

EcoAnalysts Port Gamble Laboratory

Test Type/Duration

48-60 Hour static test (Actual: 48 hours)

Control Water

North Hood Canal sea water, 0.45um filtered

Test Lighting

50 — 100 foot candles (14hr light: 10hr dark)

Test Chamber

1-Liter Glass Chamber

Replicates per Treatment

5 + 1 surrogate (used for WQ measurements throughout the test)

Exposure Volume

18 g sediment/ 900 mL water

Feeding

None

Water Renewal

None

Test Dissolved Oxygen

Recommended: >4.8 mg/L

Observed: 5.7 — 8.3 mg/L

Test Temperature

Recommended: 16 + 1 °C

Observed: 14.8-17.4 °C

Test Salinity

Recommended: 28 + 1 ppt

Observed: 27 — 28 ppt

Test pH

Recommended: 7.5-9

Observed: 7.8 - 8.0

Stocking Density

Recommended: 20 -40
embryos/mL

Observed: 29.0 embryos/mL

Control Performance Standard
(SMS)

Recommended:
Control normal survival > 0.70

Observed:
Seawater Control 0.70
Sand Control 0.71

Reference Performance Standard
(SMS)

Recommended:
Reference normal survival relative
to sediment control > 0.65

Observed:
CARR32-REF: 0.83 -0.84

Reference Toxicant Endpoint

Total Ammonia

Unionized Ammonia

Reference Toxicant ECso

ECs0 =6.23 mg/L

ECs0=0.138 mg/L

Mean; Acceptable Range

6.50; 3.72 — 11.37 mg/L

0.136; 0.066 — 0.280 mg/L

NOEC Combined Proportion Normal

1.59 mg/L

0.03 mg/L

Deviations from Test Protocol

Test aerated due to decreasing dissolved oxygen (Day 1 in S5682)
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Bioassay Testing Results
Lower Duwamish Waterway: Remedial Design of Upper Reach
Seattle, Washington

4, DISCUSSION

Sediments were evaluated based on SMS criteria. The biological criteria are based on both statistical
significance (a statistical comparison) and the degree of biological response (a numerical comparison).
The SMS criteria are derived from the Washington Department of Ecology’s Sediment Cleanup User’s
Manual Il (SCUM; WDOE 2019). Comparisons were made for each treatment against the reference
sample using BioStat software. Two numerical comparisons were made under SMS: the Sediment
Cleanup Objectives (SCO) and the Cleanup Screening Level (CSL).

4.1 Amphipod Test Suitability Determination

Under the SMS program, a treatment will fail SCO if mean mortality in the test sediment is >25% and the
difference between mean mortality in the treatment compared to mean mortality in the reference is
statistically significant (p < 0.05). Treatments fail the CSL if mean mortality in the test treatment >230%
relative to the reference sediment and the difference is statistically significant.

None of the mortality observed in the project sediments was statistically different than that of the
applicable reference treatment. None of the project sediments fail the SCO and CSL criteria for the
amphipod test as shown in Table 4-1.

Table 4-1. SMS Comparison for Eohaustorius estuarius

Statistically Mortality . 1 Fails
Mean " . Fails SCO?
: . | Differentthan | Comparison o CsL??
UG Mo(t;a;llty Compared To: Reference? to Reference ( A;schl uAt) e) 230%
. (P=0.05) Mr-Mr (%) (M1-MR)
Control 4
CARR32-REF 1
IT682 5 CARR32-REF No 4 No No
SS682 4 CARR32-REF No 3 No No
1SCO: Statistical Significance and M1 >25%
2CSL: Statistical Significance and Mr-Mg 230%
Mr = Treatment Mortality
Mr = Reference Mortality
4.2 Juvenile Polychaete Test Suitability Determination

Suitability determinations for the juvenile polychaete test were based on MIG as AFDW. A test
treatment fails SCO criteria if MIG is statistically lower in the test treatment, relative to the reference,
and the ratio of the MIG in the test treatment is <0.70 that of the reference. The treatments will fail CSL
criteria if the MIG is significantly lower than the reference treatment and the ratio between the MIG of
the treatment and the MIG of the reference is <0.50.

There was no significant difference in growth between any of the project sediments and the reference
treatment (Table 4-2). Both project sediments pass the SCO and CSL criteria.
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Bioassay Testing Results
Lower Duwamish Waterway: Remedial Design of Upper Reach
Seattle, Washington

Table 4-2. SMS Comparison for Neanthes arenaceodentata

Statistically .
MIG . MIG Relative . .
1 2
Treatment (mg/ind/day) Com.lp_\g'nson Rl-eefsesr::?:'e‘? to Reference Fa|<lsosg(()) : Fa|<IsoC55(;. :
AFDW . _ . MIGT/MIGr . .
(p=0.05)
Control 0.684
CARR32-REF 0.846
IT682 0.654 CARR32-REF No 0.77 No No
55682 0.686 CARR32-REF No 0.81 No No

1SCO: Statistical Significance and MIGr/MIGr<0.70
2CSL: Statistical Significance and MIGr/MIGg <0.50
MIGr = Treatment Mean Individual Growth Rate
MIGr = Reference Mean Individual Growth Rate

4.3 Larval Test Suitability Determination

Larval test treatments fail SCO criteria if the number of normal larvae in the test treatment is
significantly lower (p < 0.10) than that of the reference and if the ratio between the normal larval
development in the test treatment is less than 0.85 of the normal development in the reference.
Treatments fail CSL criteria if the number of normal larvae in the test treatment is significantly lower (p
< 0.10) than that of the reference and if the ratio between the normal larval development in the test
treatment is less than 0.70 of the normal development in the reference.

When compared to CARR32-REF, sample SS682 contained a mean number of normal larvae that was
statistically less than that of the reference whereas IT682 did not (Table 4-3). The ratio of normal larvae
between sample SS682 and the reference was below 0.85, failing SCO criteria; however, it was not
below 0.70, meeting CSL criteria. The ratio of normal larvae between sample IT682 and the reference
was not below 0.85, which met SCO and CSL criteria.

Ammonia and sulfide levels in sample SS682 were below trigger values for the duration of the larval test
and are not likely to have contributed to adverse biological results.

Table 4-3. SMS Comparison for Mytilus galloprovincialis

. . Normal ) .
Treatment Nlr:‘l?agr ComT[.:)a.red tsI:::sF::::elerlf:; iirf‘g:.l:;:: SI:ZaCI)I';l (II:;‘II.I;‘2
Normal . (p=0.10) Nt/Ng <0.85 <0.70
Seawater Control 202.8
Sand Control 204.8
CARR32-REF 170.4
IT682 169.6 CARR32-REF No 1.00 No No
55682 132.6 CARR32-REF Yes 0.78 Yes No

1SCO: Statistical Significance and (N1/Ng) <0.85
2CSL: Statistical Significance and (Nt/Ng) <0.70
Nt =Treatment Mean Number Normal
Ng =Reference Mean Number Normal
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5. SUMMARY

Bioassay Testing Results

Lower Duwamish Waterway: Remedial Design of Upper Reach

Seattle, Washington

A summary of the biological tests conducted on the sediments evaluated under the SMS sediment
quality criteria (Table 5-1) are provided below.

Sample IT682 passes the SCO and CSL performance criteria for all bioassay tests. Sample SS682 fails to
meet the SCO criteria for the sediment larval test but passes for the other two test species; it passes CSL

criteria for all three test species.

Table 5-1. Summary of SMS Evaluation

Sediment Cleanup Objectives Cleanup Screening Levels
Treatment
Amphipod Polychaete Larval Amphipod Polychaete Larval
IT682 Pass Pass Pass Pass Pass Pass
55682 Pass Pass Fail Pass Pass Pass
Report ID: PG1541.01 22 of 23 EcoAnalysts, Inc.






Bioassay Testing Results
Lower Duwamish Waterway: Remedial Design of Upper Reach
Seattle, Washington
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APPENDIX A. TEST DATA, STATISTICAL ANALYSES, AND REFERENCE
TOXICANT TEST RESULTS






1. Eohaustorius estuarius 10-day Test






1.1 Eohaustorius estuarius Test Data






Version T.5

Client

Project

Project Number

Project Manager

Date Oldest Sample Collected
Sample Holding Time
Test Start Date

Test Species

Organism Supplier
Organism Acquired
Organism Acclimation
Organism Age

Test Type/Duration

Test Protocol

Regional Protocol
Laboratory Location
Test Location

Sample Treatment
Control Sediment Source
Water Batch

Test Lighting

Test Chamber

Replicates Per Treatment
Organisms per Replicate
Exposure Volume
Feeding Information
Test Dissolved Oxygen
Test Temperature

Test Salinity

Test pH

Water Renewal Info

GENERAL

Anchor/Windward

Lower Duwamish / AOC4

PG1541

M. Knowlen

7/13/2021

52

09/03/21

Eohaustorius estuarius

NW Amphipod

9/2/2021

1

Mature, 3-5 mm

10 day SP

PSEP 1995

SCUM 2019

Port Gamble

Bath 5

none

Yaquina Bay, OR

FSW090121.02

Continuous

1L mason jars

5

20

2 cm sediment/ 775 mL water

None

>5.1

9/27/2021 Duwamish Eoh 10-DAY SP PSEP T.5 Setup

Note: input lowest and highest
decimal for temp

Test Parameters

Min Max
DO: 5.1
Temp: 13.5 16.4
Sal: 27 29
pH: 7 9
TEST START TIME: 1420
TEST END TIME: 845

10

11

12

13

14

15

16

17

18

19

20

CLIENT SAMPLE ID LABID

Control P210902.03
Carr32-Ref P210728.02
IT682 P210830.02
55682 P210830.03
Page 1






10 DAY SP WQ DATA SHEET

CLIENT PROIECT SPECIES LOCATION PROTOCOL
Anchor/Windward Lower Duwamish / AOC4 Eohaustorius estuarius Port Gamble / Bath 5 PSEP 1995, SCUM 2019
PROIECT NUMBER TEST TYPE/DURATION WATER DESCRIPTION TEST START DATE TEST END DATE
PG1541 10 day SP FSW090121.02 September 3, 2021 September 13, 2021
WATER QUALITY DATA
DO (mg/L) TEMP (°C) SALINITY (ppt) pH
SAMPLE ID DAY REP JAR # TECHNICIAN Date Meter >5.1 14-16 27-29 7-9 Notes
Control 0 Surr 22 MK 09/03/21 9 8.2 14.8 28 8.0
Control 1 Surr 22 NL 09/04/21 9 8.3 14.8 28 8.1
Control 2 Surr 22 P 09/05/21 9 8.4 14.5 28 8.1
Control 3 Surr 22 DM 09/06/21 9 8.2 15.0 29 8.1
Control 4 Surr 22 DM 09/07/21 8 8.5 14.7 27 8.1
Control 5 Surr 22 NL 09/08/21 8 8.4 14.6 28 8.1
Control 6 Surr 22 P 09/09/21 9 8.3 13.7 29 8.1
Control 7 Surr 22 MS 09/10/21 8 8.5 14.3 28 8.1
Control 8 Surr 22 NL 09/11/21 8 8.6 14.2 28 8.1
Control 9 Surr 22 IP 09/12/21 8 8.5 14.4 28 8.1
Control 10 Surr 22 MS 09/13/21 8 8.3 14.5 29 8.1
Carr32-Ref 0 Surr 23 MK 09/03/21 9 8.2 14.7 28 8.1
Carr32-Ref 1 Surr 23 NL 09/04/21 9 8.2 14.8 28 8.0
Carr32-Ref 2 Surr 23 IP 09/05/21 9 8.2 14.6 28 8.0
Carr32-Ref 3 Surr 23 DM 09/06/21 9 8.3 15.0 28 8.1
Carr32-Ref 4 Surr 23 DM 09/07/21 8 8.3 14.8 28 8.0
Carr32-Ref 5 Surr 23 NL 09/08/21 8 8.6 14.7 27 8.1
Carr32-Ref 6 Surr 23 IP 09/09/21 9 8.2 13.9 28 8.1
Carr32-Ref 7 Surr 23 MS 09/10/21 8 8.4 14.4 28 8.1
Carr32-Ref 8 Surr 23 NL 09/11/21 8 8.5 14.3 28 8.1
Carr32-Ref 9 Surr 23 IP 09/12/21 8 8.6 14.4 28 8.2
Carr32-Ref 10 Surr 23 MS 09/13/21 8 8.3 14.2 28 8.1
1T682 0 Surr 5 MK 09/03/21 9 8.1 14.6 28 8.1
1T682 1 Surr 5 NL 09/04/21 9 8.2 14.8 28 7.9
1T682 2 Surr 5 P 09/05/21 9 8.3 14.5 27 8.0
1T682 3 Surr 5 DM 09/06/21 9 8.3 15.0 28 7.9

Page 1 of 2






10 DAY SP WQ DATA SHEET

CLIENT PROIECT SPECIES LOCATION PROTOCOL
Anchor/Windward Lower Duwamish / AOC4 Eohaustorius estuarius Port Gamble / Bath 5 PSEP 1995, SCUM 2019
PROIECT NUMBER TEST TYPE/DURATION WATER DESCRIPTION TEST START DATE TEST END DATE
PG1541 10 day SP FSW090121.02 September 3, 2021 September 13, 2021
WATER QUALITY DATA
DO (mg/L) TEMP (°C) SALINITY (ppt) pH
SAMPLE ID DAY REP JAR # TECHNICIAN Date Meter >5.1 14-16 27-29 7-9 Notes
1T682 4 Surr 5 DM 09/07/21 8 8.4 14.7 27 7.9
1T682 5 Surr 5 NL 09/08/21 8 8.6 14.4 27 7.8
1T682 6 Surr 5 P 09/09/21 9 8.3 13.8 27 7.8
1T682 7 Surr 5 MS 09/10/21 8 8.5 14.3 27 7.8
1T682 8 Surr 5 NL 09/11/21 8 8.4 14.4 27 7.9
1T682 9 Surr 5 IP 09/12/21 8 8.5 14.5 27 7.8
1T682 10 Surr 5 MS 09/13/21 8 8.6 14.1 27 7.9
$5682 0 Surr 17 MK 09/03/21 9 8.0 14.8 28 8.1
SS682 1 Surr 17 NL 09/04/21 9 8.3 14.8 28 8.0
$5682 2 Surr 17 P 09/05/21 9 8.4 14.5 28 8.1
SS682 3 Surr 17 DM 09/06/21 9 8.3 14.9 28 8.1
55682 4 Surr 17 DM 09/07/21 8 8.5 14.6 27 8.0
55682 5 Surr 17 NL 09/08/21 8 8.6 14.3 27 8.0
55682 6 Surr 17 P 09/09/21 9 8.4 13.6 28 8.1
SS682 7 Surr 17 MS 09/10/21 8 8.5 14.3 27 8.1
SS682 8 Surr 17 NL 09/11/21 8 8.6 14.3 27 8.1
SS682 9 Surr 17 P 09/12/21 8 8.6 14.5 27 8.1
$5682 10 Surr 17 MS 09/13/21 8 8.5 14.3 27 8.1
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10-DAY SP TEST OBSERVATION DATA SHEET

Comments
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10-DAY SP TEST OBSERVATION DATA SHEET

CLIENT PROJECT PROJECT NO. PROJECT MANAGER LOCATION PROTOCOL SPECIES
Anchor/Windward Lower Duwamish / AOC4 PG1541 M. Knowlen Port Gamble / Bath 5 PSEP 1995 Eohaustorius estuarius
Observation Key ENDPOINT DATA & OBSERVATIONS
#FOS = Num Floating on Water Surface 5
#E = Num Emerged from Sediment k]
. c NL P DM DM NL P Ms NL P MK
#M = Number of Mortalities S
L = Anoxic Surface 2
G = Growth - - - - - - — — — “
D = No Air Flow o N N N < S N < N N N
B 3 8 8 S 8 ] S s 8 i)
N = Normal o = = = = = = ~ ~ ~ ~
[=1) [=2) [=2) (=) [=2) [=2) (=) [=2) [=2) [=2)
TC = Too Cloudy to Observe e e ° ° ° ° ° e ° °
- =
a © >
CLIENT ID o = £ |8 1 2 3 4 5 6 7 8 9 10 Comments
- c
55682 2 21 20 1FOS N N N N N N 1FOS N 1FOS
55682 3 7 20 1FOS 1FOS N N N 1FOS N N N N
55682 4 14 20 N N N N 1FOS N N N N N
55682 5 6 20 1FOS 1FOS N N N 1FOS 1FOS N N N
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10 Day SP Survival Summary

CLIENT PROJECT PROJECT NUMBER
Anchor/Windward Lower Duvarish / A0C3 PG1541
PROJECT MANAGER SPECIES
M. Knowlen Eohaustorius estuarius
Date Recovered
9/13/2021
Sample ID Rep Jar# | # Initiated # Alive # Dead Initials # Missing Comments
or Dead
Control 1 9 20 18 2 MK 2
Control 2 13 20 19 0 MK 1
Control 3 15 20 20 0 MK 0
Control 4 8 20 20 0 MK 0
Control 5 19 20 19 0 MK 1
Carr32-Ref 1 11 20 20 0 MK 0
Carr32-Ref 2 4 20 19 0 MK 1
Carr32-Ref 3 2 20 20 0 MK 0
Carr32-Ref 4 10 20 20 0 MK 0
Carr32-Ref 5 24 20 20 0 MK 0
IT682 1 20 20 20 0 MK 0
IT682 2 18 20 20 0 MK 0
IT682 3 12 20 19 0 MK 1
IT682 4 16 20 16 2 MK 4
IT682 5 1 20 20 0 MK 0
SS682 1 3 20 18 0 MK 2
SS682 2 21 20 19 0 MK 1
SS682 3 7 20 19 0 MK 1
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10 Day SP Survival Summary

CLIENT PROJECT PROJECT NUMBER
Anchor/Windward LawerDuvaish /A0CH PG1541
PROJECT MANAGER SPECIES
M. Knowlen Eohaustorius estuarius
Date Recovered
9/13/2021
- . - # Missing
Sample ID Rep Jar# | # Initiated # Alive # Dead Initials Comments
or Dead
55682 4 14 20 20 0 MK 0
55682 5 6 20 20 0 MK 0
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CLIENT PROJECT PROJECT NUMBER SPECIES
Anchor/Windward Lower Duwamish / AOC4 PG1541 Eohaustorius estuarius
Survival Statistics Mortality Statistics
Sample ID Rep | #Initiated | # Alive | % Survival Surl\\ll::::‘(%) SD % Mortality M0|!\t/|aTiat: %) SD
Control 1 20 18 90
Control 2 20 19 95
Control 3 20 20 100
Control 4 20 20 100
Control 5 20 19 95
Carr32-Ref 1 20 20 100
Carr32-Ref 2 20 19 95
Carr32-Ref 3 20 20 100
Carr32-Ref 4 20 20 100
Carr32-Ref 5 20 20 100
IT682 1 20 20 100
IT682 2 20 20 100
IT682 3 20 19 95
IT682 4 20 16 80
IT682 5 20 20 100
$5682 1 20 18 90
$5682 2 20 19 95
$5682 3 20 19 95
$5682 4 20 20 100
55682 5 20 20 100 96.0 4.2 0 4.0 4.2






10 Day SP Test Day 0 Overlying Ammonia

CLIENT PROJECT PROJECT NUMBER SPECIES
Anchor/Windward Lower Duwamish / AOC4 PG1541 Eohaustorius estuarius
Calibration Standards Temperature: 20.3|Date: 9/3/2021 [Tech: MK (sulf) & IP (NH3)
NH; sample temperature should be within +/- 1°C of standard temp at time and date of analysis
mieasurea Laicuiatea
Total Total
NH ;3 Dissolved Dissolved Test Undissociated
Overlying/ Total NH 3 sample waq/Temp Sulfide  Sulfide Sample  Sulfide Sulfide salinity Test temp Unionized Sulfide
Sample Day Porewater (mg/L) temp Meter (ug/LasS) Volume (ml)  Multiplier (ug/LasS) (ppt) Test pH (C) Temp (K) | NH; pKa® NH; (mg/L) | H,SpK,* (ug/LasH,S)
rced d Record Record Record Record Record Record C C C C Calculated C Notes
Control 0 Overlying 0 20.8 T17/10 ND 10 1 ND 28 8.0 14.8 287.95 9.26 0.000 6.68 ND
Carr32-Ref 0 Overlying 0.86 21.0 T17/10 11 10 1 11 28 8.1 14.7 287.85 9.26 0.027 6.68 0.565
1T682 0 Overlying 0.246 211 T17/10 0 10 1 0 28 8.1 14.6 287.75 9.26 0.008 6.69 0.000
55682 0 Overlying 0.394 21.0 T17/10 6 10 1 6 28 8.1 14.8 287.95 9.26 0.013 6.68 0.307

lofl





10 Day SP Test Day 0 Porewater Ammonia

CLIENT PROJECT PROJECT NUMBER SPECIES
Anchor/Windward Lower Duwamish / AOC4 PG1541 Eohaustorius estuarius
Calibration Standards Temperature 20.3|Date: 9/3/2021 [Tech: MK (sulf) & IP (NH3)
NH; sample temperature should be within +/- 1°C of standard temp at time and date of analysis
wvieasurea Laicuiatea
Total Sulfide Total
NH 3 Dissolved ~ Sample Dissolved ~ Porewater Unionized Undissociated
Overlying/ TotalNH;  sample = WQ/Temp  Sulfide Volume Sulfide Sulfide salinity ~ Porewater Test temp NH 5 Sulfide

Sample Day Porewater  (mg/L) temp Meter (ug/LasS) (ml) Multiplier  (ug/L as S) (ppt) PH (] Temp (K) | NH; pKka*® (mg/L) H,SpK,* (pg/LasH,S)

Sourced Sourced Record Record Record Record Record Record Calculated Record Record Sourced | Calculated | Calculated | Calculated | Calculated Calculated Notes
Control 0 Porewater [  0.234 211 T17/10 NA NA NA #VALUE! NA A 14.8 287.95 | #VALUE! | #VALUE! | #VALUE! #VALUE! ":‘A[:: s/'?ugh PW for sulfide analysis.
Carr32-Ref 0 Porewater 4.51 20.9 T17/10 ND 5 2 ND 29 7.8 14.7 287.85 9.26 0.073 6.68 ND
1T682 0 Porewater 6.42 20.9 T17/10 ND 10 1 ND 21 7.2 14.6 287.75 9.25 0.026 6.71 ND
55682 0 Porewater 5.68 21.2 T17/10 ND 10 1 ND 27 7.1 14.8 287.95 9.26 0.019 6.68 ND

lofl






10 Day SP Test Day 10 Overlying Ammonia

CLIENT PROJECT PROJECT NUMBER SPECIES
Anchor/Windward Lower Duwamish / AOC4 PG1541 Eohaustorius estuarius
Calibration Standards Temperature: 20.0|Date: 9/13/2021 |Tech: IP/DM
NH; sample temperature should be within +/- 1°C of standard temp at time and date of analysis
Measured Lalculated
Total Sulfide Total
NH ; Dissolved Sample Dissolved Test Undissociated
Overlying/ Total NH; sample  WQ/Temp  Sulfide Volume Sulfide Sulfide salinity Test temp Unionized NH; | H,S Sulfide
Sample Day Porewater (mg/L) temp Meter (ug/L as S) (ml) Multiplier (ug/L as S) (ppt) Test pH (9] Temp (K) | NH; pKa® (mg/L) PK,* (ug/LasH,S)
Sourced Sourced Record Record Record Record Record Record Calculated | Sourced Sourced Sourced | Calculated | Calculated Calculated | Calculated| Calculated Notes
Control 10 Overlying 0 21.0 10/T17 ND 10 1 ND 29 8.1 14.5 287.65 9.26 0.000 6.69 ND
Carr32-Ref 10 Overlying 0.862 20.8 10/T17 2 10 1 2 28 8.1 14.2 287.35 9.26 0.026 6.69 0.105
17682 10 Overlying 0.315 20.7 10/T17 3 10 1 3 27 7.9 14.1 287.25 9.26 0.006 6.70 0.244
55682 10 Overlying 0 20.7 10/T17 ND 10 1 ND 27 8.1 14.3 287.45 9.26 0.000 6.69 ND

lofl






10 Day SP Test Day 10 Porewater Ammonia

CLIENT PROJECT PROJECT NUMBER SPECIES
Anchor/Windward Lower Duwamish / AOC4 PG1541 Eohaustorius estuarius
Calibration Standards Temperature: 20.0|Date: 9/13/2021 |Tech: 1P/DM
NH; sample temperature should be within +/- 1°C of standard temp at time and date of analysis
Ivieasurea Laicuiatea
Total Sulfide Total
NH 3 Dissolved Sample Dissolved  Porewater Undissociated
Overlying/ Total NH 3 sample waq/Temp Sulfide Volume Sulfide Sulfide salinity ~ Porewater Test temp Unionized H,S Sulfide
Sample Day Porewater (mg/L) temp Meter (ug/L as S) (ml) Multiplier  (ug/L as S) (ppt) pPH (9] Temp (K) | NH; pKa® NH; (mg/L, pK, * (ng/LasH,S)
Sourced Sourced Record Record Record Record Record Record Calculated Record Record 1 | G 1 | Calculated [ Calculated |Calculated Calculated Notes
Control 10 Porewater 0.136 19.7 T17/8 ND 10 1 ND 29 7.5 14.5 287.65 9.26 0.001 6.69 ND
Carr32-Ref 10 Porewater 1.81 19.7 T17/8 ND 10 1 ND 28 7.6 14.2 287.35 9.26 0.018 6.69 ND
11682 10 Porewater 221 19.8 T17/8 0 10 1 0 26 7.0 14.1 287.25 9.26 0.005 6.70 0.000
55682 10 Porewater 3.6 19.5 T17/8 ND 10 1 ND 27 7.1 14.3 287.45 9.26 0.011 6.69 ND

lofl





1.2 Eohaustorius estuarius Statistical Results






Project Name:

Lower Duwamish / AOC4: Amphipod Mortality

Sample: x1 Ref Samp: x2
Samp ID: 1T682 Ref ID: CARR32-REF
Alias: Alias:
Replicates: 5 Replicates: 5
Mean: 0.05 Mean: 0.01
SD: 0.087 SD: 0.022
Tr Mean: N/A Tr Mean: N/A
Trans SD: N/A Trans SD: N/A
Shapiro-Wilk Results: Levene's Results: Test Results:
Residual Mean: 0 Test Residual Mean: 0.06 Statistic: Mann-Whitney
Residual SD: 0.041 Test Residual SD: 0.055 Balanced Design: Yes
SS: 0.032 Ref. Residual Mean: 0.016 Transformation: rank-order
K: 5 Ref. Residual SD: 0.013
b: 0.155 Deg. of Freedom: 8
Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 <=x2
Calculated Value: 0.7518 Calculated Value: 1.7447 Alternate: x1 > x2
Critical Value: <=0.842 Critical Value: >=1.860
Mann-Whitney N1: 5
Mann-Whitney N2: 5
Normally Variances Degrees of Freedom:
Distributed: No Homogeneous: Yes Experimental Alpha Level: 0.05
Calculated Value: 15.5
Override Option: Not Invoked Critical Value: >=21.000
Accept Null Hypothesis: Yes
Power:
Min. Difference for Power:
Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference  Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals  Residuals Ranks Rankits Residuals
1 0 4 0 4 0.05 0.01 4 -0.05
2 0 4 0.05 8.5 0.05 0.04 4 -0.05
3 0.05 8.5 0 4 0 0.01 4 -0.05
4 0.2 10 0 4 0.15 0.01 4 -0.01
5 0 4 0 4 0.05 0.01 4 -0.01
6 4 -0.01
7 4 -0.01
8 8.5 0
9 8.5 0.04
10 10 0.15






Project Name:

Lower Duwamish / AOC4: Amphipod Mortality

Sample: x1 Ref Samp: x2
Samp ID: SS682 Ref ID: CARR32-REF
Alias: Alias:
Replicates: 5 Replicates: 5
Mean: 0.04 Mean: 0.01
SD: 0.042 SD: 0.022
Tr Mean: 0.875 Tr Mean: 0.256
Trans SD: 0.828 Trans SD: 0.573
Shapiro-Wilk Results: Levene's Results: Test Results:
Residual Mean: 0 Test Residual Mean: 0.7 Statistic: Student's t
Residual SD: 0.462 Test Residual SD: 0.269 Balanced Design: Yes
SS: 4.053 Ref. Residual Mean: 0.41 Transformation: ArcSin
K: 5 Ref. Residual SD: 0.344
b: 1.91 Deg. of Freedom: 8
Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 <=x2
Calculated Value: 0.8999 Calculated Value: 1.4847 Alternate: x1 > x2
Critical Value: <=0.842 Critical Value: >=1.860
Normally Variances Degrees of Freedom: 8
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.05
Calculated Value: 1.3744
Override Option: N/A Critical Value: >=1.860
Accept Null Hypothesis: Yes
Power:
Min. Difference for Power:
Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference  Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals  Residuals Ranks Rankits Residuals
1 0.1 1.812 0 0 0.937 0.256 -0.875
2 0.05 1.281 0.05 1.281 0.406 1.025 -0.875
3 0.05 1.281 0 0 0.406 0.256 -0.256
4 0 0 0 0 0.875 0.256 -0.256
5 0 0 0 0 0.875 0.256 -0.256
6 -0.256
7 0.406
8 0.406
9 0.937
10 1.025






1.3 Eohaustorius estuarius Reference Toxicant Test Results






































































2.

Neanthes arenaceodentata Solid-Phase Test





2.1 Neanthes arenaceodentata Test Data






Version T.6

Client

Project

Project Number

Project Manager

Date Oldest Sample Collected
Sample Holding Time
Test Start Date

Test Species

Organism Supplier
Organism Acquired
Organism Acclimation
Organism Age

Test Type/Duration

Test Protocol

Regional Protocol
Laboratory Location
Test Location

Sample Treatment
Control Sediment Source
Water Batch

Test Lighting

Test Chamber

Replicates Per Treatment
Organisms per Replicate
Exposure Volume
Feeding Information
Test Dissolved Oxygen
Test Temperature

Test Salinity

Test pH

Water Renewal Info

GENERAL

Anchor/Windward

Lower Duwamish / AOC4

PG1541

M. Knowlen

7/13/2021

52

09/03/21

Neanthes arenaceodentata

Aquatic Toxicology Support

9/3/2021

0

Juvenile (2-3 weeks post emergence)

20-Day Solid Phase

PSEP 1995

SCUM 2019

Port Gamble

Bath 6

none

Yaquina Bay, OR

FSW090121.02

Continuous

1L glass jars

5 replicates + 2 surrogates

5

Note: input lowest and highest
decimal for temp

Test Parameters

2 cm sediment/ 775 mL water

Food Batch ID

40 mg Tetramin/Replicate every other day

D04843

8+1

Renewed every third day

9/29/2021 Duwamish Neanthes 20-DAY SP PSEP T.6 Setup

Min Max
DO: 4.6
Temp: 18.5 21.4
Sal: 26 30
pH: 7 9
TEST START TIME: 15:48
TEST END TIME: 1045
CLIENT SAMPLE ID LAB ID
1| Control P210902.03
5| Carr32Ref P210728.02
3 IT682 P210830.02
4 55682 P210830.03
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
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20 Day SP Test Pretest

CLIENT
Anchor/Windward

PROJECT
Lower Duwamish / AOC4

PROJECT MANAGER
M. Knowlen

SPECIES
Neanthes arenaceodentata

Oven Event 1

Oven Event 2

Muffle Furnace

Oven ID:| Persephone | Beelzebub Persephone
N/A (used
Date/Time/Initals In Oven:| prevashed |9/3/2116:23 SH
boats) 9/9/21 0905 MS
N/A (used
prev ashed 60 Calculated Dry Weights Calculated Ash Free Dry Weights
OvenTemp °C:|  poats) 550
Date/Time/Initials Out Oven N/A (used
. . prev ashed |9/4/2021 1651 NL
into Dessicator:
boats) 9/9/21 1225 MS
Date/Time/Initials Weighed:|9/3/21 1535 MK| 9/9/21 0900 MS|9/23/2021 1504 SH
Balance ID: #3 #3 #3
Numb: M Ash-F D M
u.m er Total Dry Wt. [ Total Ashed Wt.| Dry Weight per | Dry Weight per L ean s ) ree ory AFDW per .e.an
Rep/Boat # Animals  |Tare Wt. (mg) (me) (me) Replicate (mg) | Individual (mg) Individual Dry SD Weight per Individual (mg) Individual SD
Weighed g g P & & Weight (mg) Replicate (mg) 6 AFDW (mg)
5 262.39 264.83 262.79 2.44 0.488 2.04 0.408
5 371.66 377.1 374.64 5.44 1.088 2.46 0.492
5 358.01 361.14 359.36 3.13 0.626 0.734 0.31 1.78 0.356 0.419 0.07
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20 Day SP Test WQ Data Sheet

CIIFNT PROIFCT SPECIFS 1OCATION PROTOCOI
Anchor/Windward Lower Duwamish / AOC4 Neanthes arenaceodentata Port Gamble / Bath 6 PSEP 1995, SCUM 2019
PROIFCT MANAGFR TFST TYPF/DURATION PROIFCT NUIMRFR TFST START DATF TFST FNID DATF
M. Knowlen 20-Day Solid Phase PG1541 September 3, 2021 September 23, 2021
WATER QUALITY DATA
DO (mg/L) TEMP (°C) SALINITY (ppt) pH Water Feed
Renewal 40 mg
SAMPLE ID DAY REP JAR # TECHNICIAN Date Meter >4.6 19-21 26-30 7-9 Tetramin/Rep Notes
Control 0 Surr 5 MS 09/03/21 8 7.9 18.8 28 7.9
Control 1 Surr 5 NL 09/04/21 9 7.2 19.9 28 7.9
Control 2 Surr 5 P 09/05/21 9 7.4 20.1 28 8.0
Control 3 Surr 5 DM 09/06/21 9 7.2 20.2 29 7.9
Control 4 Surr 5 DM 09/07/21 8 7.5 20.2 28 8.0
Control 5 Surr 5 NL 09/08/21 8 7.3 20.4 28 7.9
Control 6 Surr 5 P 09/09/21 9 7.2 20.0 29 8.1
Control 7 Surr 5 MS 09/10/21 8 7.3 20.1 28 7.9
Control 8 Surr 5 NL 09/11/21 8 7.4 20.4 28 8.2
Control 9 Surr 5 P 09/12/21 8 7.2 20.2 28 7.9
Control 10 Surr 5 MS 09/13/21 8 7.5 19.8 29 8.0
Control 11 Surr 5 P 09/14/21 8 7.3 19.8 29 7.9
Control 12 Surr 5 MS 09/15/21 8 7.6 20.1 29 8.1
Control 13 Surr 5 NL 09/16/21 8 7.5 19.7 29 7.9
Control 14 Surr 5 NL 09/17/21 9 7.3 19.7 29 8.0
Control 15 Surr 5 NL 09/18/21 9 7.2 19.8 29 8.0
Control 16 Surr 5 P 09/19/21 9 7.3 19.5 29 8.0
Control 17 Surr 5 P 09/20/21 8 7.5 19.9 30 7.9
Control 18 Surr 5 DM 09/21/21 8 7.5 19.9 29 8.0
Control 19 Surr 5 MS 09/22/21 9 7.4 19.5 28 7.9
Control 20 Surr 5 MS 09/23/21 8 7.6 19.9 29 8.0
Carr32 Ref 0 Surr 21 MS 09/03/21 8 7.9 18.6 28 7.9
Carr32 Ref 1 Surr 21 NL 09/04/21 9 7.1 20.3 28 7.9
Carr32 Ref 2 Surr 21 P 09/05/21 9 7.2 20.3 28 7.9
Carr32 Ref 3 Surr 21 DM 09/06/21 9 7.1 20.5 29 7.9
Carr32 Ref 4 Surr 21 DM 09/07/21 8 7.4 20.4 28 8.0
Carr32 Ref 5 Surr 21 NL 09/08/21 8 7.2 20.6 28 7.8
Carr32 Ref 6 Surr 21 IP 09/09/21 9 7.0 20.3 29 8.1
Carr32 Ref 7 Surr 21 MS 09/10/21 8 7.1 20.3 28 7.9
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20 Day SP Test WQ Data Sheet

CIIFNT PROIFCT SPECIFS 1OCATION PROTOCOI
Anchor/Windward Lower Duwamish / AOC4 Neanthes arenaceodentata Port Gamble / Bath 6 PSEP 1995, SCUM 2019
PROIFCT MANAGFR TFST TYPF/DURATION PROIFCT NUIMRFR TFST START DATF TFST FNID DATF
M. Knowlen 20-Day Solid Phase PG1541 September 3, 2021 September 23, 2021
WATER QUALITY DATA
DO (mg/L) TEMP (°C) SALINITY (ppt) pH Water Feed
Renewal 40 mg
SAMPLE ID DAY REP JAR # TECHNICIAN Date Meter >4.6 19-21 26-30 7-9 Tetramin/Rep Notes

Carr32 Ref 8 Surr 21 NL 09/11/21 8 7.5 20.5 28 8.2 NL
Carr32 Ref 9 Surr 21 P 09/12/21 8 7.4 19.9 29 8.1 P
Carr32 Ref 10 Surr 21 MS 09/13/21 8 7.5 19.9 29 8.1 MS
Carr32 Ref 11 Surr 21 P 09/14/21 8 7.4 19.9 29 8.0
Carr32 Ref 12 Surr 21 MS 09/15/21 8 7.6 19.6 29 8.2 MS MS
Carr32 Ref 13 Surr 21 NL 09/16/21 8 7.5 19.5 29 8.1
Carr32 Ref 14 Surr 21 NL 09/17/21 9 7.3 19.4 29 8.2 NL
Carr32 Ref 15 Surr 21 NL 09/18/21 9 7.2 19.8 29 8.1 NL
Carr32 Ref 16 Surr 21 P 09/19/21 9 7.4 19.6 29 8.1 P
Carr32 Ref 17 Surr 21 P 09/20/21 8 7.4 20.0 29 8.0
Carr32 Ref 18 Surr 21 DM 09/21/21 8 7.5 19.9 29 8.1 DM DM
Carr32 Ref 19 Surr 21 MS 09/22/21 9 7.5 19.7 28 8.1
Carr32 Ref 20 Surr 21 MS 09/23/21 8 7.6 20.0 29 8.1
1T682 0 Surr 7 MS 09/03/21 8 7.9 18.8 27 7.8 MK
1T682 1 Surr 7 NL 09/04/21 9 7.1 20.0 28 7.8
1T682 2 Surr 7 IP 09/05/21 9 7.4 20.2 27 7.9 IP
1T682 3 Surr 7 DM 09/06/21 9 7.2 20.3 28 7.9 DM
1T682 4 Surr 7 DM 09/07/21 8 7.5 20.2 27 7.9 SH
1T682 5 Surr 7 NL 09/08/21 8 7.3 20.5 27 7.9
1T682 6 Surr 7 IP 09/09/21 9 7.2 20.1 28 8.0 NL IP
1T682 7 Surr 7 MS 09/10/21 8 7.4 20.2 28 7.9
1T682 8 Surr 7 NL 09/11/21 8 7.4 20.5 28 8.0 NL
1T682 9 Surr 7 IP 09/12/21 8 7.2 20.2 28 7.8 IP
1T682 10 Surr 7 MS 09/13/21 8 7.5 20.0 28 7.9 MS
1T682 11 Surr 7 P 09/14/21 8 7.3 19.9 28 7.8
1T682 12 Surr 7 MS 09/15/21 8 7.4 20.2 28 7.9 MS MS
1T682 13 Surr 7 NL 09/16/21 8 7.4 19.9 29 7.8
1T682 14 Surr 7 NL 09/17/21 9 7.3 19.8 29 7.9 NL
1T682 15 Surr 7 NL 09/18/21 9 7.0 19.9 29 7.8 NL
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20 Day SP Test WQ Data Sheet

CIIFNT PROIFCT SPECIFS 1OCATION PROTOCOI
Anchor/Windward Lower Duwamish / AOC4 Neanthes arenaceodentata Port Gamble / Bath 6 PSEP 1995, SCUM 2019
PROIFCT MANAGFR TFST TYPF/DURATION PROIFCT NUIMRFR TFST START DATF TFST FNID DATF
M. Knowlen 20-Day Solid Phase PG1541 September 3, 2021 September 23, 2021
WATER QUALITY DATA
DO (mg/L) TEMP (°C) SALINITY (ppt) pH Water Feed
Renewal 40 mg
SAMPLE ID DAY REP JAR # TECHNICIAN Date Meter >4.6 19-21 26-30 7-9 Tetramin/Rep Notes
1T682 16 Surr 7 P 09/19/21 9 6.9 19.7 28 7.8 IP
1T682 17 Surr 7 P 09/20/21 8 7.4 20.0 29 7.8
1T682 18 Surr 7 DM 09/21/21 8 7.4 20.0 29 7.9
1T682 19 Surr 7 MS 09/22/21 9 7.4 19.7 28 7.8
1T682 20 Surr 7 MS 09/23/21 8 7.6 20.0 29 7.9
55682 0 Surr 3 MS 09/03/21 8 7.9 18.8 27 7.8
55682 1 Surr 3 NL 09/04/21 9 6.9 20.2 28 7.8
55682 2 Surr 3 IP 09/05/21 9 7.2 20.0 28 7.8
55682 3 Surr 3 DM 09/06/21 9 7.2 20.2 28 8.0
55682 4 Surr 3 DM 09/07/21 8 7.1 20.3 28 7.9
55682 5 Surr 3 NL 09/08/21 8 7.0 204 28 7.8
55682 6 Surr 3 IP 09/09/21 9 7.0 20.0 28 7.9
55682 7 Surr 3 MS 09/10/21 8 7.3 20.0 28 7.9
55682 8 Surr 3 NL 09/11/21 8 7.5 20.2 28 8.0
55682 9 Surr 3 IP 09/12/21 8 7.3 20.1 28 7.9
55682 10 Surr 3 MS 09/13/21 8 7.4 19.6 29 7.9
55682 11 Surr 3 P 09/14/21 8 7.4 19.8 29 8.0
55682 12 Surr 3 MS 09/15/21 8 7.5 20.1 29 8.1
55682 13 Surr 3 NL 09/16/21 8 7.5 19.7 29 8.0
55682 14 Surr 3 NL 09/17/21 9 73 19.6 29 8.1
55682 15 Surr 3 NL 09/18/21 9 7.2 19.8 29 8.0
55682 16 Surr 3 P 09/19/21 9 7.4 19.5 29 8.1
55682 17 Surr 3 P 09/20/21 8 7.5 19.9 29 8.0
55682 18 Surr 3 DM 09/21/21 8 7.5 19.9 29 7.5
55682 19 Surr 3 MS 09/22/21 9 7.5 19.5 28 8.0
55682 20 Surr 3 MS 09/23/21 8 7.6 19.9 29 8.0
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20 Day SP Test Obs Sheet

CLIENT PROJECT PROJECT NO. PROJECT MANAGER LOCATION PROTOCOL SPECIES
Anchor/Windward Lower Duwamish / AOC4 PG1541 M. Knowlen Port Gamble / Bath 6 PSEP 1995, SCUM 2019 Neanthes arenaceodentata
Observation Key ENDPOINT DATA & OBSERVATIONS
#FOS = Num Floating on Water Surface R
#E = Num Emerged from Sediment 2
#M = Number of Mortalities £ NL 13 DM by NL 13 Ms NL 1P Ms 1P Ms NL NL NL 14 P DM MS Ms
]
&
2 & 8 g g g 8 g 8 g 8 g 8 g 8 g 8 g g g 8
2 3 Iy 3 = B ) 3 E; B @ B3 Ty s N e & 3 3 ) &
TC = Too Goudy o Observe 305 | S 8 S| Sl S sl sl s s s sl E sl E sl s s 8 o8
U = Excess Food 8 g 8 g 8 g 8 g 3 g 3 g 8 g 8 g 8 g 8 g
a b >
CLIENT ID ] 5 =2 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 Comments
Control 1 2| s u u u L uL L N N N ULIE
LU L G G G1E G,1E GU,1E G G G
Control 2 2 5 u N N N N N u N u u
[y N 1E N G G G N N N
Control 3 8 5 u N u N u N u N N u
Y 1E u N N N Y N N N
Control 4 0| s u u u N u u u N u u
Y 1E N 1E N N Y G N N
Control 5 1| s u u u N u N u u u u
Y N u N N N Y G N N
Carr32 Ref 1 17 | s u u u N u GU |u G UG u
UG G UG G G G G G N N
Carr32 Ref 2 2| s u u u u u GU |u N UG UG
GU G G G G G GU G G G
Carr32 Ref 3 18 | 5 u u u u u GU |uG G UG u
UG G UG G G G GU G N N
Carr32 Ref 4 19| s u N u N u GU |u G GU u
UG N N G G G G G G G
Carr32 Ref 5 13| s u u u UG uGL uG (U G GUL GL
GUL G G G G G GU G G N
1T682 1 23| s u u u u u u u N u N
GU G G G G G GU G G G
1682 2 5| s u u u u u U1E  |U N u u
UG G UG G G G GU G G G
11682 3 1 5 u u N N u GU |uL L LU L1E
1EUL G G G G N N G N N
1T682 4 6 | 5 u u u N u L UL L GUL N
UG TC N G G G G G N N
1T682 5 20| s u u u u u u u GL LUG GL
LUG TC G G G G GUL G, 1E G G
55682 1 14| s u u u u u uG (U G UG UG
GU uG UG GL GL G GU G G G
55682 2 4 5 u u u u u u u u UG UG
GU UG u G G G G G N G
55682 3 6 5 u N uL UL uLG GUL |UGL GL LUG uGL
GU uGL GL GL GLIE GL GUL G G G
55682 4 12| s u u uL uL uGL GUL (U u u u
GU UG,L UG,L GL GL GL GULIE G G G
55682 5 9 5 u u u u uGL GUL |u N uLG UG
GU UGLIE  [GL GL GL GL GUL G G G
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20 Day SP Test Survival Summary

CLIENT PROJECT PROJECT NUMBER
Anchor/Windward Lower Duwamish / AOC4 PG1541
PROJECT MANAGER SPECIES
M. Knowlen Neanthes arenaceodentata
Date
Recovered/
Initials: 9/23/21 MK DM
Sample ID Rep Jar # Boat # | # Initiated | # Alive # Dead Comments
Control 1 22 1 5 5 0
Control 2 2 2 5 5 0
Control 3 8 3 5 5 0
Control 4 10 4 5 5 0
Control 5 11 5 5 6 0
Carr32 Ref 1 17 6 5 5 0
Carr32 Ref 2 24 7 5 5 0
Carr32 Ref 3 18 8 5 5 0
Carr32 Ref 4 19 9 5 5 0
Carr32 Ref 5 13 10 5 5 0
IT682 1 23 11 5 5 0
IT682 2 15 12 5 5 0
IT682 3 1 13 5 5 0
IT682 4 16 14 5 5 0 One small worm
IT682 5 20 15 5 5 0
SS682 1 14 16 5 5 0
SS682 2 4 17 5 5 0
SS682 3 6 18 5 5 0
$5682 4 12 19 5 5 0 One small worm
SS682 5 9 20 5 5 0
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20 Day SP Test Weights Summary

CLIENT PROJECT
Anchor/Windward Lower Duwamish / AOC4
PROJECT NUMBER PROJECT MANAGER SPECIES
PG1541 M. Knowlen Neanthes arenaceodentata
Oven Event 1 Oven Event 2 Muffle Furnace
Oven ID: Persephone Beelzebub Persephone
Date/Time/Initials In Oven:| 9/22/21 0903 MS | 9/23/21 1120 DM (9/27/21 0936 MS
Oven Temp °C: 550 60 550.00
Date/Time/"?itials Oui-: Oven 9/22/21 1308 MS | 9/24/21 1210 MS
into Dessicator: 9/27/21 1453 DM
Date/Time/Initials Weighed:| 9/22/21 1605 MS | 9/27/21 0921 MS |9/27/21 1533 MS
Balance ID: #3 #3 #3
Sample ID Rep Boat # Tare Wt. (mg) Total Dry Wt. (mg) Total ?r:[;(;d w. Comments
Control 1 1 322.4 455.97 347.3
Control 2 2 337.68 422.64 363.41
Control 3 3 378.56 464.08 398.58
Control 4 4 396.84 505.47 433.26
Control 5 5 287.78 372.82 316.65
Carr32 Ref 1 6 362.49 432.82 382.48
Carr32 Ref 2 7 333.09 398.76 351.49
Carr32 Ref 3 8 327.09 460.16 352.39
Carr32 Ref 4 9 380.29 498.21 413.15
Carr32 Ref 5 10 331.96 491.64 348.76
IT682 1 11 384.67 449.21 401.22
IT682 2 12 392.07 492.03 411.66
IT682 3 13 326.96 430.95 347.49
IT682 4 14 353.21 420.48 362.89
IT682 5 15 331.52 414.41 346.27
$5682 1 16 349.1 434.44 366.26
55682 2 17 373.75 478.3 383.82
55682 3 18 410.6 476.58 418.92
55682 4 19 352.08 425.5 364.03
$5682 5 20 343.41 427.14 355.41
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20 Day SP Test Survival Summary

CLIENT PROJECT PROJECT NUMBER PROJECT MANAGER SPECIES
Anchor/Windward Lower Duwamish / AOC4 PG1541 M. Knowlen Neanthes arenaceodentata
Survival Statistics Mortality Statistics Calculated Dry Weights Calculated Ash Free Dry Weigl
. . . Mean . Mean
Mean % Mean Dry Weight per Dry Weight Individual Individual AFDW per AFDW per Individual Individual
Sample ID Rep |#Initiated| # Alive | % Survival Survival (%) SD Mortality Mortality SD .Replicate - per Individual | Growt.h Rate Growth Rate sD .Replicate - Individual - Growvh:h Rate Growth Rate SD
(%) Biomass (mg) Growth (mg) | (mg/ind/d) (mefind/d) Biomass (mg) | Growth (mg) | (mg/ind/d) (me/ind/d)
Control 1 5 5 100 133.57 26.714 1.299 108.67 21.734 1.066
Control 2 5 5 100 84.96 16.992 0.813 59.23 11.846 0.571
Control 3 5 5 100 85.52 17.104 0.819 65.50 13.1 0.634
Control 4 5 5 100 108.63 21.726 1.050 72.21 14.442 0.701
Control 5 6 6 100 85.04 14.173 0.672 0.930 0.247 56.17 9.361666667 0.447
Carr32 Ref 1 5 5 100 70.33 14.066 0.667 50.34 10.068 0.482
Carr32 Ref 2 5 5 100 65.67 13.134 0.620 47.27 9.454 0.452
Carr32 Ref 3 5 5 100 133.07 26.614 1.294 107.77 21.554 1.057
Carr32 Ref 4 5 5 100 117.92 23.584 1.143 85.06 17.012 0.830
Carr32 Ref 5 5 5 100 159.68 31.936 1.560 1.057 0.406 142.88 28576 1.408
1T682 1 5 5 100 64.54 12.908 0.609 47.99 9.598 0.459
1T682 2 5 5 100 99.96 19.992 0.963 80.37 16.074 0.783
1T682 3 5 5 100 103.99 20.798 1.003 83.46 16.692 0.814
1T682 4 5 5 100 67.27 13.454 0.636 57.59 11.518 0.555
1T682 5 5 5 100 82.89 16.578 0.792 0.801 0.181 68.14 13.628 0.660
55682 1 5 5 100 85.34 17.068 0.817 68.18 13.636 0.661
55682 2 5 5 100 104.55 20.910 1.009 94.48 18.896 0.924
55682 3 5 5 100 65.98 13.196 0.623 57.66 11.532 0.556
55682 4 5 5 100 73.42 14.684 0.698 61.47 12.294 0.594
55682 5 5 5 100 100.0 0.0 0 0.0 0.0 83.73 16.746 0.801 0.789 0.146 71.73 14.346 0.696 0.686 0.144
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20 Day SP Test Day 0 Overlying Ammonia

CLIENT PROJECT SPECIES
Anchor/Windward Lower buwarish / Aocs Neanthes arenaceodentata
Calibration Standards e 20.3|Date: 9/3/2021 [rech: NL

NH; sample temperature should be within +/- 1°C of standard temp at time and date of analysis

wvieasurea caicuiatea
Total Sulfide Total
NH 3 Dissolved Sample Dissolved Test Undissociated
Overlying/ Total NH ; sample ~ WQ/Temp  Sulfide Volume Sulfide Sulfide salinity Test temp Unionized H,S Sulfide
Sample Day Porewater (mg/L) temp Meter (ug/LasS) (ml) Multiplier  (ug/L as S) (ppt) Test pH (v} Temp (K) | NH; pKa® NH; (mg/L)| pKa* (ug/LasH,S)
Sourced Sourced Record Record Record Record Record Record Calculated | Sourced Sourced Sourced | Calculated | Calculated | Calculated [Calculated| Calculated Notes
Control 0 Overlying 0 19.7 T17/10 ND 10 1 ND 28 7.9 18.8 291.95 9.26 0.000 6.62 ND
Carr32 Ref 0 Overlying 0.0159 20.0 T17/10 ND 10 1 ND 28 7.9 18.6 291.75 9.26 0.000 6.62 ND
1T682 0 Overlying 0.125 19.7 T17/10 ND 10 1 ND 27 7.8 18.8 291.95 9.26 0.003 6.62 ND
55682 0 Overlying 0.412 19.7 T17/10 ND 10 1 ND 27 7.8 18.8 291.95 9.26 0.009 6.62 ND
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20 Day SP Test Day 0 Porewater Ammonia

CLIENT

Anchor/Windward

PROJECT

Lower Duwamish / AOCA

SPECIES

Neanthes arenaceodentata

Calibration Standards

20.3

Date:

9/3/2021 [rech:

NL

NH,; sample temperature should be within +/- 1°C of standard temp at time and date of analysis

vieasurea Laicuiatea
Total Sulfide Total
NH 3 Dissolved ~ Sample Dissolved  Porewater Unionized Undissociated
Overlying/ Total NH; sample waq/Temp Sulfide Volume Sulfide Sulfide salinity ~ Porewater Test temp NH 5 Sulfide
Sample Day Porewater (mg/L) temp Meter (ug/L as S) (ml) Multiplier  (ug/L as S) (ppt) pH (9] Temp (K) | NH; pKa*® (mg/L) H,S pKa* (ug/LasH,S)
Sourced Sourced Record Record Record Record Record Record Calculated Record Record Sourced | Calculated | Calculated | Calculated | Calculated Calculated Notes
Control 0 Porewater 0 213 T17/M8 ND 10 1.0 ND 29 7.4 18.8 291.95 9.26 0.000 6.61 ND
Carr32 Ref 0 Porewater 1.87 21.2 T17/M8 0 10 1.0 0 28 7.5 18.6 291.75 9.26 0.020 6.62 0.000
IT682 0 Porewater 2.07 20.7 T17/M8 171 10 1.0 171 26 7.2 18.8 291.95 9.26 0.012 6.62 46.360
55682 0 Porewater 4.4 21.0 T17/M8 ND 10 1.0 ND 26 7.1 18.8 291.95 9.26 0.020 6.62 ND
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20 Day SP Test Day 20 Overlying Ammonia

CLIENT PROJECT SPECIES
Anchor/Windward Lower Duwamish / AOCA Neanthes arenaceodentata
Calibration Standards : 20.3[ate: 9/23/2021 [tech: Ms
NH,; sample temperature should be within +/- 1°C of standard temp at time and date of analysis
vieasurea caiculatea
Total Sulfide Total
NH ;3 Dissolved ~ Sample Dissolved Test Unionized Undissociated
Overlying/ Total NH; sample waq/Temp Sulfide Volume Sulfide Sulfide salinity Test temp NH 3 Sulfide
Sample Day Porewater (mg/L) temp Meter (ug/L as S) (ml) Multiplier  (ug/L as S) (ppt) Test pH (9] Temp (K) | NH; pKa*® (mg/L) H,SpKa* (pug/LasH,S)
Sourced Sourced Record Record Record Record Record Record Calculated | Sourced Sourced Sourced | Calculated | Calculated | Calculated | Calculated Calculated Notes
Control 20 Overlying 2.94 20.1 T17 2 10 1 2 29 8.0 19.9 293.05 9.26 0.109 6.60 0.106
Carr32 Ref 20 Overlying 0 20.0 T17 ND 10 1 ND 29 8.1 20.0 293.15 9.26 0.000 6.59 ND
1T682 20 Overlying 0.131 20.0 T17 0 10 1 0 29 7.9 20.0 293.15 9.26 0.004 6.59 0.000
55682 20 Overlying 0 20.0 T17 ND 10 1 ND 29 8.0 19.9 293.05 9.26 0.000 6.60 ND
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20 Day SP Test Day 20 Porewater Ammonia

CLIENT PROJECT SPECIES
Anchor/Windward Lower Duwamish / AOCH Neanthes arenaceodentata
Calibration Standards : 20.3|Date: 9/23/2021 |Tech: MS
NH,; sample temperature should be within +/- 1°C of standard temp at time and date of analysis
vieasurea Laicuiatea
Total Sulfide Total
Dissolved Sample Dissolved  Porewater Undissociated
Overlying/ Total NH; NH; sample wWQ/Temp Sulfide Volume Sulfide Sulfide salinity Porewater Test temp Unionized Sulfide
Sample Day Porewater (mg/L) temp Meter (ug/L as S) (ml) Multiplier (ug/L as S) (ppt) pH ((v] Temp (K) | NH; pKa® NH; (mg/L) |H,SpKa* (ug/LasH,S)
Sourced Sourced Record Record Record Record Record Record Calculated Record Record Sourced | Calculated | Calculated | Calculated [ Calculated| Calculated Notes
Control 20 Porewater 3.49 20.7 8/T17 ND 10 1 ND 29 7.2 19.9 293.05 9.26 0.021 6.60 ND
Carr32 Ref 20 Porewater 0.495 21.0 8/T17 ND 10 1 ND 29 7.2 20.0 293.15 9.26 0.003 6.59 ND
IT682 20 Porewater 1.73 20.9 8/T17 19 10 1 19 29 6.9 20.0 293.15 9.26 0.005 6.59 7.814
55682 20 Porewater 1.54 20.9 8/T17 30 10 1 30 29 6.9 19.9 293.05 9.26 0.005 6.60 12.364
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2.2 Neanthes arenaceodentata Statistical Results






Project Name:

Lower Duwamish / AOC4: Neanthes Growth

Sample: x1 Ref Samp: x2
Samp ID: 1T682 Ref ID: CARR32-REF
Alias: Alias:
Replicates: 5 Replicates: 5
Mean: 0.654 Mean: 0.846
SD: 0.15 SD: 0.403
Tr Mean: 0.217 Tr Mean: 0.258
Trans SD: 0.04 Trans SD: 0.094
Shapiro-Wilk Results: Levene's Results: Test Results:
Residual Mean: 0 Test Residual Mean: 0.031 Statistic: Approximate t
Residual SD: 0.047 Test Residual SD: 0.019 Balanced Design: Yes
SS: 0.042 Ref. Residual Mean: 0.073 Transformation: Logl10 (x + 1.0)
K: 5 Ref. Residual SD: 0.046
b: 0.201 Deg. of Freedom: 8
Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >=x2
Calculated Value: 0.9682 Calculated Value: 1.899 Alternate: x1 <x2
Critical Value: <=0.842 Critical Value: >=1.860
Normally Variances Degrees of Freedom: 5
Distributed: Yes Homogeneous: No Experimental Alpha Level: 0.05
Calculated Value: 0.8974
Override Option: N/A Critical Value: >=2.015
Accept Null Hypothesis: Yes
Power:
Min. Difference for Power:
Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference  Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals  Residuals Ranks Rankits Residuals
1 0.459 0.164 0.482 0.171 0.053 0.087 -0.096
2 0.783 0.251 0.452 0.162 0.034 0.096 -0.087
3 0.814 0.259 1.057 0.313 0.042 0.055 -0.053
4 0.555 0.192 0.83 0.262 0.025 0.004 -0.025
5 0.66 0.22 1.408 0.382 0.003 0.124 0.003
6 0.004
7 0.034
8 0.042
9 0.055
10 0.124






Project Name:

Lower Duwamish / AOC4: Neanthes Growth

Sample: x1 Ref Samp: x2
Samp ID: SS682 Ref ID: CARR32-REF
Alias: Alias:
Replicates: 5 Replicates: 5
Mean: 0.686 Mean: 0.846
SD: 0.144 SD: 0.403
Tr Mean: 0.226 Tr Mean: 0.258
Trans SD: 0.036 Trans SD: 0.094
Shapiro-Wilk Results: Levene's Results: Test Results:
Residual Mean: 0 Test Residual Mean: 0.025 Statistic: Approximate t
Residual SD: 0.046 Test Residual SD: 0.023 Balanced Design: Yes
SS: 0.04 Ref. Residual Mean: 0.073 Transformation: Logl10 (x + 1.0)
K: 5 Ref. Residual SD: 0.046
b: 0.197 Deg. of Freedom: 8
Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >=x2
Calculated Value: 0.9606 Calculated Value: 2.1272 Alternate: x1 <x2
Critical Value: <=0.842 Critical Value: >=1.860
Normally Variances Degrees of Freedom: 5
Distributed: Yes Homogeneous: No Experimental Alpha Level: 0.05
Calculated Value: 0.7201
Override Option: N/A Critical Value: >=2.015
Accept Null Hypothesis: Yes
Power:
Min. Difference for Power:
Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference  Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals  Residuals Ranks Rankits Residuals
1 0.661 0.22 0.482 0.171 0.005 0.087 -0.096
2 0.924 0.284 0.452 0.162 0.059 0.096 -0.087
3 0.556 0.192 1.057 0.313 0.034 0.055 -0.034
4 0.594 0.202 0.83 0.262 0.023 0.004 -0.023
5 0.696 0.229 1.408 0.382 0.004 0.124 -0.005
6 0.004
7 0.004
8 0.055
9 0.059
10 0.124






2.3 Neanthes arenaceodentata Reference Toxicant Test Results






































































3. Mytilus galloprovincialis Water-Column Test





3.1 Mytilus galloprovincialis Test Data






Version T.4

Client

Project

Project Number

Project Manager

Date Sample Collected (Oldest Sample)
Sample Holding Time

Test Start Date

Test End Date

Test Species

Organism Supplier

Date Organism Acquired
Organism Acclimation Time (Days)
Organism Batch

Test Type

Test Protocol

Regional Protocol
Laboratory Location

Test Location

Sample Treatment

UV Light Treatment
Resuspension

Aeration from test initiation
Control Sediment Source (if applicable)
Water Batch

Test Lighting

Test Chamber

Replicates Per Treatment
Exposure Volume

Test Dissolved Oxygen

Test Temperature

Test Salinity

Test pH

9/29/2021 Duwamish Larval PSEP T.4 Setup

GENERAL

Anchor/Windward

Lower Duwamish / AOC4

PG1541

M. Knowlen

7/13/2021

51

09/02/21

09/04/21

Mytilus galloprovincialis

Taylor Shellfish

9/1/2021

1

TS090121

Larval Development

PSEP 1995

SCUM 2019

Port Gamble

Bath 4

None

No

Yes

No

Eoh sand

FSW090121.01

14:10 L:D

26 mL shell vials

5

18g sediment/900 mL seawater

>6

28+1

8.25+0.75

Note: input lowest and highest
decimal for temp

Test Parameters

Min Max
DO: 6
Temp: 14.5 17.4
Sal: 27 29
pH: 7.5 9
TEST START TIME: 17:13
TEST END TIME: 15:48
CLIENT SAMPLE ID  LAB ID
Control 1|  Seawater Control FSW090121.02
Control 2 (if used) Sand Control P210803.02
3| Carr32Ref P210728.02
4 1T682 P210830.02
5 55682 P210830.03
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
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96 Hour Larval Test

CLIENT PROJECT JOB NUMBER |PROJECT MANAGER LABORATORY PROTOCOL
Anchor/Windward Lower Duwamish / AOC4 PG1541 M. Knowlen Port Gamble , Bath 4 [PSEP 1995, SCUM 2019
TEST ORGANISM SPAWNING DATA
SPECIES TEST START DATE SEDIMENT TREATMENT
Mytilus galloprovincialis 2-Sep-21 None
SUPPLIER ORGANISM BATCH TEST CHAMBERS
Taylor Shellfish TS090121 26 mL shell vials
SPAWNING METHOD INITIAL SPAWNING TIME |FINAL SPAWNING TIME EXPOSURE VOLUME
Heat Shock 1330 1545 18g sediment/900 mL seawater
MALES FEMALES SPERM VIABILITY EGG CONDITION TIME OF SHAKE INITIALS
5 5 Good Good 1121 NL/SH
BEGIN FERTILIZATION (END FERTILIZATION CONDITION OF EMBRYOS TIME OF INITIATION INITIALS
1600 1713|Good 17:13 JL/MS
ROSE BENGAL LOT # FORMALIN LOT #
5135(200924-20
SPECIAL CONDITIONS
UV LIGHT EXPOSURE (YES/NO) AERATION FROM TEST INITIATION (YES/NO)
No No
RESUSPENSION (YES/NO) OTHER (EXPLAIN)
Yes

EMBRYO DENSITY CALCULATIONS

No. of embryos in 1 mL of 100x diluted stock

62

mL of original embryo stock added to each test chamber

4.35
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96 Hour Larval Test WQ Data Sheet

CLIENT PROIECT SPECIES LOCATION PROTOCOL
Anchor/Windward Lower Duwamish / AOC4 Mytilus galloprovincialis Port Gamble / Bath 4 PSEP 1995, SCUM 2019
PROJECT MANAGER TEST TYPE Proiect Number TEST START DATE TIME TEST END DATE TIME INITIALS
M. Knowlen Larval Development PG1541 September 2, 2021 17:13 September 4, 2021 15:48 NL
WATER QUALITY DATA
DO (mg/L) TEMP (°C) SALINITY (ppt) pH
SAMPLE ID DAY REP JAR # TECHNICIAN Date Meter >6 15-17 27-29 7.5-9 Notes
Seawater Control 0 Surr 29 MS/IP 09/02/21 8 7.7 16.9 28 7.9
Seawater Control 1 Surr 29 MS 09/03/21 8 7.5 15.5 27 8.0 Aerated test due to low DO. MS 9/3
Seawater Control 2 Surr 29 NL 09/04/21 9 8.0 15.2 28 8.0
Seawater Control 3 Surr 29
Seawater Control 4 Surr 29
Sand Control 0 Surr 16 MS/IP 09/02/21 8 7.4 17.4 28 8.0
Sand Control 1 Surr 16 MS 09/03/21 8 7.6 15.4 27 7.9 Aerated test due to low DO. MS 9/3
Sand Control 2 Surr 16 NL 09/04/21 9 8.3 15.0 28 8.0
Sand Control 3 Surr 16
Sand Control 4 Surr 16
Carr32 Ref 0 Surr 25 MS/IP 09/02/21 8 7.1 17.2 28 8.0
Carr32 Ref 1 Surr 25 MS 09/03/21 8 6.3 15.7 27 7.9 Aerated test due to low DO. MS 9/3
Carr32 Ref 2 Surr 25 NL 09/04/21 9 7.8 15.4 28 8.0
Carr32 Ref 3 Surr 25
Carr32 Ref 4 Surr 25
IT682 0 Surr 19 MS/IP 09/02/21 8 6.6 17.1 27 7.9
IT682 1 Surr 19 MS 09/03/21 8 6.0 15.3 27 7.8 Aerated test due to low DO. MS 9/3
IT682 2 Surr 19 NL 09/04/21 9 8.3 14.8 28 8.0
IT682 3 Surr 19
IT682 4 Surr 19
S$S682 0 Surr 30 MS/IP 09/02/21 8 6.6 17.2 28 7.8
SS682 1 Surr 30 MS 09/03/21 8 5.7 15.8 27 7.8 Aerated test due to low DO. MS 9/3
55682 2 Surr 30 NL 09/04/21 9 8.3 14.8 28 8.0
$5682 3 Surr 30
$5682 4 Surr 30
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96 Hour Larval Test Summary

CLIENT PROIECT PROIECT NUMBER
Anchor/Windward Lower Duwamish / AOC4 PG1541
PROJECT MANAGER TEST TYPE SPECIES
M. Knowlen Larval Development Mytilus galloprovincialis
LARVAL ENDPOINT DATA
Sample ID Rep # Normal # Abnormal | Total Date Tech Comments/ QA Counts
Stocking Density 1 286 09/08/21 MK
Stocking Density 2 292 09/08/21 MK
Stocking Density 3 294 09/08/21 MK
Stocking Density 4 297 09/08/21 MK
Stocking Density 5 283 09/08/21 MK
Seawater Control 1 198 57 255 09/08/21 MK
Seawater Control 2 201 67 268 09/08/21 MK
Seawater Control 3 219 51 270 09/08/21 MK
Seawater Control 4 210 58 268 09/08/21 MK
Seawater Control 5 186 65 251 09/08/21 MK
Sand Control 1 208 31 239 09/08/21 MK
Sand Control 2 197 39 236 09/08/21 MK
Sand Control 3 216 44 260 09/08/21 MK
Sand Control 4 214 44 258 09/08/21 MK
Sand Control 5 189 41 230 09/08/21 MK
Carr32 Ref 1 173 39 212 09/08/21 MK
Carr32 Ref 2 170 29 199 09/08/21 MK
Carr32 Ref 3 164 22 186 09/08/21 MK
Carr32 Ref 4 184 26 210 09/08/21 MK
Carr32 Ref 5 161 29 190 09/08/21 MK
IT682 1 162 34 196 09/10/21 MK
IT682 2 169 27 196 09/10/21 MK
IT682 3 162 37 199 09/10/21 MK
IT682 4 175 40 215 09/10/21 MK
IT682 5 180 44 224 09/10/21 MK
$5682 1 120 26 146 09/10/21 MK
$5682 2 140 33 173 09/10/21 MK
$5682 3 143 34 177 09/10/21 MK
$5682 4 132 21 153 09/10/21 MK
$5682 5 128 26 154 09/10/21 MK
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96 Hour Larval Test Summary

CLIENT PROIJECT

Anchor/Windward Lower Duwamish / AOC4

PROJECT MANAGER TEST TYPE

M. Knowlen Larval Development
LARVAL ENDPOINT DATA

Average

Control

Normal
Survival (Nc/l)

Sample ID Rep Normal |Abnormal Mean # Normal

Stocking Density

Stocking Density

Stocking Density

Stocking Density

Stocking Density

Seawater Control

Seawater Control

Seawater Control

Seawater Control

Seawater Control

Sand Control

Sand Control

Sand Control

Sand Control

Sand Control

Carr32 Ref

Carr32 Ref

Carr32 Ref

Carr32 Ref

Carr32 Ref

1T682

1T682

1T682

1T682

1T682

SS682

NlRr|lUO]lP|lwWINN]|IRPR|lO]lRPIWIN]IRPR|UO]P|IWIN]IRPR|UO]PIWIN]RP|O]D|IW]IN |-

$S682
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96 Hour Larval Test Summary

CLIENT PROJECT
Anchor/Windward Lower Duwamish / AOC4
PROJECT MANAGER TEST TYPE
M. Knowlen Larval Development
LARVAL ENDPOINT DATA
Average
Control
Sample ID Rep Normal |Abnormal Total Mean # Normal sD
Normal
Survival (Nc/l)
SS682 3 143 34 177
$5682 4 132 21 153
$5682 5 128 26 154 132.6 9.3
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96 Hour Larval Test Day 0 Ammonia

CLIENT PROJECT PROJECT NUMBER SPECIES
Anchor/Windward Lower Duwamish / AOC4 PG1541 Mytilus galloprovincialis
Calibration Standards Temperature: 20.4|Date: 9/2/2021 ITech: NL
NH; sample temperature should be within +/- 1°C of standard temp at time and date of analysis
vieasurea Laicuiatea
Total Sulfide Total
NH 3 Dissolved Sample Dissolved Test Undissociated
Overlying/ Total NH; sample waq/Temp Sulfide Volume Sulfide Sulfide salinity Test temp Unionized Sulfide
Sample Day Porewater (mg/L) temp Meter (ug/LasS) (ml) Multiplier  (ug/Las S) (ppt) Test pH (9} Temp (K) pKa® NH ; (mg/L) | H,S pKa* (ug/LasH,S)
Sourced Sourced Record Record Record Record Record Record Calculated [ Sourced Sourced Sourced | Calculated | Calcul C: i C; i C; i Notes
Seawater Control 0 Overlying 0.109 19.4 T17/10 ND 10 1 ND 28 7.9 16.9 290.05 9.26 0.003 6.65 ND
Sand Control 0 Overlying 0 19.4 T17/10 ND 10 1 ND 28 8.0 17.4 290.55 9.26 0.000 6.64 ND
Carr32 Ref 0 Overlying 0 19.5 T17/10 2 10 1 2 28 8.0 17.2 290.35 9.26 0.000 6.64 0.117
IT682 0 Overlying 0 19.7 T17/10 3 10 1 3 27 7.9 17.1 290.25 9.26 0.000 6.65 0.219
55682 0 Overlying 0.0849 19.7 T17/10 0 10 1 0 28 7.8 17.2 290.35 9.26 0.002 6.64 0.000
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96 Hour Larval Test Day 2 Ammonia

CLIENT PROJECT PROJECT NUMBER SPECIES
Anchor/Windward Lower Duwamish / AOC4 PG1541 Mytilus galloprovincialis
Calibration Standards Temperature: 20.4|Date: 9/4/2021 ITech: i
NH; sample temperature should be within +/- 1°C of standard temp at time and date of analysis
vieasurea Laicuiatea
Total Sulfide Total
NH 3 Dissolved Sample Dissolved Test Undissociated
Overlying/ Total NH; sample waq/Temp Sulfide Volume Sulfide Sulfide salinity Test temp Unionized Sulfide
Sample Day Porewater (mg/L) temp Meter (ug/LasS) (ml) Multiplier  (ug/Las S) (ppt) Test pH (9} Temp (K) pKa® NH ; (mg/L) | H,SpKa* (ug/LasH,S)
Sourced Sourced Record Record Record Record Record Record Calculated [ Sourced Sourced Sourced | Calculated | Calculated | Calculated | Calculated Calculated Notes
Seawater Control 2 Overlying 0.00 19.4 T17 ND 10 1 ND 28 8.0 15.2 288.35 9.26 0.000 6.68 ND
Sand Control 2 Overlying 0.00 19.4 T17 8 10 1 8 28 8.0 15.0 288.15 9.26 0.000 6.68 0.505
Carr32 Ref 2 Overlying 0.00 19.4 T17 3 10 1 3 28 8.0 15.4 288.55 9.26 0.000 6.67 0.187
IT682 2 Overlying 0.00 19.4 T17 2 10 1 2 28 8.0 14.8 287.95 9.26 0.000 6.68 0.127
55682 2 Overlying 0.00 19.4 T17 ND 10 1 ND 28 8.0 14.8 287.95 9.26 0.000 6.68 ND
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3.2 Mytilus galloprovincialis Statistical Results






Project Name:

Duwamish AOC4: Sediment Larval

Sample: x1 Ref Samp: x2
Samp ID: 17682 Ref ID: CARR32-REF
Alias: Alias:
Replicates: 5 Replicates: 5
Mean: 169.6 Mean: 170.4
SD: 7.956 SD: 8.961
Tr Mean: 169.6 Tr Mean: 170.4
Trans SD: 7.956 Trans SD: 8.961
Shapiro-Wilk Results: Levene's Results: Test Results:
Residual Mean: 0 Test Residual Mean: 6.32 Statistic: Student's t
Residual SD: 5.498 Test Residual SD: 3.657 Balanced Design: Yes
SS: 574.4 Ref. Residual Mean: 6.48 Transformation: No Transformation
K: 5 Ref. Residual SD: 5.274
b: 23.016 Deg. of Freedom: 8
Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >=x2
Calculated Value: 0.9223 Calculated Value: 0.0557 Alternate: x1 < x2
Critical Value: <=0.842 Critical Value: >=1.860
Normally Variances Degrees of Freedom: 8
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.1
Calculated Value: 0.1493
Override Option: N/A Critical Value: >=1.397
Accept Null Hypothesis: Yes
Power:
Min. Difference for Power:
Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference  Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals
1 162 162 173 173 7.6 2.6 94
2 169 169 170 170 0.6 0.4 -7.6
3 162 162 164 164 7.6 6.4 -7.6
4 175 175 184 184 5.4 13.6 -6.4
5 180 180 161 161 10.4 9.4 -0.6
6 -0.4
7 2.6
8 5.4
9 10.4
10 13.6






Project Name:

Duwamish AOC4: Sediment Larval

Sample: x1 Ref Samp: x2
Samp ID: SS682 Ref ID: CARR32-REF
Alias: Alias:
Replicates: 5 Replicates: 5
Mean: 132.6 Mean: 170.4
SD: 9.263 SD: 8.961
Tr Mean: 132.6 Tr Mean: 170.4
Trans SD: 9.263 Trans SD: 8.961
Shapiro-Wilk Results: Levene's Results: Test Results:
Residual Mean: 0 Test Residual Mean: 7.12 Statistic: Student's t
Residual SD: 5.913 Test Residual SD: 4.736 Balanced Design: Yes
SS: 664.4 Ref. Residual Mean: 6.48 Transformation: No Transformation
K: 5 Ref. Residual SD: 5.274
b: 25.396 Deg. of Freedom: 8
Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >=x2
Calculated Value: 0.9708 Calculated Value: 0.2019 Alternate: x1 < x2
Critical Value: <=0.842 Critical Value: >=1.860
Normally Variances Degrees of Freedom: 8
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.1
Calculated Value: 6.5583
Override Option: N/A Critical Value: >=1.397
Accept Null Hypothesis: No
Power:
Min. Difference for Power:
Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference  Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals
1 120 120 173 173 12.6 2.6 -12.6
2 140 140 170 170 7.4 0.4 -9.4
3 143 143 164 164 10.4 6.4 -6.4
4 132 132 184 184 0.6 13.6 -4.6
5 128 128 161 161 4.6 9.4 -0.6
6 -0.4
7 2.6
8 7.4
9 10.4
10 13.6






3.3 Mytilus galloprovincialis Reference Toxicant Test Results

































































APPENDIX B. CHAIN-OF-CUSTODY FORMS, LOGS, AND PRE-TEST
DOCUMENTS














































CLIENT PROJECT SPECIES
Anchor Lower Duwarish AGC
Calibration Standards Temperature: 20.7 Date: 8/31/2021 |Tech: I
NH; sample temperature should be within +/- 1°C of standard temp at time and date of analysis
Measured Caiculated
Total Sulfide Total
NH 3 Dissolved ~ Sample Dissolved ~ Porewater Projected Unionized Undissociated
Overlying/ TotalNH;  sample  WQ/Temp Sulfide (ug/L  Volume Sulfide  Sulfide (ug/L  salinity test temp NH; Sulfide
Sample Material Porewater (mg/L) temp Meter as$) (ml) Multiplier as$) (ppt) Porewater pH (9} Temp (K) | NH; pka® (mg/L) |H,Spka* (ug/LasH,S)
Record Record Record Record Record Record Record Calculated Record Record Record | Calculated | Calculated | Calculated | Calculated [ Calculated Notes
55682 Bulk Porewater 15.9 20.9 9 0 10 1.0 0 21 7.2 20.0 293.15 9.25 0.097 6.62 0.000
1IT682 Bulk Porewater 8.52 204 9 1 10 1.0 1 11 7.2 20.0 293.15 9.25 0.052 6.69 0.304






T1

CLIENT PROJECT SPECIES
Anchor Lower Duwamish Mytilus galloprovincialis
Calibration Standards Temperature: - Date: 8/31/2021 [rech: MK
NH; sample temperature should be within +/- 1°C of standard temp at time and date of analysis
Measured Calculated
Total Sulfide Total
NH 3 Dissolved Sample Dissolved Actual Projected Projected L Undi iated
Overlying/ TotalNH;  Sample ~WQ/Temp Sulfide (ug/L Volume Sulfide  Sulfide (ug/L  Salinity Salinity Test Temp NH Sulfide
Sample Material Porewater (mg/L) Temp Meter ass) (ml) Multiplier as S) (ppt) (ppt) Actual pH (c) Temp (K) |NH; pka® (mg/L) |H,SpKa* (ug/LasH,S)
Record Record Record Record Record Record Record | Calculated Record Record Record Record | Calculated | Calculated | Calculated | Calculated| Calculated Notes
Mock test to determine if test
1T682 Mock Overlying NM NM 9 NM NM NM NM 30 28 7.5 16.0 289.15 9.26 NM NM salinity & pH would be in range.
6.66 MK
Mock Overlying 28 273.15
Mock Overlying 28 273.15
Mock Overlying 28 273.15
Mock Overlying 28 273.15
Mock Overlying 28 273.15
Mock Overlying 28 273.15
Mock Overlying 28 273.15
Mock Overlying 28 273.15
Mock Overlying 28 273.15
Mock Overlying 28 273.15
Mock Overlying 28 273.15
Mock Overlying 28 273.15
Mock Overlying 28 273.15
Mock Overlying 28 273.15
Mock Overlying 28 273.15
Mock Overlying 28 273.15
Mock Overlying 28 273.15
Mock Overlying 28 273.15
Mock Overlying 28 273.15
Mock Overlying 28 273.15
Mock Overlying 28 273.15
Mock Overlying 28 273.15
Mock Overlying 28 273.15
Mock Overlying 28 273.15
Mock Overlying 28 273.15
Mock Overlying 28 273.15
Mock Overlying 28 273.15
Mock Overlying 28 273.15
Mock Overlying 28 273.15
Mock Overlying 28 273.15
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King County
Department of Natural Resources and Parks
Water and Land Resources Division

Environmental Laboratory

322 W. Ewing Street

Seattle, WA 98119-1507
206-684-2300 Fax 206-694-2395
TTY Relay: 711

September 15, 2021

TO: Debra Williston, King County Wastewater Treatment Division
FROM: Erin McCabe
CC: Amara Vandervort, Windward Environmental

SUBJECT: Report for Project 423589-360-1, LDW Sediments for TOC analysis, Collected July 7,
2021

The attached report is for the sediment samples delivered to the laboratory on July 27, 2021. The
samples were analyzed in the Conventionals units of the laboratory. QA/QC data summaries are
included for your information.

Conventionals

Samples were analyzed for total organic carbon (TOC) using method SW846 9060, PSEP96. The data
have passed all internal QA/QC checks for accuracy and completeness and may be used without
qualification with the following exceptions:

The sample results were qualified in LIMS with "H" to indicate that the KCEL QA policy 14-day non-
frozen holding time was exceeded for these samples.

Samples were collected on July 7 and received to KCEL on July 27, 2021. The samples were stored
unfrozen at 6°C during that time. KCEL's analysis holding time for solid-matrix TOC samples is 14
days at 4°C or 6 months when frozen at -20°C.

The project QAPP, which was reviewed and approved by EPA QA Officer, pertaining to these samples
has differing sample storage and analysis criteria. According to those criteria, the solid-matrix TOC
analysis holding time is 28 days at 6°C. Samples L77445-4 and -5 were analyzed on August 5, 2021, 1
day past the QAPP-required 28-day holding time.

Per the project QAPP, samples L77445-1, -2, -3, -3LD (WG177043-4) and -3MS (WG177043-6) were
analyzed within the 28-day holding time. However, samples L77445-4 and -5 were analyzed one day
past the 28-day holding time.

The project QAPP also specifies that these samples be analyzed using = 250 mg of mass. Because of
the high level of carbon present in these samples, samples L77445-1, -2, -3, -3LD (WG177043-4) and -
3MS (WG177043-6) were analyzed with < 250 mg of sample. This was necessary in order to obtain





reportable results within the linear range of the instrument. Samples L77445-4 and -5 had lower levels
of carbon and were analyzed using approximately 250 mg of mass.

If you have any questions or need additional information, please call me at 206-477-7205.

£ MGk

Erin McCabe

Laboratory Project Manager/Water Quality Planner IlI
King County Environmental Lab

206.477.7205





King County Environmental Lab Analytical Report

Project: 423589-360-1 Project: 423589-360-1 Project: 423589-360-1

Locator: NONE Locator: NONE Locator: NONE

Descrip: UNKNOWN LOCATOR Descrip: UNKNOWN LOCATOR Descrip: UNKNOWN LOCATOR

Sample: L77445-1 Sample: L77445-2 Sample: L77445-3

Matrix: SF SALTWTRSED Matrix: SF SALTWTRSED Matrix: SF SALTWTRSED

ColDate: 7/7/21 14:51 ColDate: 7/7/121 15:40 ColDate: 7/7/21 16:20

ClientLoc: LDW21-IT615A ClientLoc: LDW21-IT617A ClientLoc: LDW21-IT618A

WET Weight Basis ET Weight Basis ET Weight Basis
Parameters Value Qual MDL RDL Units| Value Qual MDL RDL Units Value Qual MDL RDL Units
CV SW846 9060 PSEP96
Total Organic Carbon 116000 H 1380 1380 mg/Kg| 72100 H 645 645 mg/Kg" 57900 H 556 556 mg/Kg"
ES NONE
Client Locator LDW21-IT615A none|[LDW21-IT617A none|[LDW21-IT618A nonej|
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King County Environmental Lab Analytical Report

Project: 423589-360-1 Project: 423589-360-1

Locator: NONE Locator: NONE

Descrip: UNKNOWN LOCATOR Descrip: UNKNOWN LOCATOR

Sample: L77445-4 Sample: L77445-5

Matrix: SF SALTWTRSED Matrix: SF SALTWTRSED

ColDate: 7/7/21 17:02 ColDate: 7/7/21 18:32

ClientLoc: LDW21-IT624A ClientLoc: LDW21-IT626A

WET Weight Basis ET Weight Basis
Parameters Value Qual MDL RDL Units| Value Qual MDL RDL Units
CV SW846 9060 PSEP96
Total Organic Carbon 2780 H 396 396 mg/Kg 1220 H 396 396 mg/Kg"
ES NONE
Client Locator LDW21-IT624A none|[LDW21-IT626A none]|

9/15/2021 \\kc.kingcounty.IcANDNRP\LAB\Common\LPM Reports\WTD - Capital (423xxx)\LDWG Projects_East Waterway\LDW Sediments 423589-360-1\77445 July 7, 2021 TOC\L77445_COMP Page 2 of 2





Login: P77445

Project: 423589-360-1

LDW Sediment TC:
CHAIN OF CUSTODY L.PM:
Relinquished by Date Time

N

" 270)

Time ;{ L’{éj’

%pyp@ﬂugy&bfs [Allj
Sample Number P77445-1 P77445-2 P77445-3
QC Link
L.ocator NONE NONE NONE
Short Loc Desc UNKNOWNLOC UNKNOWNLOC UNKNOWNLOC
Locator Desc UNKNOWN LOCATOR UNKNOWN LOCATOR UNKNOWN LOCATOR
Site NONE TNONE NONE
Camments
Start Date/Time
End Date/Time
Fime Span
Sample Depth
CLIENT LOC
Dept, Matrix, Prod
3 SF TOC-QL 3 SF TOC-QL 3 SF TOC-QL

{1/2)






l.ogin: P77445 LDW Sediment TC:
Project: 423589-360-1 LPM:
Sample Number P774454 P77445-5

QC Link

Locator NONE NONE

Short Loc Desc UNKNOWNLOC UNKNOWNLOC

Locator Desc

UNKNOWN LOCATOR

UNKNOWN LOCATOR

Site

NONE

NONE

Comments

Start Date/Time

. End Date/Time

Time Span

Sample Depth

CLIENT LOC

Dept, Matrix, Prod

3 SF TOC-QL

38FTOC-QL

{2/2)
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King County Environmental Laboratory Batch Report

WG177043 Total Organic Carbon

Sample
L77445-1
L77445-2
L77445-3
L77445-4
L77445-5
WG177043-1
WG177043-2
WG177043-3
WG177043-4
WG177043-6

WG177043-7

Project
423589-360-1
423589-360-1
423589-360-1
423589-360-1
423589-360-1
MB

SB

LCS

LD

MS

LCS

77445_57552_BATCH

Project Description

LDW Sediment

LDW Sediment

LDW Sediment

LDW Sediment

LDW Sediment

List Type

CVTOC-QL
CVTOC-QL
CVTOC-QL
CVTOC-QL
CVTOC-QL
CVTOC-QL
CVTOC-QL
CVTOC-QL
CVTOC-QL
CVTOC-QL

CVTOC-QL

Matrix

SALTWTRSED

SALTWTRSED

SALTWTRSED

SALTWTRSED

SALTWTRSED

OTHR SOLID

OTHR SOLID

OTHR SOLID

SALTWTRSED

SALTWTRSED

OTHR SOLID

Collect Date

7/7/2021 14:51

7/7/2021 15:40

7/7/2021 16:20

7/7/2021 17:02

7/7/2021 18:32

Prep Date
7/28/2021 12:15
7/28/2021 12:15
7/28/2021 12:15
7/28/2021 12:15
7/28/2021 12:15
7/28/2021 12:15
7/28/2021 12:15
8/4/2021 10:35
7/28/2021 12:15
7/28/2021 12:15

8/5/2021 7:59

LDW Sediments, L77445, July 7, 2021

Anal Date

8/4/2021 11:07

8/4/2021 11:39

8/4/2021 12:12

8/5/2021 11:27

8/5/2021 11:52

8/5/2021 10:31

8/4/2021 10:11

8/4/2021 10:35

8/4/2021 12:53

8/4/2021 13:41

8/5/2021 7:59

QC Association

WG177043-3,-4,-6,-2,-

1,-7

WG177043-3,-4,-6,-2,-

1,-7

WG177043-3,

1,-7

WG177043-3,

1,-7

WG177043-3,

1,-7

WG177043-3,

1,-7

WG177043-3,

1,-7

WG177043-3,

1,-7

WG177043-3,

1,-7

WG177043-3,

1,-7

WG177043-3,

1,-7

-4,

-4,

6,

Comments

MB1 7/28/2021

WG177043-1

LEVEL1

L77445-3

L77445-3

LEVEL1





King County Environmental Laboratory QC Report

Workgroup: WG177043 Total Organic Carbon

MB:WG177043-1 Matrix: OTHR SOLID Listtype:CVTOC-QL Method:SW846 9060 PSEP96 Project: Pkey:STD
(Method Blank)

Parameter MDL RDL Units MB Value Qual

Total Organic Carbon 200 399 mg/Kg <QL

SB:WG177043-2 MB:WG177043-1 Matrix: OTHR SOLID Listtype:CVTOC-QL Method:SW846 9060 PSEP96 Project: Pkey:STD
(Spike Blank, Method Blank)

Parameter MDL RDL Units MB Value True Value SB Value % Rec. Qual Lab Limit
Total Organic Carbon 200 399 mg/Kg <QL  29932.65 29700 99 80--120

LCS:WG177043-3 Matrix: OTHR SOLID Listtype:CVTOC-QL Method:SW846 9060 PSEP96 Project: Pkey:STD
(Lab Control Sample)

Parameter MDL RDL Units True Value LCS Value % Rec. Qual Lab Limit
Total Organic Carbon 1420 1420 mg/Kg 44000 48500 110 80--120

LD:WG177043-4 L77445-3 Matrix: SALTWTRSED Listtype:CVTOC-QL Method:SW846 9060 PSEP96 Project:423589-360-1 Pkey:SED
(Lab Duplicate)

SAMP
Parameter MDL RDL Units Value LD Value RPD Qual Lab Limit
Total Organic Carbon 556 556 mg/Kg 57900 67000 15 0--25

MS:WG177043-6 L77445-3 Matrix: SALTWTRSED Listtype:CVTOC-QL Method:SW846 9060 PSEP96 Project:423589-360-1 Pkey:SED
(Matrix Spike)

SAMP
Parameter MDL RDL Units Value True Value MS Value % Rec. Qual Lab Limit
Total Organic Carbon 556 556 mg/Kg 57900 58417.26 115000 99 70--130

LCS:WG177043-7 Matrix: OTHR SOLID Listtype:CVTOC-QL Method:SW846 9060 PSEP96 Project: Pkey:STD
(Lab Control Sample)

Parameter MDL RDL Units True Value LCS Value % Rec. Qual Lab Limit
Total Organic Carbon 9610 9610 mg/Kg 44000 42600 97 80--120

If the following parameters are reported, values in the RPD column are actually Absolute Differences:
pH, Field
Salinity, Field
Sample Depth
Sample Temperature, Field

77445_57552_QC

LDW Sediments, L77445, July 7, 2021





Conventionals Data Anomaly Form

Date(s) Occurred: 7/27/2021

WG #(s): WG177043

[_] All samples in WKGP(s)  or [ | Sample #(s): L77445-1, -2, -3, -3 LD (WG177043-4), -3 MS
(WG177043-6), -4 & -5

Project #(s): 423589-360-1

Matrix: |:| Liquid |Z Solid |:| Air |:| Tissue |:| Calibration |:| Other:

I.

II.

Analysis

[ ] Anions:

[_] Chlorophylls:

[] Cyanides:

X] Demands: Total Organic Carbon
[ ] Nutrients:

[ ] Particle Size Distribution:
[] Physicals:

[ ] Solids:

[ ] Subcontract:

[ ] Sulfide:

[ ] Other:

Instrument

Analytical Balance: [ ] Mettler Toledo XP205 [ ] Ohaus Voyager Pro
[ ] Mettler Toledo AT201

Autoanalyzer: [ ] Astoria2+2 (CONNUTS1) [ ] Astoria2+2 (CONNUTS3)

[ ] Astoria2 (total nutrients system) [ | Astoria2 (cyanide/TKN system)
Autotitrator: [ ] Metrohm Tiamo 855 Autotitrator with integrated 712 Conductometer
Dissolved Oxygen:  [_] Metrohn 888 Titrando [ | YSI 5100 [] Brinkmann Bottletop Buret 25
Fluorometer: [ ] Turner Trilogy
Ton Chromatography: [ ] Metrohm 882
Laser PSD: [ ] Malvern Mastersizer 2000
pH Probe: [ ] Metrohm 736GP [ ] Hach SensION MM340
Salinometer: [ ] Portosal 8410A
Spectrophotometer: || Hitachi U3900 UV/VIS

[_] Hach DR 3900
TOC Analyzer: [ ] Skalar Formacs HT [X] Skalar Primacs SLC [_] OI 1080
Turbidimeter: [ ] Hach 2100AN
Other: [ ] Description:

September 14, 2021
19949 423589 TOC-QL H.DOCX






I11.

IVv.

Type of Sample/Analytical Anomaly
[ ] Values Outside of Control Limits:
! [ ] Initial Calibration 4 [ ]MB Anomaly ! [ ] MS RPD
2 [] Continuing Calibration Checks > [ ] LCS/SRM Recoveries 8 [] Sample/LD RPD
3 [ ]SB Spike Recoveries 6 [] Sample/LD/LT RSD ? [ ] MS Recoveries

1" Holding time exceeded by: 6 days
"' [T] msufficient sample amount.
12 ] mappropriate storage, container or preservation.

|:| Other

Anomaly Description: T7he samples listed above were collected on July 7, 2021 and were
received at KCEL on July 27, 2021. The samples were stored unfrozen at 6°C during that time.
KCEL's analysis holding time for solid-matrix TOC samples is 14 days at 4°C or 6 months when
frozen at -20°C.

The project QAPP pertaining to these samples has differing sample storage and analysis criteria.
According to those criteria, the solid-matrix TOC analysis holding time is 28 days at 6°C. Samples
L77445-4 and -5 were analyzed on August 5, 2021, 1 day past the QAPP-required 28-day holding
time.

Type of Project Anomaly

[ ] SAP/Work Plan specified MDLs not met.

[ ] SAP/Work Plan specified QC frequency or QC type not met.

[ ] SAP/Work Plan specified methodology not used.

[] Sample exceeds regulatory and/or hazardous waste limits.

[ ] Sample data results are unusual or inconsistent with expected results.

X] Other

Anomaly Description: The project QAPP specifies that these samples were to be analyzed
using >250mg of mass. Samples L77445-1, -2, -3, -3LD (WG177043-4) and -3MS (WG177043-
6) were analyzed with <250mg of sample mass because of the high level of carbon present in
these samples, to obtain reportable results within the linear range of the instrument. L77445-4
and -5 had lower levels of carbon and were analyzed using approximately 250mg of mass.

Corrective Action Taken

[ ] Sample(s) re-analyzed [ ] Sample(s) re-prepared and re-analyzed
[ ] Sample(s) reported "AS IS”

X Data qualified with the following flags: H

[ ] Text added:

[ ] Other

Corrective Action Description: Upon receipt at the laboratory, the samples were frozen to
-20° C per KCEL QA policy. Also per KCEL QA policy, the sample results were qualified in
LIMS with "H" to indicate that the KCEL QA policy 14-day non-frozen holding time was
exceeded for these samples.

September 14, 2021
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Per the project QAPP, samples L77445-1, -2, -3, -3LD (WG177043-4) and -3MS (WG177043-
6) were analyzed within the 28-day holding time. However, samples L77445-4 and -5 were
analyzed one day past the 28-day holding time.

VI.  Potential Effects on Data Quality (explanation mandatory): According to KCEL QA policy,
storage of non-frozen solid-matrix TOC samples for longer than 14 days can result in sample
degradation and a corresponding bias to the data. However, the project QAPP requirements
were reviewed and approved by the EPA QA Olfficer who directs the sample requirements for
the project. Therefore, per the project QAPP, only the two samples (L77445-4 and -5) which
were analyzed one day past the 28-day analysis holding time may potentially be affected.
However, any effects to the quality of the data are unknown.

Signatures Signature Dates
Reported by: Debbie Osada Debbie Osada 9/9/2021
Reviewer: Keith Solberg Keith Solberg 9/10/21
Supervisor: Brian Prosch Brian Prosch 9/9/21

QA Officer: Jack Gudeman
(For QA1 only)

cc: LPM: Erin McCabe

September 14, 2021
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