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Executive Summary

This document presents the ecological risk assessment (ERA) for the LOTT Clean
Water Alliance (LOTT) reclaimed water infiltration study (RWIS). The purpose of the
RWIS is to evaluate the use of reclaimed water for groundwater recharge. The ERA
assesses the potential risk posed by residual chemicals (e.g., pharmaceuticals and
chemicals found in household and personal care products) to aquatic-dependent
organisms that utilize nearby streams where groundwater discharges.

The ERA was conducted in accordance with US Environmental Protection Agency
(EPA) guidance. Chemicals of potential ecological concern (COPECs) were initially
identified through a screening-level evaluation. The list of COPECs was refined using
data from a subsequent groundwater fate and transport model, and a final list of five
COPECs was evaluated in detail in the exposure analysis and effects and risk
characterizations. The ERA found that LOTT’s proposed use of reclaimed water for
groundwater recharge does not pose unacceptable risk to aquatic-dependent
organisms that utilize nearby streams where groundwater discharges.

ES.1 PROBLEM FORMULATION

The first phase of the ERA, the problem formulation, was conducted in 2019-2020
(Windward 2020). The problem formulation included a site description for the two
waterbodies of interest (Woodland and McAllister Creeks), selection of receptors of
concern (ROCs), development of a conceptual site model (CSM), identification of
assessment and measurement endpoints, and identification of COPECs.

The primary study area for the RWIS is composed of the Hawks Prairie Ponds and
Recharge Basins in northeast Lacey, Washington. At the study site, Class A reclaimed
water produced by LOTT is conveyed through a series of constructed wetland ponds
into recharge basins, where it is infiltrated through the soil and into groundwater.
From the Hawks Prairie site, groundwater in the shallow aquifer flows to the
southwest toward Woodland Creek. A portion of groundwater migrates from the
shallow aquifer to the sea-level aquifer and flows toward McAllister Creek.

ROCs for Woodland and McAllister Creeks include the general aquatic community
that may be exposed to residual chemicals via direct contact with surface water

(e.g., aquatic plants, invertebrates, fish, and herptiles), as well as fish and
aquatic-dependent wildlife that may feed in Woodland and McAllister Creeks. Belted
kingfisher and northern river otter were selected as ROCs to represent piscivorous
species of birds and mammals, respectively.

The CSM describes pathways through which ecological receptors may be exposed to
residual chemicals and identifies assessment endpoints and risk questions to evaluate
those endpoints. The most significant pathways evaluated in the ERA are direct
exposure to surface water, exposure of fish from bioaccumulation of chemicals in
tissue, and exposure through ingestion of fish tissue containing bioaccumulated
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chemicals. The protection and maintenance of aquatic communities, fish populations,
and aquatic-dependent bird and mammal populations were the ecological assessment
endpoints (EAEs) evaluated. Risk questions and measurement endpoints were
developed for all ROCs based on the complete and significant exposure pathways for
surface water and fish tissue (for addressing risk to both fish and ROCs consuming
fish) identified in the CSM.

Residual chemicals screened included pharmaceuticals; personal care products; and
hormones, organobromine compounds (polybrominated diephenyl ethers [PBDEs],
ethylene dibromide [EDB], and dibromochloropropane [DBCP]), and per- and
polyfluoralkyl substances (PFAS). COPECs were identified by comparing the
maximum concentrations of residual chemicals to conservative screening benchmarks
for water. In addition, each chemical was evaluated for persistence and
bioaccumulation potential based on half-lives and bioaccumulation factors,
respectively. Chemicals were identified as COPECs if concentrations were greater than
the screening benchmarks, or if a chemical was classified as potentially highly
persistent and bioaccumulative.

ES.2 GROUNDWATER MODELING AND COPEC REFINEMENT

A groundwater fate and transport model was developed to estimate concentrations of
COPECs discharging to Woodland and McAllister Creeks over the course of 100 years
of reclaimed water infiltration, beginning from present day (HDR 2021). The model
output was used to refine the list of COPECs identified in the screening evaluation.
For example, chemicals were removed from the list of COPECs if exposure point
concentrations (EPCs) for both creeks were zero or if EPCs were less than the
screening benchmark. Five COPECs were ultimately identified for quantitative risk
evaluation: the surfactant 4-nonylphenol and four perfluoro surfactants (perfluoro-1-
butanesulfonic acid [PFBS], perfluoro-n-hexanoic acid [PFHxA], perfluoro octanoic
acid [PFOA], and perfluoropentanoic acid [PFPeA]). 4-nonylphenol was considered a
surface water COPEC because the screening benchmark for water was exceeded, while
the four PFAS were classified as fish tissue and wildlife COPECs due to high
persistence and bioaccumulation potential.

ES.3 EXPOSURE ANALYSIS

The exposure analysis presents EPCs, which are estimates of the concentrations of
COPECs:s in the creeks to which ROCs are exposed. For each COPEC, a creek-wide
surface water EPC was calculated for each creek based on the maximum mass
discharge (based on the 100-year groundwater fate and transport model projections)
and a dilution factor (to account for the dilution of groundwater with surface water).
Additionally, for the fish tissue and wildlife COPECs, fish tissue EPCs and wildlife
dietary doses were calculated. Fish tissue EPCs were derived from the surface water
EPCs and surface water-to-biota bioaccumulation factors (BAFs), which estimate
chemical uptake into tissue from direct contact with water and dietary intake. Wildlife
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dietary doses were calculated for belted kingfisher and river otter using the surface
water and fish tissue EPCs and species-specific food and water ingestion rates and
body weights.

ES.4 EFFECTS CHARACTERIZATION

The effects characterization establishes toxicity reference values (TRVs), which are
toxicity thresholds below which adverse effects are not expected to occur. TRVs were
derived, when possible, for surface water (for 4-nonylphenol) and fish tissue and
wildlife dietary doses (for the four PEFAS COPECs) using data from the scientific
literature. A freshwater TRV for 4-nonylphenol was derived based on EPA guidelines
for developing chronic ambient water quality criteria (AWQC). The AWQC approach
uses a species sensitivity distribution (SSD) that targets a 5t percentile level of
sensitivity intended to protect 95% of species in the aquatic community. A saltwater
TRV for 4-nonylphenol could not be derived due to data limitations.

Fish tissue and wildlife TRVs were derived from toxicity data found in the scientific
literature. Fish tissue TRVs for PFHxA and PFOA are based on no-observed-effect
concentrations (NOECs) for zebrafish embryo survival and development. No data
were available for PFBS or PFPeA. Bird and mammal dietary dose TRVs for PFBS
(birds and mammals), PFHxA (mammals only), and PFOA (birds and mammals) are
based on lowest-observed-adverse-effect levels (LOAELS) for survival, growth, and/or
reproduction. No data were available for PFPeA.

ES.5 RISK CHARACTERIZATION

In the risk characterization, the EPCs from the exposure analysis and the TRVs from
the effects characterization were used to calculate hazard quotients (HQs). HQs are
used to assess potential for adverse effects. HQs greater than or equal to one indicate
that there is potential for adverse effects on EAEs, and HQs less than one indicate that
the potential for adverse effects causing risk to EAEs is negligible.

For 4-nonylphenol, HQs were calculated by dividing the surface water EPCs for
Woodland and McAllister Creeks by the surface water TRV. For the four PFAS, HQs
were based on fish tissue EPCs and wildlife dietary doses divided by their respective
TRVs. All HQs are less than one (Table ES-1).

Table ES-1. Risk characterization summary

ROC COPEC Maximum HQ?2 Risk Conclusion
Aquatic . 4-nonylphenol 0.00036 no unacceptable risk
community

. Ecological Risk Assessment
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ROC COPEC Maximum HQ?
PFBS no data
_ PFHxXA 0.0000068
Fish
PFOA 0.00000032
PFPeA no data
PFBS 0.000000034
Aquatic- PFHXA no data
dependent
birds PFOA 0.00000017
PFPeA no data
PFBS 0.0000000056
Aquatic- PFHXA 0.000000012
dependent
mammals PFOA 0.0000031
PFPeA no data

a  Maximum for Woodland and McAllister Creeks.
COPEC - chemical of potential ecological concern
HQ — hazard quotient
PFBS — perfluoro-1-butanesulfonic acid
PFHXA — perfluoro-n-hexanoic acid

ES.6 SUMMARY AND CONCLUSIONS

Risk Conclusion

no unacceptable risk

no unacceptable risk

no unacceptable risk

PFOA - perfluoro octanoic acid
PFPeA — perfluoropentanoic acid
ROC - receptor of concern

Based on their very low HQs, the potential for residual chemicals currently present in
reclaimed water infiltrated into groundwater to cause risk to EAEs is negligible.
Uncertainties associated with each component of the risk assessment —including
COPEC selection and quantification, exposure estimation, effects estimation, and risk
characterization —were evaluated and did not change the risk conclusion.

Because the ERA is based on information available at the time of writing and
knowledge related to the fate, transport, and toxicity of residual chemicals is expected
to increase in coming years, the ERA should be periodically updated using the most
current screening and toxicity data. Updates will also be important to account for
future advances in wastewater treatment technology.
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1 Introduction

The LOTT Clean Water Alliance (LOTT) is a public, non-profit entity responsible for
providing wastewater treatment and management for the Cities of Lacey, Olympia,
and Tumwater in northern Thurston County, Washington. To meet the urban area’s
growing demand for wastewater management, LOTT’s long-range plan relies on the
production and beneficial use of reclaimed water, including the infiltration of unused
reclaimed water into groundwater.

LOTT is undertaking a multi-year reclaimed water infiltration study (RWIS) to
address community questions about residual chemicals! that might remain in
reclaimed water. The RWIS is intended to evaluate whether using reclaimed water
that contains traces of residual chemicals for groundwater replenishment poses risk to
people and the environment. One of the RWIS tasks (Task 3) includes conducting an
ecological risk assessment (ERA), which is presented in this report.

The first phase of the ERA was conducted in 2019-2020 and its results are presented in
the problem formulation document (PFD) (Windward 2020). As part of the problem
formulation, a screening-level risk evaluation was conducted using conservative? risk
assumptions to identify residual chemicals of potential ecological concern (COPECs)
that require further risk evaluation. This document presents results of the second
phase of the ERA, in which COPECs were assessed through an exposure analysis and
effects and risk characterizations.

The ERA was conducted using a standard approach in accordance with both national
and regional US Environmental Protection Agency (EPA) guidance (EPA 1997a, b,
1998).

This document is organized into the following sections:
& Section 1 - Introduction
Section 2 - Problem Formulation
Section 3 - Groundwater Modeling Results and COPEC Refinement
Section 4 - Exposure Analysis
Section 5 - Effects Characterization
Section 6 - Risk Characterization

Section 7 - Risk Conclusions and Recommendations

* & 6 6 6 o o

Section 8 - References

1 Residual chemicals include pharmaceutical chemicals and chemicals found in household and personal
care products.

2 The term “conservative” is used throughout the ERA to describe assumptions related to toxicity or
exposure that could contribute to an overestimation of risk expected to occur, with the purpose of
being environmentally protective.
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2 Problem Formulation

This section summarizes the results of the problem formulation phase of the ERA
(Windward 2020). The problem formulation included descriptions of the site,
ecological setting, and conceptual site model (CSM) and identified receptors of
concern (ROCs), assessment endpoints, and COPECs.

2.1 SITE DESCRIPTION AND ECOLOGICAL SETTING

Class A reclaimed water produced by LOTT at the Martin Way Reclaimed Water Plant
(MWRWP) is infiltrated into groundwater at the Hawks Prairie Ponds and Recharge
Basins site (hereinafter referred to as the Hawks prairie site); this site is located north
of Lacey, Washington, between the Woodland Creek and McAllister Creek drainages,
and it is the primary study area for the RWIS. At the Hawks Prairie site, reclaimed
water from MWRWP is conveyed through a series of constructed wetland ponds into
groundwater recharge basins, where it infiltrates through the soil into groundwater
(HDR 2017c).

Groundwater in the shallow aquifer at the Hawks Prairie site flows predominantly to
the southwest, with Woodland Creek being a primary point of discharge (HDR 2017a).
A portion of groundwater migrates from the shallow aquifer to the sea-level aquifer,
which, from the Hawks Prairie site, primarily flows toward McAllister Creek. Because
the Woodland Creek and McAllister Creek watersheds are downgradient of the
Hawks Prairie site, they are the focus of this ERA.

Woodland Creek flows south-to-north for approximately 11 miles through Thurston
County, Washington (Figure 1). The headwaters are composed of a series of water
bodies (Hicks Lake, Pattison Lake, Long Lake, Goose Pond, and Lake Lois) and form
an intermittent stream until the Beatty Springs and College Creek convergence; there,
the waters become a substantial perennial channel flowing northward into Henderson
Inlet. Tributaries that contribute to the streamflow include College (at river mile 2.6),
Eagle, Palm, Fox, Jorgensen, and Quail Creeks. The last mile of Woodland Creek is
tidally influenced by Henderson Inlet.
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McAllister Creek flows south-to-north for approximately 6 miles through northeast
Thurston County, Washington (Figure 2). The creek is fed by a series of springs,
including McAllister, Abbott, and Lodge Springs; numerous small seeps and springs
along its left (west) bank; and drainage from adjacent agricultural fields and
residential areas (Thurston County 1994). The entirety of McAllister Creek flows
through very low-elevation areas, and the creek is tidally influenced all the way to its
source. McAllister Creek discharges to the Puget Sound via a broad estuarine lagoon
located within the Nisqually National Wildlife Refuge.

. Ecological Risk Assessment
Wing/vard, FINAL June 20, 2022

environmental 11



This page intentionally left blank.



Prepared by craigh, 3/18/2020; W:\Projects\LOTT\GIS\Maps and Analyses\7076 McAllister Cr vicinity.mxd

.
-

WO A VE NE

ERITTON opipy e

Tanglewilde

— _Long Lake

HAWES

MERWOOD 08

e, }

Nisqually Reach Natur

e B NI

PR
s
Mg

CEM R A

Hawks Prairie Ponds
& Recharge Basins

wa RE 5

o MARVIN RD-SE

YL

Ty
£,
L Kby Island
Py
i
e 1 o
'.I..
o
I:‘!'F |

SHrH AVE 5E

MERIDIAN RD ME

Springs

siMcAllister
% Springs

Japtsen B

+
3

rayes Al

=
=
o
X
&

Cosgrae Hhit

ffitch Hy

Rt

CERE

" r'\- y |
T

Com munity

IR
b

\'l._'t'l
i

ward

environmental LLC

N

A

0 0.65 1.3

0 0.65 1.3
T Kilometers

Miles

Figure 2. McAllister Creek vicinity map




This page intentionally left blank.



Additional information about Woodland and McAllister Creeks, including habitat and
associated ecological receptors, is presented in the PFD (Windward 2020). Sections of
both creeks were surveyed in 2019 to confirm and supplement available information
on the types of habitats, plants, benthic invertebrates, herptiles, fish, birds, mammals,
and sensitive species potentially present in the two watersheds.

2.2 RECEPTORS OF CONCERN

Because of the great number and variety of species potentially residing in or utilizing
the study areas, not all species were evaluated individually in the risk assessment.
Instead, for aquatic species such as aquatic plants, invertebrates, fish, and herptiles
that are exposed to COPECs via direct contact with water, the aquatic community was
evaluated using aquatic toxicity data available for a variety of species. For birds and
mammals, one receptor from each group was evaluated in the risk assessment: belted
kingfisher and northern river otter were selected as ROCs to represent piscivorous
species of birds and mammals, respectively.

2.3 CONCEPTUAL SITE MODEL

The ecological CSM describes the pathways by which chemicals move from surface
water, tissue, sediment, and groundwater to ecological receptors in Woodland and
McAllister Creeks (Figure 3). The most important exposure pathways for aquatic
organisms are ingestion and direct contact. The CSM is described in more detail in
Section 5 of the PFD (Windward 2020).
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Figure 3. Exposure pathway model for Woodland and McAllister Creeks

2.4 ASSESSMENT ENDPOINTS

The PFD outlined an approach to evaluate risks associated with major exposure
pathways based on the questions and measurement endpoints presented in Table 2-1
(Windward 2020); these questions and endpoints serve as the basis for the evaluations
presented in this document.

Table 2-1. Risk questions for Woodland and McAllister Creeks

Assessment Endpoint

Protection and
maintenance of aquatic
community populations in
Woodland and McAllister
Creeks

Protection and
maintenance of fish
populations in Woodland
and McAllister Creeks

Risk Question

Are modeled concentrations of chemicals in
surface water in Woodland and McAllister Creeks
at levels that might adversely affect the aquatic
community?

For chemicals that bioaccumulate, are modeled
concentrations of chemicals in the tissues of fish
in Woodland and McAllister Creeks at levels that
might adversely affect fish populations?

Measurement Endpoint

comparison of modeled
concentrations in surface water
to water TRVs? for aquatic
species in direct contact with
surface water

comparison of modeled
concentrations in fish tissue to
fish tissue TRVsP
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Assessment Endpoint Risk Question Measurement Endpoint

For chemicals that bioaccumulate, are modeled
concentrations of chemicals in the tissues of prey
consumed by birds and mammals in Woodland
and McAllister Creeks at levels that might
adversely affect aquatic-dependent wildlife
populations?

Protection and
maintenance of aquatic-
dependent wildlife
populations in Woodland
and McAllister Creeks

comparison of calculated
dietary doses for ROCs (i.e.,
belted kingfisher and northern
river otter) to dietary dose
TRVs®

a  Awater TRV is a concentration of a COPEC in water representing a toxicity threshold below which adverse
effects are not expected to occur.

b Atissue TRV is a concentration of a COPEC in tissue representing a toxicity threshold below which adverse
effects are not expected to occur.

¢ Adietary TRV is a dose of a COPEC (i.e., an amount ingested daily on a body weight-normalized basis)
representing a toxicity threshold below which adverse effects are not expected to occur.

COPEC - chemical of potential ecological concern
ROC - receptor of concern
TRV - toxicity reference value

2.5 IDENTIFICATION OF COPECs

Residual chemicals evaluated in the screening evaluation included pharmaceuticals,
personal care products, and hormones, organobromine compounds (polybrominated
diephenyl ethers [PBDEs], ethylene dibromide [EDB], and dibromochloropropane
[DBCP]), and per- and polyfluoralkyl substances (PFAS) (Windward 2020).3 To
identify COPECs for further evaluation in the ERA, the maximum concentration of
each detected residual chemical was compared to a conservative screening-level
benchmark. Each chemical was also evaluated based on its potential to be persistent
and bioaccumulative. Chemicals were considered COPECs for further evaluation if
they were detected in reclaimed water or porewater at concentrations greater than
screening-level benchmarks, or if they were considered to be highly persistent and
bioaccumulative. The list of COPECs is presented in Table 2-2.

Table 2-2. COPECs identified in the screening evaluation

COPEC Chemical Use Category
Identified due to benchmark exceedances
4-nonylphenol surfactant
17-alpha ethinyl estradiol estrogenic hormone
17-beta estradiol estrogenic hormone
Fipronil insecticide
Sucralose sugar substitute
TCPP flame retardant
TDCPP flame retardant
Theobromine alkaloid in chocolate and coffee

3 Some of the residual chemicals evaluated may be associated with degradation products that were not
assessed as part of the RWIS (see Section 6.1.2.2).
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COPEC Chemical Use Category
Identified based on persistence and bioaccumulation potential

Diclofenac anti-inflammatory

Gemfibrozil lipid regulator

Meclofenamic acid anti-inflammatory

PFBA perfluoro surfactant

PFBS perfluoro surfactant

PFHxA perfluoro surfactant

PFNA perfluoro surfactant

PFOA perfluoro surfactant

PFPeA perfluoro surfactant

Triclosan antibacterial

COPEC - chemical of potential ecological concern PFOA — perfluoro octanoic acid
PFBA — perfluoro butanoic acid PFPeA — perfluoropentanoic acid
PFBS — perfluoro-1-butanesulfonic acid TCPP — tris(chloropropyl)phosphate
PFHXA — perfluoro-n-hexanoic acid TDCPP - tris(1,3-dichloro-2-propyl)phosphate

PFENA - perfluoro-n-nonanoic acid
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3 Groundwater Modeling and COPEC Refinement

This section summarizes the groundwater fate and transport modeling work and the
use of modeled data to refine the list of COPECs.

3.1 GROUNDWATER FATE AND TRANSPORT MODELING

Groundwater fate and transport modeling was conducted to estimate concentrations
of COPECs in groundwater at certain distances from the infiltration basins, including
points of discharge to Woodland and McAllister Creeks (HDR 2021). The model
simulated 100 years of reclaimed water infiltration (beginning from present day),
using increasing infiltration rates over time to account for potential future increases in
the rate of groundwater recharge.

Groundwater concentrations at points of discharge to Woodland and McAllister
Creeks were estimated based on a starting reclaimed water concentration that was
modeled to disperse as groundwater moves away from the infiltration basins. The
starting reclaimed water concentration was based on one of the following values:

& 95% upper confidence limit (UCL): used for chemicals with sufficient detections
in reclaimed water to determine a 95% UCL via EPA’s ProUCL Software

¢ Maximum detected value: used for chemicals with at least one detection in
reclaimed water when there were insufficient detections to determine a 95%
UCL

¢ Maximum reporting limit: used for chemicals not detected in reclaimed water
(i-e., chemicals that were determined to be COPECs based on detections in
porewater?)

In addition to dispersion, attenuation (i.e., biodegradation and sorption) was factored
into the model for a subset of COPECs with sufficient field data to determine a
non-dispersion decay constant. Decay constants were derived for sucralose,
tris(1,3-dichloro-2-propyl)phosphate (TDCPP), and triclosan based on chemical
concentrations in groundwater (HDR 2021). A literature-based decay constant was
applied for fipronil, which was not analyzed in groundwater but is known to degrade
in the environment.

The model was used to estimate maximum daily mass loadings of COPECs to
Woodland and McAllister Creeks (i.e., the sum of the maximum mass for all discharge
points for each creek, representing a creek-specific total COPEC mass per day) (HDR
2021). These data were used to calculate creek-wide concentrations of COPECs, which
serve as the basis of the exposure point concentrations (EPCs). EPCs are estimated

4 Porewater data were considered uncertain and were included in the screening-level evaluation to be
conservative. Only reclaimed water data were used in the groundwater fate and transport model.
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concentrations of COPECs that organisms are exposed to in the creeks and serve as the
basis for the exposure analysis presented in Section 4.

3.2 COPEC REFINEMENT

The list of 18 COPECs was refined based on the results from the groundwater fate and
transport model, as follows:

& Modeled EPC equals zero: EPCs for fipronil, sucralose, TDCPP, and triclosan
were zero for both creeks, indicating no groundwater discharge of these
chemicals into surface water due to dispersion and degradation.

& EPC less than screening-level benchmark: EPCs for tris(chloropropyl)phosphate
(TCPP) and theobromine were less than the conservative benchmarks used for
the problem formulation.

& Not detected in off-site groundwater: diclofenac, 17-beta estradiol, 17-alpha
ethinyl estradiol, gemfibrozil, meclofenamic acid, perfluoro butanoic acid
(PFBA), and perfluoro-n-nonanoic acid (PFNA) were not detected in any of the
tested groundwater wells located away from the infiltration basins and
upgradient of Woodland and McAllister Creeks (HDR 2017a). COPECs
detected in reclaimed water but not in off-site groundwater wells were
assumed to attenuate to levels less than detection limits.

With the elimination of these 13 COPECs, 5 COPECs remained for inclusion in the risk
evaluation and risk characterization (Table 3-1). Of the remaining COPECs,
4-nonylphenol (hereinafter identified as the surface water COPEC) was included due
to exceedances of the screening-level water benchmark, and the four PFAS (hereinafter
identified as fish tissue and wildlife COPECs) were included based on persistence and
bioaccumulation potential. For 4-nonylphenol, the risk characterization approach
consisted of a comparison of modeled concentrations in surface water (freshwater and
saltwater) to toxicity reference values (TRVs) representing threshold concentrations
below which adverse effects on the aquatic community are not expected to occur.? For
the fish tissue and wildlife COPECs, the risk characterization approach consisted of
modeling concentrations in fish tissue (for evaluation of fish) and in dietary doses (for
evaluation of wildlife). The modeled concentrations and doses were compared to
TRVs representing threshold concentrations below which adverse effects on fish or
wildlife are not expected to occur.

5 Only a freshwater TRV could be derived (see Section 5).
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Table 3-1. Refined list of COPECs for risk evaluation

COPEC Chemical Description Risk Characterization Approach
Surface water COPEC:
surfactant used in manufacturing (e.g., antioxidants, For the aquatic community,
4-nonylphenol | emulsifiers) and in household products (e.g., detergents); | compare modeled concentrations
toxic to aquatic organisms; estrogenic properties in surface water to TRVs.

Fish tissue and wildlife COPECs:

PEBS For fish receptors, compare
perfluoro surfactants widely used in industries modeled concentrations in fish

PFHxA (e.g., electronics, chrome plating), firefighting foam, and tissue to TRVs.
household products (e.g., textiles, food packaging, carpet,

PFOA non-stick cookware); limited ecotoxicity data; For belted kingfisher and river
bioaccumulative in wildlife otter, compare calculated dietary

PFPeA doses to TRVSs.

COPEC - chemical of potential ecological concern PFOA — perfluoro octanoic acid

PFBS — perfluoro-1-butanesulfonic acid PFPeA — perfluoropentanoic acid

PFHXA — perfluoro-n-hexanoic acid TRV - toxicity reference value

3.3 RECLAIMED WATER TREATMENT SCENARIOS

EPCs used in the ERA are based on LOTT’s current method of reclaimed water
production, which uses membrane bioreactor technology to treat wastewater. Two
additional reclaimed water treatment options were evaluated for potential future use
(in combination with membrane bioreactor technology): reverse osmosis-advanced
oxidation processes (RO-AOP) and ozone-biologically activated carbon filtration-
granular activated carbon (O3-BAC-GAC) filtration. RO-AOP was determined to
remove an additional 90% of 4-nonylphenol and 99% of the four PFAS, and O3-BAC-
GAC was determined to remove 99% of all COPECs (Hansen 2021). EPCs that account
for the use of RO-AOP and O3-BAC-GAC were calculated by HDR (2021); these EPCs
are not used in the ERA.® The two additional treatments are introduced in the ERA for
discussion purposes only.

3.4 GROUNDWATER MODEL AND COPEC REFINEMENT UNCERTAINTY

The uncertainties associated with the groundwater model, as they relate to the ERA,
and the uncertainties of the COPEC refinement procedure are presented in Sections
3.4.1 and 3.4.2, respectively.

3.4.1 Groundwater fate and transport model

The general uncertainties and assumptions of the groundwater model are discussed
by HDR (2021). A model uncertainty of particular importance for the ERA is that
related to the attenuation factors. Non-dispersion decay constants were not used for
4-nonylphenol or PFAS, resulting in potentially high estimates of COPECs discharging

¢ EPCs used in the ERA (those based on LOTT’s current reclaimed water production process) are the
most conservative (i.e., highest) EPCs.
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into Woodland and McAllister Creeks. Not accounting for degradation is a
conservative assumption, even for highly stable chemicals such as PFAS. Based on the
fate and transport model, it is estimated that the times for reclaimed water to travel
from the infiltration basins to Woodland and McAllister Creeks are 46 and 13 years,
respectively.” While degradation rates are not currently available for 4-nonylphenol or
PFAS in groundwater, it is possible that degradation could occur over a period of one
or more decades.

3.4.2 COPEC refinement

Seven chemicals identified as COPECs in the screening-level evaluation were removed
from further consideration because they were not detected in off-site groundwater
wells (Section 3.2). Two of these chemicals (17-beta estradiol and 17-alpha ethinyl
estradiol) were surface water COPECs based on exceedances of screening-level
benchmarks, and five (diclofenac, gemfibrozil, meclofenamic acid, PFBA, and PFNA)
were fish and wildlife COPECs based on persistence and bioaccumulative potential. It
was assumed that these chemicals were not detected because they attenuated to levels
less than detection limits.® In addition, some of these chemicals are known to have
short half-lives in water and may be expected to degrade in surface water and
groundwater, depending on the specific environmental conditions. For example,
under aerobic conditions, 17-beta estradiol and 17-alpha ethinyl estradiol have
half-lives as short as 2 and 81 days, respectively, while there may be little to no decay
under anaerobic conditions (Adeel et al. 2017; Ying et al. 2003).

There is some uncertainty regarding the fipronil EPCs, because fipronil was not
analyzed in groundwater. A literature-based (rather than site-specific) decay rate was
used in the model and applied to the maximum reclaimed water concentration.® Using
a decay rate for fipronil is reasonable, as this chemical is known to biodegrade in
anaerobic water environments (HDR 2021). Fipronil also has a high organic carbon
partitioning coefficient (Koc), indicating a strong sorption/binding affinity, which is
not accounted for in the model. While there is some uncertainty associated with the
decay rate because it is not site-specific, the fipronil EPCs are likely conservative
overall because sorption is not accounted for.

7 It is estimated that reclaimed water introduced at the infiltration basins will first reach Woodland
Creek in 2052, with estimated chemical concentrations reaching their maximum levels in
2080. Reclaimed water is estimated to have already reached McAllister Creek (in 2019), with
maximum chemical concentrations estimated to occur in 2110.

8 Removing non-detected chemicals from further evaluation is consistent with the approach taken for
the screening-level evaluation, in which only detected chemicals were assessed.

? Insufficient data were available to calculate a 95% UCL for fipronil, so the maximum concentration
was used in the model.
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4 Exposure Analysis

This section describes the derivation of 1) EPCs for surface water, 2) EPCs for fish
tissue, and 3) dietary doses for wildlife. The surface water EPCs were derived from the
mass loading data from the groundwater fate and transport model. The fish tissue
EPCs and wildlife dietary doses were modeled from the surface water EPCs. Surface
water EPCs were used in this ERA as follows:

¢ For the surface water COPEC (identified based on exceedance of screening-level
benchmarks in water), surface water EPCs represented exposure of the aquatic
community through direct contact and were compared to surface water TRVs.

o For fish tissue COPECs (identified based on persistence and bioaccumulation
potential), surface water EPCs were used to estimate fish tissue EPCs using
bioaccumulation factors (BAFs). The fish tissue EPCs were compared to fish
tissue TRVs.

+ For wildlife COPECs (identified based on persistence and bioaccumulation
potential), fish tissue EPCs were used as prey EPCs and surface water EPCs
were used to calculate water ingestion EPCs to estimate dietary doses for
aquatic-dependent wildlife. The wildlife dietary doses were then compared to
dietary dose TRVs.

Surface water EPCs are presented in Section 4.1. Sections 4.2 and 4.3 describe how the
surface water EPCs were used to derive fish tissue EPCs and wildlife dietary doses,
respectively.

4.1 SURFACE WATER EPCs

Surface water EPCs account for the dilution of groundwater with surface water and
represent exposure on a creek-wide basis. EPCs were calculated for each COPEC and
creek based on an equation reported by Einarson and Mackay (2001). The calculation
uses the estimated maximum daily mass loading from the groundwater model
(described in Section 3.1) and a conservative creek-specific flowrate, as shown in
Equation 1:

Surface water EPC = mass discharge / flowrate Equation 1
Where:
Surface water EPC = estimated creek-wide concentration (ng/L)

Mass discharge = maximum daily mass loading for each creek during the 100-year
modeling period (ng/day)

Flowrate = estimated water flow for each creek (L/day)
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A flowrate of 489,400 L/day (0.2 cubic feet per second [cfs]) was used for Woodland
Creek. This value is based on low flow at Eagle Creek in 2015 (HDR 2017b); Eagle
Creek is a tributary to Woodland Creek and contains the point of maximum
groundwater discharge to the Woodland Creek system. For McAllister Creek, flow
data are very limited, and most available data are for McAllister Springs, which is well
upstream of the portions of McAllister Creek that receive the most groundwater
discharge. A flowrate of 117,456,000 L/ day (48 cfs) was used for McAllister Creek
based on low flow measured by the US Geological Survey between 1941 and 1949 at
the Steilacoom Road gage station (Ecology 2005). Although dated, this flowrate serves
as a conservative estimate because most groundwater enters McAllister Creek
downstream of Steilacoom Road, where flow is expected to be greater. Mass
discharges and surface water EPCs for Woodland and McAllister Creeks are presented
in Table 4-1.

Table 4-1. Mass discharge and surface water EPCs

Maximum Mass

Discharge EPC

COPEC (ng/day) (ng/L)
Woodland Creek
Surface water COPECs
4-nonylphenol 2,444 850 5.00
Fish tissue and wildlife COPECs
PFBS 17,540 0.0358
PFHXxA 91,707 0.187
PFOA 29,835 0.0610
PFPeA 158,705 0.324
McAllister Creek
Surface water COPECs
4-nonylphenol 11,769,285 0.100
Fish tissue and wildlife COPECs
PFBS 84,438 0.000719
PFHxA 441,469 0.00376
PFOA 143,622 0.00122
PFPeA 763,991 0.00650
COPEC - chemical of potential ecological concern PFHxA — perfluoro-n-hexanoic acid
EPC — exposure point concentration PFOA — perfluoro octanoic acid
PFBS — perfluoro-1-butanesulfonic acid PFPeA — perfluoropentanoic acid

4.2 FISHTISSUE EPCs

Fish tissue EPCs were calculated for the fish tissue and wildlife COPECs (four PFAS)
using the modeled surface water EPCs and surface water-to-biota BAFs. BAFs
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estimate chemical uptake into biota tissue from direct contact with water, as well as
through dietary intake. The BAFs used in this ERA were derived from a study by
Zodrow et al. (2021) that compiled data for field-based BAFs from three recent review
papers (Giesy et al. 2010; Valsecchi et al. 2017; McCarthy et al. 2017). Field data are
preferred to laboratory data because the former provide a measure of uptake from all
exposure routes under conditions that are expected to have reached equilibrium;
laboratory studies, which are relatively short-term, typically address single exposure
routes.

Of the four PFAS COPECs, perfluoro octanoic acid (PFOA) had the most fish BAF field
data available: 16 BAFs from 6 studies covering at least 11 species (Table 4-2). There is
greater uncertainty associated with the BAFs for the other three COPECs, which had
small sample sizes ranging from one to three. The geomean BAF was selected for use
in estimating the fish tissue EPC for each COPEC. Uncertainties associated with the
limited amount of available data and the large range in BAFs are discussed in

Section 6.2.2.1.

Table 4-2. Fish tissue BAFs

BAF (L/kg dw)

COPEC n Minimum Maximum Geomean Available Data Source
PFBS 3 277 6,943 916 3 studies; at least 3
species
2 studies; unknown
PFHxA 2 252 398 317 number of species Zodrow et al.
_ (2021)
PFOA 16 45 15,924 894 6 studies; at least 11
species
PFPeA 1 24,273 24,273 24,273 1 study; 3 species
a  BAFs are based on geomean when more than one datapoint was available
BAF — bioaccumulation factor PFHxA — perfluoro-n-hexanoic acid
COPEC - chemical of potential ecological concern PFOA — perfluoro octanoic acid
dw — dry weight PFPeA — perfluoropentanoic acid

PFBS — perfluoro-1-butanesulfonic acid

Fish tissue EPCs were calculated using Equation 2; results are shown in Table 4-3:

Surface water EPC (ng/L)xBAF (L/kgdw)

Fishtissue EPC (mg [k g dw) = Equation 2

106

Table 4-3. Fish tissue EPCs

EPC (mg/kg dw)
COPEC Woodland Creek @ McAllister Creek

PFBS 0.0000328 0.000000659
PFHXA 0.0000594 0.00000119
PFOA 0.0000545 0.00000109
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EPC (mg/kg dw)
COPEC Woodland Creek @ McAllister Creek

PFPeA 0.00787 0.000158

COPEC - chemical of potential ecological concern PFHxA — perfluoro-n-hexanoic acid
dw — dry weight PFOA — perfluoro octanoic acid
EPC — exposure point concentration PFPeA — perfluoropentanoic acid

PFBS — perfluoro-1-butanesulfonic acid

4.3 WILDLIFE DIETARY DOSES

Dietary exposures to PFAS COPECs for belted kingfisher and river otter were
evaluated by calculating a body weight-normalized daily dose. The components in the
calculation included COPEC concentration in food, food ingestion rate, water
ingestion rate, body weight, and site use factor, as shown in Equation 3:

([FIRXEPC fisp )| +[WIRXEPCy,q¢er+108])

Daily dose = W x SUF Equation 3

Where:

Daily dose = ingested dose (mg/kg bw/day)

FIR = food ingestion rate (kg dry weight [dw] food/day)

WIR = water ingestion rate (L/day)

EPCfish = exposure point concentration in fish (mg/kg dw)

EPCuwater = exposure point concentration in water (ng/L)

BW = body weight (kg)

SUF = site use factor (unitless)

Body weights used in the daily dose calculations were average male and female values
from representative studies cited in EPA’s Wildlife Exposure Factors Handbook (EPA
1993) (Table 4-4). Food ingestion rates were derived from allometric equations
developed by Nagy (2001) relating body weights to ingestion rates for various classes
of birds and mammals. Equations for carnivorous birds and mammals were used for
belted kingfisher and river otter, respectively (Table 4-4). Water ingestion rates were
derived from allometric equations for bird and mammal water intake developed by
Calder and Braun (1983), as cited by EPA (1993). Although belted kingfisher and river
otter may ingest small amounts of sediment incidentally while feeding, sediment data
are not available for inclusion of this ingestion pathway in the daily dose calculations.
The potential effect on the risk evaluation of excluding the sediment ingestion
pathway is addressed in Section 4.4. The site use factor is a unitless value that
represents the fraction of the diet consumed at the site relative to the fractions
consumed in other areas of the receptor’s home range; because this factor is unknown,
a conservative value of 1 was assumed.
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Table 4-4. Exposure parameter values for belted kingfisher and river otter

Belted Kingfisher River Otter
Parameter Value Source Value Source

Melquist and Hornocker
(1983) as cited in EPA (1993):
average for adult males and
females

Dunning (1984) as cited in
Body weight (kg) 0.148 EPA (1993): average for adult | 8.55
males and females

Food ingestion rate Nagy (2001): equation for Nagy (2001): equation for

0.0233 0.291

(kg dw/day) carnivorous birds carnivorous mammals
estimated from equation estimated from equation

Water ingestion rate 0.0164 reported in Calder and Braun 0.683 reported in Calder and Braun

(L/day) ' (1983) as reported in EPA ’ (1983) as reported in EPA
(1993) (1993)

dw — dry weight

The belted kingfisher’s diet consists primarily of fish (Prose 1985; Kelly et al. 2009;
Salyer and Lagler 1949; Cornwell 1963; Davis 1982), but the species has also been
known to eat crustaceans, mollusks, insects, amphibians, reptiles, young birds, small
mammals, and berries (White 1953; Bent 1940; Salyer and Lagler 1949). River otters are
opportunistic carnivores that take advantage of the food that is most abundant and
easiest to catch. Fish are their primary prey (Wise et al. 1981; Kurta 1995; Larsen 1984;
Stenson et al. 1984), although they may also consume aquatic invertebrates (including
crayfish, mussels, clams, and aquatic insects), frogs, snakes, and occasionally
mammals and birds (Coulter et al. 1984), depending on food availability. For the
purposes of this ERA, a fully piscivorous diet was assumed for both ROCs.
Uncertainties associated with this assumption are addressed in Section 7.1.

Based on Equation 3, the exposure parameter values in Table 4-4 and the surface water
and fish EPCs in Tables 4-1 and 4-3, respectively, were used to calculate dietary doses
for belted kingfisher and river otter, as shown in Table 4-5.

Table 4-5. Bird and mammal dietary doses

Dietary Dose (mg/kd bw/day)

Woodland Creek McAllister Creek

COPEC Belted Kingfisher River Otter Belted Kingfisher River Otter
PFBS 0.00000517 0.00000112 0.000000104 0.0000000225
PFHxA 0.00000937 0.00000204 0.000000188 0.0000000409
PFOA 0.00000859 0.00000186 0.000000172 0.0000000373
PFPeA 0.00124 0.000268 0.0000249 0.00000537
bw — body weight PFHxA — perfluoro-n-hexanoic acid
COPEC - chemical of potential ecological concern PFOA — perfluoro octanoic acid

EPC — exposure point concentration PFPeA — perfluoropentanoic acid

PFBS — perfluoro-1-butanesulfonic acid
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5 Effects Characterization

This section describes the effects characterization used to establish TRVs, which are
chemical concentrations that represent a toxicity threshold below which adverse
effects are not expected to occur.

5.1 TRVSFOR THE SURFACE WATER COPEC

An attempt was made to develop freshwater and saltwater TRVs for the surface water
COPEC 4-nonylphenol.1? Both freshwater and saltwater TRVs are relevant for
McAllister Creek, because it is tidally influenced throughout its length. Only the
freshwater TRV is relevant for Woodland Creek, because it is freshwater at the point
where the greatest amount of groundwater is modeled to discharge into the creek.!!
This section describes the methods and results of the surface water TRV derivation.

5.1.1 TRV-derivation methods

Methods for deriving surface water TRVs for 4-nonylphenol are based on a species
sensitivity distribution (SSD) approach that targets a 5th percentile level of sensitivity
intended to protect 95% of species in the aquatic community.1? This method generally
followed EPA (1985) guidelines for chronic ambient water quality criteria (AWQC)
development. Per EPA (1985), chronic criteria can be generated either directly by using
chronic toxicity data or indirectly by using acute toxicity data and an acute-to-chronic
ratio (ACR). The method used depends on the size of the acute and chronic toxicity
datasets and the diversity of species represented. While EPA prefers that chronic
criteria are calculated directly from chronic data, those data are often few in number or
unavailable; therefore, the use of acute data and an ACR is a common secondary
option when sufficient acute data are available but chronic data are not.

Toxicity data were compiled from EPA's ECOTOX database (EPA 2021) for tests
conducted using aquatic organisms, often species and life stages known to be sensitive
to pollutants (e.g., small invertebrates or fish at embryonic or larval life stages);

10 As discussed in Section 5.1.2, a saltwater TRV could not be derived, so only a freshwater TRV was
applied.

11 Woodland Creek is tidally influenced for only the last mile before it discharges into Henderson Inlet.
The point of groundwater discharge used as the basis for the surface water EPC (i.e., where the
maximum concentration of 4-nonylphenol discharges) is into a tributary, Eagle Creek, which is well
upstream of Henderson Inlet.

12 The SSD approach is more applicable for surface water COPECs than is a 20% effect level benchmark
concentration (as indicated in the PFD), which is typically derived for the most sensitive species
because of limited datasets. TRVs derived from 20% effect levels are more applicable for fish tissue
and wildlife, which generally have data for fewer studies and species. Surface water data usually
cover a relatively large number of studies and species, allowing the SSD approach to account for a
wide range and distribution of species sensitivities within a natural community. The SSD approach is
generally considered a higher-tier approach than the use of single benchmarks (Posthuma et al. 2019).
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references for the compiled ECOTOX data are provided in Appendix A. As possible,
results from each study were compared, and the toxicity test results from the most
sensitive endpoint or life stage or most representative condition (e.g., longer tests or
flow-through conditions) were selected (for each species). For acute tests, 48- to
96-hour EC50 (concentration that causes a nonlethal effect in 50% of an exposed
population) and LC50 (concentration that is lethal to 50% of an exposed population)
values were compiled for aquatic organisms; these values were augmented with
additional data when data were limited.

Chronic toxicity data were compiled from tests that encompassed the life cycle of the
test organism, although partial life cycle or early life stage tests for long-lived animals
(e.g., fish) were also used. Acceptable chronic endpoints included survival, growth,
and reproduction. Preference when selecting chronic data was given to EC20s, EC10s,
and maximum acceptable toxicant concentrations (MATCs) over no-observed-effect
concentrations (NOECs) and lowest-observed-effect concentrations (LOECs) when
multiple endpoints were available from the same exposure.!3 Effect concentrations less
than the EC10 or greater than the EC20 were not considered.!# Toxicity data for
amphibians were included as available, but aquatic plant data were not included per
the EPA (1985) method.

Several other screening steps were undertaken. First, potential duplicate values were
identified and removed. Duplicates were identified as toxicity endpoints that were the
same and reported in different articles by the same author(s) or multiple times in the
same article. The chemical purity of the active ingredient was limited to 95% or greater
as a way to limit the potential effect of confounding toxicants in an exposure.
Unbounded concentrations were considered only if a “greater than” operator was
assigned to the toxicity endpoint; any result with a "less than” operator was excluded
because such values do not lead to a conservative estimate of species sensitivity. If a
lower bounded toxicity value and a higher unbounded value were available for the
same species, the unbounded value was screened out.

To calculate chronic TRVs, species mean acute values (SMAVs) were first calculated as
the geometric mean of the endpoint values for each species; then, for each genus,
genus mean acute values (GMAVs) were calculated as the geometric mean of the
SMAVs. The final acute value (FAV) was calculated as the 5t percentile GMAV.
Division of the FAV by the ACR resulted in a chronic TRV.1> This approach is
consistent with EPA (1985) methods.

13 MATCs were calculated when NOECs and LOECs were reported; an MATC is the geometric mean of
the NOEC and LOEC.

14 This excluded some values at the ECO05 level as well as EC50s/LC50s reported for chronic exposures.

15 ACRs are calculated from studies that measure both acute and chronic toxicity endpoints with the
same species. The ratio of the acute toxic value to the chronic toxic value is the ACR. When selecting
an ACR for criterion development (or TRV development herein), a geometric mean value of at least
three ACRs (including those for both saltwater and freshwater species) is used.
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In addition to the previously described data requirements, EPA (1985) lays out
diversity requirements for SSDs. Specifically, for freshwater, EPA requires at least
eight families to be represented in a distribution, with those families coming from
various specific groups: salmonid, fish from Osteichthyes, non-salmonid chordates
(e.g., amphibians), planktonic and benthic crustaceans, insects, a non-arthropod and
non-chordate family (e.g., bivalves or worms), and one other family not represented
by the preceding. For saltwater, the EPA-required groups include two chordate
families (e.g., fish), a mysid or panaeid shrimp, a non-arthropod and non-chordate
family (e.g., bivalve), three non-chordate families, and any other family. Section 5.1.2
provides greater detail about the 4-nonylphenol dataset as well as any deviations from
the EPA (1985) AWQC method.

Prior to calculating TRVs for surface water, each study associated with the four most
sensitive species within each SSD was critically reviewed, because the data for these
species are the most important in calculating the FAV using the EPA (1985) method. In
addition, the sources for ACRs were reviewed, paying special attention to the
exposure conditions, species information, notes about test controls, and any other
information related to data quality. Data were removed if their quality was
questionable, and if a species was eliminated, studies for the next most sensitive
species were reviewed until data for the four most sensitive species were deemed to be
of sufficient quality. For example, any unbounded “greater than” toxicity values
among the four most sensitive species in the SSD were removed as too uncertain
(although such values were retained for less sensitive species).

5.1.2 TRVs for 4-nonylphenol

The following sections describe the process of deriving freshwater and saltwater TRVs
for 4-nonylphenol. These TRVs are specific to 4-para-nonylphenol (CAS 104-40-5),
rather than other commonly used formulations that include impurities

(i.e., “branched” nonylphenols, CAS 84852-15-3). This approach was intended to
reduce the uncertainty associated with toxicity results from tests using unclear
amounts of impurities (e.g., 4-ortho-nonylphenol, 4-meta-nonylphenol,
isononylphenols, octylphenols, decaphenols). As noted in Section 5.1.1, data were also
limited to studies wherein the chemical purity was reported as 95% or greater.

51.2.1 Freshwater TRV

The freshwater 4-nonylphenol dataset from ECOTOX (EPA 2021) initially included 899
toxicity results that were filtered per the method described in Section 5.1.1; the final
acute dataset included 80 unique results for 35 species and 27 genera (Appendix A,
Table Al). After reviewing the literature associated with the four most sensitive
species, the Alosa sapidissima result from Dwyer et al. (2000) was excluded because of a
high level of control mortality. After reducing the SSD to 26 genera, the dataset still
met the minimum acceptable diversity criteria (described in Section 5.1.1).
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Chronic freshwater data were available for seven species and six genera (Appendix A,
Table A2) and thus did not meet EPA’s diversity requirement (i.e., eight families).
Therefore, the chronic freshwater TRV for 4-nonylphenol was calculated using acute
toxicity data and an ACR.

The final ACR for 4-nonylphenol is based on data compiled by EPA (2005a), the
Minnesota Pollution Control Agency (MPCA 2010), and Wilkinson et al. (1997). ACRs
were available for two daphnids (Daphnia magna [0.6586 and 6.211] and Ceriodaphnia
dubia [9.083]), a salmonid (Oncorhynchus mykiss [28.11]), and a mysid (Americamysis
bahia [8.412]); the geometric mean among these species was 8.12.1% This mean was used
to develop the chronic freshwater TRV. These data are also included in Appendix A,
Table A3. ACRs used herein are based on the general group of chemicals called
“nonylphenol” evaluated by EPA (2005a), rather than 4-para-nonylphenol
specifically;” ACRs specific to 4-para-nonylphenol are not currently available.

The GMAVs, FAV, and ACR values used to derive the freshwater chronic TRV of
1.4 pg/L are shown in Table 5-1 (and Appendix A, Table A4a). The final TRV is
calculated in Appendix A, Table A4b.

Table 5-1. Acute freshwater 4-nonylphenol SSD and calculated chronic TRV

Genus Rank A GMAV (upg/L)
Dugesia 26 623

Lasmigona 25 482
Cyprinodon 24 470
Utterbackia 23 383

Daphnia 22 351
Lumbriculus 21 342
Physella 20 305
Gila 19 290

Ptychocheilus | 18 256
Ceriodaphnia | 17 234
Poeciliopsis 16 230
Neocaridina 15 220
Pimephales 14 219

Lepomis 13 209
Oncorhynchus | 12 197
Caridina 11 195
Xyrauchen 10 173
Etheostoma 9 145

16 The mean was calculated within species for D. magna before averaging among species.
17 The SSD was focused as much as possible on the 4-para-nonylphenol isomer.

. Ecological Risk Assessment
Windward FINAL June 20, 2022

‘environmental LLC 32



Genus Rank A GMAV (ug/L)

Notropis 8 140
Oryzias 7 130
Moina 6 104
Hydra 5 96
Acipenser 4 80
Erimonax 3 80
Hyalella 2 21
Dreissena 1 7.5
FAV | 12

Freshwater ACR | 8.12
Chronic TRV | 1.4

FAV — final acute value SSD - species sensitivity distribution
ACR — acute-to-chronic ratio TRV - toxicity reference value
GMAV - genus mean acute value

5.1.2.2 Saltwater TRV

Saltwater 4-nonylphenol data are extremely limited. The initial dataset obtained
through ECOTOX (EPA 2021) contained nine toxicity values. These were filtered,
according to the approach described in Section 5.1.1, to one acute value and two
chronic values. The acute 96-hour LC50 of 500 pg/L was available for the copepod
Tigriopus japonicus (Appendix A, Table A5a). Chronic values were available for the
barnacle Elminius modestus (8-day NOEC = 10 pg/L) and the copepod Eurytemora
affinis (10-day MATC = 10.25 pg/L) (Appendix A, Table A5b). Because of these data
limitations, a saltwater TRV for 4-nonylphenol was not derived. Instead, the final
freshwater TRV of 1.4 pg/L will be applied to saltwater conditions. Uncertainties
associated with the use of a freshwater 4-nonylphenol TRV are discussed in Section
6.1.2.4.

5.1.3 Summary of surface water TRV development

The final chronic freshwater TRV for 4-nonylphenol was calculated as 1,400 ng/L and
was based on the ECOTOX database (EPA 2021). The final dataset (after filtering the
data as described in Section 5.1.1) included 26 genera. An ACR of 8.12 was used to
convert the 5t percentile of SMAVs to the chronic TRV. Because a comparable value
could not reasonably be derived for saltwater data, this TRV was applied to both
Woodland and McAllister Creeks, regardless of water salinity. Uncertainties
associated with this TRV are discussed in Section 6.1.2.4.

5.2 TRVsFOR FIsH TiIssUE COPECs

Fish tissue TRVs are concentrations of COPECs in tissue that represent a toxicity
threshold below which adverse effects are not expected to occur in fish. A literature
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search was conducted in May 2021 for scientific publications that could be used for the
development of TRVs for the four fish tissue PFAS COPECs. The search used EPA’s
ECOTOX database (EPA 2021), the US National Library of Medicine’s TOXLINE
database (NCBI 2021), and Google Scholar to identify publications presenting fish
tissue concentrations associated with adverse effects on fish growth, reproduction, or
survival.

No data were found for perfluoro-1-butanesulfonic acid (PFBS) or perfluoropentanoic
acid (PFPeA). Only one study was found that related fish tissue concentrations to
effects on fish (Gaballah et al. 2020). This study exposed zebrafish embryos to a range
of PFOA and perfluoro-n-hexanoic acid (PFHxA) concentrations, in separate
exposures, immediately after fertilization. After six days, no effects on survival or
development were observed. Tissue concentrations associated with the highest
exposure concentrations are presented in Table 5-2. These NOECs for tissue are used
as TRVs, because data are not available to derive effect levels associated with a 20%
reduction in growth, reproduction, or survival. Because these TRVs are levels at which
no effects were observed, they are conservative values. Uncertainties associated with
the lack of fish tissue data are discussed in Section 6.2.2.2.

Table 5-2. Fish tissue TRVs

COPEC TRV (mg/kg dw) | Effect Description Source
PFBS no data na na

NOEC for survival
PFHXxA 8.77 and development of | Gaballah et al. (2020)

zebrafish embryos
PFPeA no data na na

NOEC for survival
PFOA 171 and development of | Gaballah et al. (2020)

zebrafish embryos
COPEC - chemical of potential ecological concern PFHxA — perfluoro-n-hexanoic acid
dw — dry weight PFOA — perfluoro octanoic acid
na — not applicable PFPeA — perfluoropentanoic acid
NOEC - no observed effect concentration TRV — toxicity reference value

PFBS — perfluoro-1-butanesulfonic acid

5.3 TRVSFORWILDLIFE COPECSs

Wildlife TRVs are dietary doses of COPECs that represent a toxicity threshold below
which adverse effects are not expected to occur. The wildlife TRVs used in this ERA
were derived primarily from data compiled by Zodrow et al. (2021). The authors
conducted a thorough review of the scientific literature for wildlife toxicity data for a
comprehensive list of PFAS compounds, including the four PFAS wildlife COPECs
evaluated in this ERA. The literature search was conducted using 1) multiple search
engines, 2) 11 key recent US guidance documents, and 3) EPA’s ECOTOX database.
Because Zodrow et al. (2021) submitted for publication in 2020 and conducted the
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associated ECOTOX search in February 2019, Windward Environmental LLC
(Windward) conducted a search in May 2021 for literature published in 2019 or later to
identify papers that may not have been included by Zodrow et al. (2021). The
additional search was conducted using ECOTOX (EPA 2021) and the US National
Library of Medicine’s TOXLINE database (NCBI 2021). The only additional paper
identified in the Windward search was a bird study evaluating the effects of PFOA
(Bursian et al. 2021).

Both the Zodrow et al. (2021) and Windward literature searches were limited to
studies that were three days or longer and that reported on endpoints related to
growth, reproduction, or survival. Only studies with dosing based on the ingestion of
food or water or oral gavage were included; other forms of exposure, such as
subcutaneous implant or injection, were not considered environmentally relevant
pathways.

Zodrow et al. (2021) derived no-observed-adverse-effect levels (NOAELs) and
lowest-observed-adverse-effect levels (LOAELs) using EPA’s step-wise methodology
for deriving NOAEL- and LOAEL-based TRVs for ecological soil screening levels
(Eco-SSLs) (EPA 2005b). The LOAEL-based TRVs identified by Zodrow et al. (2021)
and derived from Bursian et al. (2021) (Table 5-3) are used in this ERA, rather than
effect doses associated with a 20% reduction of growth, reproduction, or survival
(ED20s). The derivation of ED20s would involve modeling the dose-response data
from each study. The LOAEL-based TRVs are several orders of magnitude less than
the estimated dietary doses in Table 4-5; therefore, the additional modeling for ED20s
was not conducted because their use would not result in different risk conclusions
(i.e., hazard quotients [HQs] < 1).

Table 5-3. Wildlife dietary TRVs

No. of Endpoints LOAEL-based TRV

COPEC | Studies Species Evaluated (mg/kg bw/day) Source

Birds

PFBS | 3 bobwhite quail, mallard | SUrvival growth, 4 5 Zodrow et al. (2021)
reproduction

PFHXxA no data | na na na na

PFOA 1 Japanese quail growth 52 Bursian et al. (2021)

PFPeA |nodata | na na na na

Mammals

PFBS 6 rat, mouse survival, growth, 200 Zodrow et al. (2021)
reproduction

PFHxA |3 rat, mouse survival, growth, 175 Zodrow et al. (2021)
reproduction
survival, growth,

PFOA > 25 rat, mouse reproduction 0.6 Zodrow et al. (2021)

PFPeA |nodata | na na na na
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bw — body weight PFHXxA — perfluoro-n-hexanoic acid

COPEC - chemical of potential ecological concern PFOA — perfluoro octanoic acid
LOAEL - lowest observed adverse effect level PFPeA — perfluoropentanoic acid
na — not applicable TRV - toxicity reference value

PFBS — perfluoro-1-butanesulfonic acid

Sufficient data were available to allow for the derivation of LOAEL-based TRVs for
PFBS and PFOA for both birds and mammals, and for PFHxA for mammals

(Table 5-3). A limited number of studies were available for the derivation of most
TRVs, with the exception of PFOA for mammals, for which there were more than 25
studies. Uncertainties associated with the lack of data for some compounds and the
limited amount of data for others are discussed in Section 6.3.2.2.
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6 Risk Characterization

The risk characterization addresses the assessment endpoints, risk questions, and

measurement endpoints for aquatic organisms and aquatic-dependent wildlife

identified in Table 2-1. An HQ approach is used to characterize the potential for

adverse effects by comparing EPCs or daily doses to TRVs according to Equation 4:
__ (EPCor Dose)

HQ =—7—— Equation 4

The HQ indicates the factor by which the EPC or dose is above or below the toxicity
threshold. HQs less than one indicate low potential for adverse effects. HQs greater
than one indicate the potential for unacceptable effects. If any HQs are greater than
one, further evaluation is necessary to understand the ecological significance of the
potential effects, such as the spatial extent of unacceptable effects and whether the
estimated effects are limited to individual organisms or extend to the entire
population. The interpretation of HQs must also consider the uncertainties associated
with exposure and effects data.

The following sections present the risk characterization results for the three
assessment endpoints addressed in this ERA.

6.1 AQUATIC COMMUNITY ENDPOINT

This section presents the surface water HQs, a consideration of HQ uncertainties, and
a summary of risk characterization results for the assessment endpoint addressing the
protection and maintenance of aquatic community populations in Woodland and
McAllister Creeks.

6.1.1 Surface water HQs

The HQs for 4-nonylphenol in Woodland and McAllister Creeks are all well below one
(Table 6-1). Data were not available to calculate an HQ for 4-nonylphenol in saltwater.

Table 6-1. Surface water HQs

Surface Water HQ

Woodland Creek McAllister Creek?
COPEC Freshwater Freshwater Saltwater
4-nonylphenol 0.00036 0.000072 no data

a  Freshwater and saltwater HQs are relevant for McAllister Creek because it is tidally influenced throughout its
length. Woodland Creek is freshwater at the point where maximum concentrations of COPECSs in groundwater
discharge to the creek, based on the fate and transport model.

COPEC - chemical of potential ecological concern
HQ — hazard quotient
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6.1.2 Uncertainty evaluation

This section discusses uncertainty associated with additive effects, degradation
products, exposure point concentrations, and TRVs used in the aquatic community
risk characterization.

6.1.2.1 Additive effects uncertainty

Effects caused by additive interactions of residual chemicals were not factored into the
effects assessment. Generally, it can be assumed that toxicity is additive if the
individual chemicals induce the same health effects by similar modes of action
(MOAs) (EPA 2000a). There is, however, substantial uncertainty when assessing risk
from mixtures, due primarily to the lack of toxicological data, particularly with three
or more chemicals (EPA 2000b). Additionally, the diversity of the chemicals in the
mixture, their reactions in the ambient environment, and their interactions with one
another increase the uncertainty associated with predicting mixtures toxicity.

For example, PFAS include thousands of heterogenous chemicals, but there is
substantial toxicological understanding for only a few (Ankley et al. 2021).
Furthermore, these chemicals “often enter the environment as poorly characterized
complex mixtures of parent molecules and their precursors, degradation products, and
metabolites.” However, while agents such as dioxins have a known molecular
initiating event (MIE) (Van den Berg et al. 1998), the MIE and even the more general
MOA are not understood for PFAS; it is unknown if these effects are shared for
subsets of PFAS (Ankley et al. 2021).

Recent efforts to develop MOA classification in chemical risk assessment through
existing MOA frameworks have yielded contradictory results when applied across a
variety of chemicals, indicating that more work is needed to harmonize and update
these systems before they can be applied to improve risk assessments (Kienzler et al.
2017). Thus, the ability to account for interactive effects through a MOA approach for
most contaminants of emerging concern is currently very limited, and the effects of
potential additive, antagonistic, or synergistic interactions of residual chemicals on
risk predictions are unknown.

6.1.2.2 Degradation products uncertainty

The residual chemicals evaluated as part of the RWIS may have associated
degradation products for which toxicity was not assessed as part of the ERA. While
concentrations of degradation products are often less than those of the parent
compound, toxicity can be less or greater than that of the chemical of origin. Thus, the
effects of degradation products are unknown; however, based on the low risk
associated with the chemicals evaluated, the toxicity of degradation products would
need to be substantially greater than that of the parent chemical to pose unacceptable
risk.
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6.1.2.3 Exposure point concentration uncertainty

Several of the factors used to calculate surface water EPCs likely contributed to higher
(i.e., more conservative or overestimated) EPCs for Woodland and McAllister Creeks.
First, as discussed in Section 3.4.1, decay constants were not applied in the
groundwater model for any of the COPECs evaluated. Second, in considering the
dilution of groundwater with surface water, the maximum (instead of the average)
daily mass loading for each creek was used. In addition, the flowrates for both creeks
are very conservative, in that they are based on data collected during the dry season
for upstream (i.e., low-flow) parts of the creek. This is true despite the additional
uncertainty in the McAllister Creek flowrate, which uses dated information.

6.1.2.4 TRV uncertainty
General Uncertainty

Surface water TRVs are derived from toxicity tests conducted in the laboratory, which
might not accurately reflect field conditions in the environment of interest. Some
example field conditions include the potential natural adaptation of communities to
toxicants and the potential for parameters such as pH or organic carbon to affect
chemical fate and bioavailability. It is not known if conditions in the laboratory are
more or less toxic than those in the field; therefore, it is not possible to determine
whether the 4-nonylphenol TRV derived from laboratory data is likely to over- or
underestimate risk.

Similarly, water toxicity studies are often conducted with model test organisms, which
are intended to represent broad groupings of species. This approach results in TRVs
for one species being applied to a different species, which may be more or less
sensitive to the COPEC. To address uncertainties, the surface water TRV for
4-nonylphenol is based on the most sensitive species among those with available
toxicity test data. While this may result in a higher estimate of ecological risk for less
sensitive species, the approach is conservative and appropriate for the most sensitive
species.

4-nonylphenol TRV Uncertainty

The freshwater TRV for 4-nonylphenol (Section 5.1.2) was developed using an acute
SSD and an ACR. When there are relatively few chronic toxicity data, as is the case for
4-nonylphenol in freshwater, EPA (1985) allows for the ACR approach as an
alternative to developing a chronic SSD if acute-to-chronic data are available for at
least three species. While small SSDs have questionable representativeness, there is
also uncertainty with the ACR approach when the ACR dataset is small and/or
variable. The four ACRs for 4-nonylphenol range from 0.6586 to 28.11 for different
species (Appendix A, Table A3), and even within species (i.e., for D. magna) there is an
order of magnitude difference (0.6586 versus 6.211). It is not known if a larger dataset
would result in a higher or lower ACR than the value of 8.12 used to derive the TRV
(Table 5-1); however, the ACR would need to be at least an order of magnitude higher
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for HQs to exceed one in Woodland Creek and at least three orders of magnitude
higher for HQs to exceed one in McAllister Creek.

A saltwater TRV could not be developed because of the lack of data for 4-nonylphenol.
Instead, the freshwater TRV was applied. In order to evaluate the uncertainty
associated with applying a freshwater TRV to saltwater species, an additional
literature search was conducted. In a study by Lussier et al. (2000), an acute saltwater
AWQC of 12.4 pg/L was derived for 4-nonylphenol (relying on the 4-nonylphenol
branched formulation [Chemical Abstracts Service No. 84852-15-3], which was not
considered herein).!® Dividing 12.4 pg/L by the ACR of 8.12 would result in a chronic
saltwater TRV of 1.5 pg/L, a value very similar to the freshwater chronic TRV of

1.4 pg/L (Table 5-1). Therefore, the calculated 4-nonylphenol freshwater HQs for
McAllister Creek would be almost identical to the saltwater HQs calculated using the
saltwater TRV based on the 4-nonylphenol, branched toxicity data.

Representativeness of TRVs for Threatened and Endangered Species

Three species of fish (all salmonids) that may be present within the aquatic
communities of Woodland or McAllister Creeks are designated as threatened by the
US Fish and Wildlife Service (USFWS): bull trout, Chinook salmon, and winter
steelhead trout.’” No fish species are listed as endangered.? The SSD for
4-nonylphenol contains the genus Oncorhynchus, which is in the salmon family (and
includes both Chinook salmon and steelhead trout); therefore, the TRV based on this
SSD should be protective of salmonids.

6.1.3 Aquatic community risk characterization summary

Surface water HQs for 4-nonylphenol are more than three orders of magnitude less
than one, based on freshwater TRVs for both Woodland and McAllister Creeks.
Although a saltwater TRV could not be developed for 4-nonylphenol because of the
lack of data, the limited available data indicate that toxicity values for saltwater
organisms are within the range of those for freshwater organisms (see Section 5.1.2),
which would result in similar HQs for saltwater organisms in McAllister Creek. The
low HQs indicate a negligible potential for adverse effects on the aquatic populations
in Woodland and McAllister Creeks from exposure to 4-nonylphenol in surface water.
Uncertainties associated with EPCs and TRVs are unlikely to result in HQs exceeding
one.

18 As described in Section 5.1.2, the derivation of the 4-nonylphenol TRV was based on the para isomer
rather than on data for more uncertain mixtures of para, ortho, and meta isomers and deca- or
octophenols and isophenols, all of which can occur as impurities in nonylphenol products.

19 Appendix B of the PFD (Windward 2020) also lists the following fish species as threatened: 1) chum
salmon, which are listed as threatened for only the Hood Canal breeding population, and 2) sockeye
salmon, which are listed as threatened in only Lake Ozette (Washington) and Snake River (Idaho).

20 White sturgeon is listed as endangered, but the listing is specific to the Kootenai subspecies in Idaho,
Montana, and British Columbia.
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6.2 FISH ENDPOINT

This section presents the fish tissue HQs, a consideration of HQ uncertainties, and a
summary of risk characterization results for the assessment endpoint addressing the
protection and maintenance of fish populations in Woodland and McAllister Creeks.
6.2.1 Fish Tissue HQs

The HQs for fish tissue are all well below one (Table 6-2). No data were available to
calculate HQs for PFBS or PFPeA.

Table 6-2. Fish tissue HQs

Fish tissue NOAEL HQ
COPEC Woodland Creek @ McAllister Creek

PFBS no data no data

PFHxA | 0.0000068 0.00000014

PFOA | 0.00000032 0.0000000064

PFPeA | no data no data

COPEC - chemical of potential ecological concern PFHXxA — perfluoro-n-hexanoic acid
HQ - hazard quotient PFOA - perfluoro octanoic acid
NOAEL — no-observed-adverse-effect level PFPeA — perfluoropentanoic acid

PFBS — perfluoro-1-butanesulfonic acid

6.2.2 Uncertainty evaluation

This section discusses uncertainty in the fish risk characterization associated with
EPCs and TRVs. Uncertainties associated with additive effects and degradation
products, as discussed in Sections 6.1.2.1 and 6.1.2.2, also apply to the fish risk
characterization.

6.2.2.1 Exposure point concentration uncertainty

EPCs for fish tissue COPECs were based on BAFs (Table 4-2), which were limited in
two ways. First, three or fewer BAFs were available in the literature for PFBS, PFHxXA,
and PFPeA, and second, the range of BAFs was large (more than one order of
magnitude) for PFBS and PFOA; the EPC for the latter was based on 16 BAFs,
representing the largest range. However, use of the highest BAF for PFOA (Table 4-2),
rather than the geomean, results in a tissue concentration of 976 ng/kg in Woodland
Creek and an HQ of 0.0000057, indicating that the large range of BAFs does not affect
the risk conclusions.

6.2.2.2 TRV uncertainty
General Uncertainty

A general uncertainty associated with the toxicity studies used to derive the fish tissue
TRVs is whether the effects observed in a controlled laboratory environment would be
observed to a greater, lesser, or similar extent in the natural environment. The
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sensitivity of fish to PFAS compounds would need to be several orders of magnitude
higher in the natural environment than in the laboratory for HQs to exceed one. There
is no ecotoxicological or ecological basis for concern that field sensitivity would exceed
laboratory sensitivity by such a wide margin.

TRV Derivation Uncertainty

The primary uncertainty associated with the TRVs derived for fish tissue is that
limited data are available. Only one study relating fish tissue concentrations of PFAS
compounds to effects on fish was identified (Gaballah et al. 2020); this study did not
include data on PFPeA or PFBS. In addition, this study was based on a single species
(zebrafish), so there is uncertainty regarding how representative the TRVs are for
other types of fish.

Other uncertainties specific to the study by Gaballah et al. (2020) are:

e No effects were observed at the highest exposure concentrations tested, so the
TRVs are based on NOECs, which represent conservative values. The higher
concentrations at which effects might be observed (i.e., LOECs) are not known.

e The fish tissue concentrations are based on fish embryos. Chemical
concentrations in embryos and adults can vary depending on the chemical, and
data could not be found regarding concentrations of PFOA and PFHxA in
embryos relative to concentrations in adults. Therefore, there is uncertainty
regarding how representative the TRVs are for adult fish.

Because of the limited amount of available data, the TRVs derived for fish tissue are
considered highly uncertain. However, the TRVs would need to be several orders of
magnitude lower than those presented in Table 5-2 for HQs to exceed one.

Representativeness of TRVs to Threatened and Endangered Species

As noted in Section 6.1.2.4, three species of fish that may be present within the aquatic
communities of Woodland or McAllister Creeks are designated as threatened by the
USFWS: bull trout, Chinook salmon, and winter steelhead trout, all of which are
salmonids. Toxicity data for the four PEAS COPECs in fish tissue were found for only
zebrafish, and data on the sensitivity of zebrafish relative to the sensitivity of
salmonids were not available. However, TRVs for salmonids would need to be several
orders of magnitude higher than the TRVs for zebrafish used in this evaluation in
order for HQs to exceed one. To evaluate this uncertainty, a quantitative evaluation of
toxicity values for many species and chemicals was conducted using the underlying
data from EPA’s WebICE tool (EPA 2017), which uses regression models to predict
toxicity in species with little or no empirical toxicity data. A review of data in the
WebICE database indicates that it is highly unlikely that toxicity values for fish would
range over five orders of magnitude. Fish acute water toxicity data are available for
629 chemicals (not including the COPECs); no chemical is associated with fish toxicity
data that range over 5 orders of magnitude (maximum of 3.7).

. Ecological Risk Assessment
Windward FINAL June 20, 2022

‘environmental LLC 42



6.2.3 Fish risk characterization summary

HQs for PFOA and PFHXxA in fish tissue are more than five orders of magnitude less
than one. HQs could not be calculated for PFBS or PFPeA because of the lack of data to
derive TRVs; however, these TRVs would need to be several orders of magnitude
higher than those derived for PFOA and PFHxA for HQs to exceed one. In general,
available data suggest that the toxicity of a shorter-carbon-chain-length PFAS, such as
PFBS, is less than the toxicity of longer-carbon-chain compounds such as PFOA
(Ankley et al. 2021), so there is reason to expect that fish tissue HQs for PFBS and
PFPeA would be less than those for PFOA and PFHxA. These data indicate a
negligible potential for adverse effects on the fish populations in Woodland and
McAllister Creeks from the bioaccumulation of PFOA, PFHxA, PFBS, and PFPeA in
fish tissue. Although there are uncertainties associated with the BAFs and TRVs, they
are unlikely to affect risk conclusions.

6.3 AQUATIC-DEPENDENT WILDLIFE ENDPOINT

This section presents the bird and mammal HQs, a consideration of HQ uncertainties,
and a summary of risk characterization results for the assessment endpoint addressing
the protection and maintenance of aquatic-dependent wildlife populations in
Woodland and McAllister Creeks.

6.3.1 Bird and mammal dietary HQs

The wildlife dietary dose HQs are all well below one (Table 6-3). No data were
available to calculate HQs for PFHxA (birds) or PFPeA (birds and mammals).
Table 6-3. Bird and mammal dietary HQs

Dietary LOAEL HQ

Woodland Creek McAllister Creek
COPEC Bird Mammal Bird Mammal
PFBS 0.000000034 | 0.0000000056 | 0.00000000068 | 0.00000000011
PFHXA no data 0.000000012 no data 0.00000000023

PFOA 0.00000017 0.0000031 0.0000000033 | 0.000000062

PFPeA no data no data no data no data

COPEC - chemical of potential ecological concern PFHxA — perfluoro-n-hexanoic acid
HQ — hazard quotient PFOA — perfluoro octanoic acid
LOAEL - lowest-observed-adverse-effect level PFPeA — perfluoropentanoic acid

PFBS — perfluoro-1-butanesulfonic acid

6.3.2 Uncertainty evaluation

This section discusses uncertainty associated with dietary exposure estimation and
TRVs in the aquatic-dependent wildlife risk characterization. Uncertainties associated
with additive effects and degradation products, as discussed in Sections 6.1.2.1 and
6.1.2.2, also apply to the wildlife risk characterization.
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6.3.2.1 Dietary exposure uncertainty

Data are not available for PFAS compounds concentrations in Woodland or McAllister
Creek sediment, so it was not possible to characterize the contributions of incidental
sediment ingestion to the wildlife dietary doses. Incidental sediment ingestion is
estimated to be a small portion of the diet for belted kingfisher and river otter (less
than 5%), based on information for similar wildlife species (Beyer et al. 1994; Beyer et
al. 2008). Therefore, the additional doses of PFAS compounds from ingested sediment
will have only a minimal effect on the extremely low HQs.

The fish EPCs are based on BAFs, which are limited in their availability and have a
large range, as discussed in 6.2.2.1. However, given the very low wildlife HQs

(Table 6-3), these uncertainties have a minimal effect on the HQs. For example, while
use of the highest BAF for PFOA rather than the geomean increases the PFOA HQ by
approximately two orders of magnitude, the highest PFOA HQ would still be only be
0.000055.

While it is assumed that the belted kingfisher and river otter diets consist entirely of
fish, they may also consume relatively small amounts of benthic invertebrates and
other organisms (see Section 4.3). Based on data presented by Zodrow et al. (2021),
benthic invertebrate geomean BAFs for the PFAS COPECs are within approximately
one to two orders of magnitude of the fish geomean BAFs, indicating that including
modeled benthic invertebrates in the wildlife diets would not have a substantial effect
on the extremely low HQs.

6.3.2.2 TRV derivation uncertainty
General Uncertainty

A general uncertainty associated with the bird and mammal toxicity studies used to
derive the wildlife TRVs is whether the effects observed in a controlled laboratory
environment would be observed to a greater, lesser, or similar extent in the natural
environment. Wildlife dietary doses of PFAS compounds associated with adverse
effects would need to be at least five orders of magnitude less in the natural
environment than in the laboratory for any of the HQs to exceed one. While wildlife
(i.e., bird and mammal) toxicity data are not available through EPA’s WebICE
database (EPA 2017), fish and invertebrate data are available for hundreds of
chemicals (629 and 585, respectively); amphibian data are also available for a smaller
number of chemicals (37). Among all chemicals (none of which were the COPECs) and
species with available data, only a single chemical had a range of toxicity values
exceeding five orders of magnitude.

TRV Derivation Uncertainty

A primary uncertainty associated with TRVs for wildlife is the limited toxicity data
that are available for many chemicals. For example, no data were found for PFPeA,
and no bird diet toxicity data were found for PFHxA. The only bird species used in the
PFAS toxicity tests were bobwhite quail, Japanese quail, and mallard, and the only
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mammal species were rat and mouse. It is unknown whether the extrapolation of
results from this limited variety of laboratory species to belted kingfisher and river
otter would contribute to an over- or underestimation of the TRV, because data are not
available to determine if the receptor species are more or less sensitive than the tested
species. However, it is highly unlikely that toxicity data for other PFAS COPECs or
other species would be different enough from the available data to result in HQs
exceeding one.

Representativeness of TRVs to Threatened and Endangered Species

One bird species, marbled murrelet, is the only aquatic-dependent wildlife species
potentially using Woodland or McAllister Creeks that is designated as threatened by
the USFWS; no aquatic-dependent wildlife species that might use the site are
endangered. Data are not available to indicate how representative bobwhite quail,
Japanese quail, and mallard are of marbled murrelet. However, marbled murrelet
would need to be at least five orders of magnitude more sensitive than the laboratory
species in order for HQs to exceed one. EPA’s WebICE data were evaluated to
understand reasonable ranges of sensitivities among fish, invertebrate, and amphibian
species (EPA 2017); no analogous wildlife data were available. Evaluation of the non-
wildlife data found that ranges of toxicity values tended not to be much less than five
orders of magnitude among species and across hundreds of (non-COPEC) chemicals.
This result suggests that inter-specific differences in sensitivity are unlikely to be large
enough for HQs to exceed one.

6.3.3 Aquatic-dependent wildlife risk characterization summary

HQs for PFBS, PFHxA, and PFOA based on estimated dietary doses are more than five
orders of magnitude less than one. HQs could not be calculated for PFPeA because of
the lack of data to derive a TRV, however, the TRV would need to be several orders of
magnitude higher than those derived for the other PFAS COPECS in order for HQs to
exceed one. The extremely low HQs indicate negligible potential for adverse effects on
the wildlife populations consuming aquatic organisms from Woodland and McAllister
Creeks. The uncertainties associated with the wildlife HQ calculations are unlikely to
affect risk conclusions based on the very low HQs.
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7 Summary and Conclusions

The scope of the RWIS included evaluating ecological risk from chemicals of emerging
concern, such as pharmaceuticals and personal care products. The ERA was conducted
in accordance with EPA guidelines and based on screening data available in 2019 for
the problem formulation and toxicity data available in 2021 for the effects and risk
characterizations. The list of COPECs identified in the problem formulation was
refined based on exposure data from the groundwater fate and transport model for
Woodland and McAllister Creeks, resulting in detailed risk evaluations for five
chemicals: one surface water COPEC (4-nonylphenol) and four fish tissue and wildlife
COPECs (PFBS, PFHxA, PFOA, and PFPeA). The surface water COPEC was evaluated
for the aquatic community based on direct exposure to surface water. Fish tissue and
wildlife COPECs were evaluated, due to high persistence and bioaccumulation
potential, by modeling fish tissue concentrations and aquatic-dependent wildlife
dietary doses. The potential for adverse effects on aquatic community populations,
fish populations, and aquatic-dependent wildlife populations was determined to be
negligible based on comparisons of EPCs or dietary doses to TRVs; all HQs were
orders of magnitude less than one. Uncertainties associated with each component of
the risk assessment —including COPEC selection and quantification, exposure
estimation, effects estimation, and risk characterization —were evaluated and
determined to have a low impact on the risk conclusions. It is important to note that
the exposure scenarios evaluated in the ERA represent potential future conditions that
do not currently occur and may not occur for several decades. Chemical
concentrations were assumed to stay consistent for the duration of the 100-year
groundwater fate and transport model run; in reality, the types and concentrations of
chemicals in reclaimed water will change over time, as chemicals are phased in and
out and wastewater treatment technologies advance.

Applying either of the other reclaimed water treatment options discussed in

Section 3.3 (RO-AOP or O3-BAC-GAC) would result in 90 to 99% lower surface water
EPCs and thus even lower HQs than those based on current reclaimed water
production methods. If COPEC concentrations were to increase in the future to the
extent that HQs approached one, either of the additional treatments would provide
sufficient removal to be ecologically protective.

There are data gaps and uncertainties in the ERA, many of which are due to the
emergent status of the chemicals evaluated. Because the ERA is based on information
available at the time of writing and knowledge related to the fate, transport, and
toxicity of chemicals of emerging concern is expected to increase in coming years, the
ERA should be periodically updated using the most current screening and toxicity
data. The limitations and uncertainties of the ERA should be considered when
applying the results to wastewater management decisions.

. Ecological Risk Assessment
Windward FINAL June 20, 2022

‘environmental LLC 47



This page intentionally left blank.



8 References

Adeel M, Xong X, Wang Y, Francis D, Yang Y. 2017. Environmental impact of
estrogens on human, animal and plant life: a critical review. Environ Int 99:107-
119.

Ankley GT, Cureton P, Hoke RA, Houde M, Kumar A, Kurias J, Lanno R, McCarthy C,
Newsted ], Salice CJ, Sample BE, Sepulveda MS, Steevens J, Valsecchi S. 2021.
Assessing the ecological risks of per- and polyfluoroalkyl substances: current
state-of-the-science and a proposed path forward. Environ Toxicol and Chem
40(3):564-605.

Bent AC. 1940. Life histories of North American cuckoos, goatsuckers, hummingbirds
and their allies. US National Museum. Bulletin 176. US Government Printing
Office, Washington, DC.

Beyer WN, Connor EE, Gerould S. 1994. Estimates of soil ingestion by wildlife. ] Wildl
Manage 58:375-382.

Beyer WN, Perry MC, Osenton PC. 2008. Sediment ingestion rates in waterfowl
(Anatidae) and their use in environmental risk assessment. Integr Environ
Assess Manag 4(2):246-251.

Bursian SJ, Link JE, McCarty M, Simcik MF. 2021. The subacute toxicity of
perfluorooctane sulfonate and/or perfluorooctanoic acid and legacy aqueous
film-forming foams to Japanese quail (Coturnix japonica) chicks. Environ Toxicol
Chem 40(3):695-710.

Calder WA, Braun EJ. 1983. Scaling of osmotic regulation in mammals and birds. Am ]
Physiol 244:R601-R606.

Cornwell GW. 1963. Observations on the breeding biology and behavior of a nesting
population of belted kingfishers. Condor 65:426-431.

Coulter W, Adams CM, Decker D]J. 1984. River otter biology. In: New York's wildlife
resources [online]. Department of Natural Resources, New York State College
of Agriculture and Life Sciences, State University at Cornell University, Ithaca,
NY. [Cited June 6, 2000.] Available from:
http:/ /www.nyotter.org/pages/biology.html.

Davis WJ. 1982. Territory size in Megaceryle alcyon along a stream habitat. Auk 99:353-
362.

Dunning JB. 1984. Body weights of 686 species of North American birds. Western Bird
Banding Association Monograph No. 1, Eldon Publishing Company, Cave
Creek, AZ.

Dwyer FJ, Hardesty DK, Ingersoll CG, Kunz JL, Whites DW. 2000. Assessing
contaminant sensitivity of American shad, Atlantic sturgeon and shortnose
sturgeon. Final report. US Geological Survey, Columbia, MO.

Ecology. 2005. Nisqually River Basin fecal coliform bacteria and dissolved oxygen total
maximum daily load study. Publication Number: 05-03-002. Washington State
Department of Ecology, Olympia, WA.

. Ecological Risk Assessment
Windward FINAL June 20, 2022

‘environmental LLC 49


http://www.nyotter.org/pages/biology.html

Einarson MD, Mackay DM. 2001. Predicting impacts of ground water contamination.
Environ Sci Tech 35(3):67-73.

EPA. 1993. Wildlife exposure factors handbook. EPA /600/R-93/187a. Office of
Research and Development, US Environmental Protection Agency,
Washington, DC.

EPA. 1997a. Ecological risk assessment guidance for Superfund: Process for designing
and conducting ecological risk assessments. EPA /540/R-97/006. Interim final.
Environmental Response Team, US Environmental Protection Agency, Edison,
NJ.

EPA. 1997b. EPA Region 10 supplemental ecological risk assessment guidance for
Superfund. EPA/910/R-97/005. Region 10 Office of Environmental Assessment
Risk Evaluation Unit, US Environmental Protection Agency, Seattle, WA.

EPA. 1998. Guidelines for ecological risk assessment. EPA /630/R-95/002 F. Risk
Assessment Forum, US Environmental Protection Agency, Washington, DC.

EPA. 2000a. Guidance for assessing chemical contaminant data for use in fish
advisories. Volume 1: Fish sampling and analysis. Third ed. EPA 823-B-00-007.
US Environmental Protection Agency, Washington, DC.

EPA. 2000b. Supplementary guidance for conducting health risk assessment of
chemical mixtures. EPA/630/R-00/002. Risk Assessment Forum, US
Environmental Protection Agency, Washington, DC.

EPA. 2005a. Aquatic life ambient water quality criteria - nonylphenol. Final. EPA-822-
R-05-005. US Environmental Protection Agency.

EPA. 2005b. Guidance for developing ecological soil screening levels (Eco-SSLs).
OSWER Directive 92857-55. Issued November 2003; revised February 2005
[online]. US Environmental Protection Agency, Washington, DC. Available
from: https:/ /www.epa.gov/sites/production/ files /2015-
09/documents/ecossl guidance chapters.pdf

EPA. 2017. Interspecies correlation estimation. Download model data: chemicals in
aquatics [online]. US Environmental Protection Agency. Updated April 24,
2017. Available from: https:/ /www3.epa.gov/webice/iceDownloads.html.

EPA. 2021. ECOTOXicology database [online database]. US Environmental Protection
Agency, Available from: https://cfpub.epa.gov/ecotox/.

EPA. 1985. Guidelines for deriving numerical national water quality criteria for the
protection of aquatic organisms and their uses. PB85-227049. Office of Research
and Development, US Environmental Protection Agency, Washington, DC.

Gaballah S, Swank A, Sobus JR, Howey XM, Schmid ], Catron T, McCord ], Hines E,
Strynar M, Tal T. 2020. Evaluation of developmental toxicity, developmental
neurotoxicity, and tissue dose in zebrafish exposed to GenX and other PFAS.
Envir Health Persp 128(4):047005-1 - 047005-22.

Giesy JP, Naile JE, Khim JS, Jones PD, Newsted JL. 2010. Aquatic toxicology of
perfluorated chemicals. In: Reviews of Environmental Contamination and
Toxicology. Vol 202. Springer, New York, NY.

. Ecological Risk Assessment
Windward FINAL June 20, 2022

‘environmental LLC 50


https://www.epa.gov/sites/production/files/2015-09/documents/ecossl_guidance_chapters.pdf
https://www.epa.gov/sites/production/files/2015-09/documents/ecossl_guidance_chapters.pdf
https://www3.epa.gov/webice/iceDownloads.html
https://cfpub.epa.gov/ecotox/

Hansen J. 2021. Personal communication (email from J. Hansen, HDR, to K. McPeek,
Windward, and G. Bruce, Intertox, regarding LOTT RWIS - other treatment
options). HDR, Olympia, WA. August 9, 2021.

HDR. 2017a. Groundwater quality characterization (Task 1.1). LOTT Clean Water
Alliance reclaimed water infiltration study. Technical memorandum. HDR,
Olympia, WA.

HDR. 2017b. Surface water quality characterization (Task 1.2). LOTT Clean Water
Alliance reclaimed water infiltration study. Technical memorandum. HDR,
Olympia, WA.

HDR. 2017c. Wastewater and reclaimed water quality characterization (Task 1.3).
LOTT Clean Water Alliance reclaimed water infiltration study. Technical
memorandum. HDR, Olympia, WA.

HDR. 2021. Residual chemical fate and transport analysis (Task 2.1.5). LOTT Clean
Water Alliance reclaimed water infiltration study. Draft technical
memorandum. HDR, Olympia, WA.

Kelly JF, Bridge ES, Hamas M]J. 2009. Belted kingfisher (Megaceryle alcyon), The Birds of
North American Online (Poole, A, Ed.) [online]. Cornell Laboratory of
Ornithology, Ithaca, NY. Available from:
http:/ /bna.birds.cornell.edu/bna/species /084 / articles /introduction.

Kienzler A, Barron MG, Belanger SE, Beasley A, Embry MR. 2017. Mode of action
(MOA) assignment classifications for ecotoxicology: an evaluation of
approaches. Environ Sci Tech 51:10203-10211.

Kurta A. 1995. Mammals of the Great Lakes region. University of Michigan Press, Ann
Arbor, MI.

Larsen DN. 1984. Feeding habits of river otters in coastal southeastern Alaska. ] Wildl
Manage 484:1460-1452.

Lussier SM, Champlin D, LiVolsi ], Poucher S, Pruell R. 2000. Acute toxicity of para-
nonylphenol to saltwater animals. Environ Toxicol Chem 19(3):617-621.

McCarthy C, Kappleman W, DiGuiseppi W. 2017. Ecological considerations of per-
and polyfluoroalkyl substances (PFAS). Curr Pollution Rep 3:289-301.

Melquist WE, Hornocker MG. 1983. Ecology of river otters in west central Idaho. In:
Kirkpatrick RL, ed, Wildlife monographs. Vol 83. The Wildlife Society,
Bethesda, MD, p 60.

MPCA. 2010. Aquatic life water quality standards technical support document for
nonylphenol and ethoxylates. Triennial Water Quality Standard Amendments
to Minn. R. chs. 7050 and 7052. Draft for external review. Minnesota Pollution
Control Agency.

Nagy KA. 2001. Food requirements of wild animals: predictive equations for free-
living mammals, reptiles, and birds. Nutrition Abstracts and Reviews Series B:
Livestock Feeds and Feeding 71(10):21R-31R.

NCBI. 2021. PubMed [online]. National Center for Biotechnical Information, National
Labrary of Medicine. Available from: https:/ /pubmed.ncbi.nlm.nih.gov/.

. Ecological Risk Assessment
Windward FINAL June 20, 2022

‘environmental LLC 51


http://bna.birds.cornell.edu/bna/species/084/articles/introduction
https://pubmed.ncbi.nlm.nih.gov/

Posthuma L, van Gils ], Zijp MC, van De Meent D, de Zwart D. 2019. Species
sensitivity distributions for use in environmental protection, assesment, and
management of aquatic ecosystems for 12,386 chemicals. Environ Toxicol Chem
38(4):905-917.

Prose BL. 1985. Habitat suitability index models: belted kingfisher. Biol Rep 82(10.87).
US Fish and Wildlife Service, Washington, DC.

Salyer JC, II, Lagler KF. 1949. The eastern belted kingfisher, Megaceryle alcyon alcyon
(Linnaeus) in relation to fish management. Trans Am Fish Soc 76:97-117.

Stenson GB, Badgero GA, Fisher HD. 1984. Food habits of the river otter Lutra
canadensis in the marine environment of British Columbia. Can ] Zool 62:88-91.

Thurston County. 1994. McAllister / Eaton Creek comprehensive drainage basin plan.
Thurston County Department of Water and Waste Management Storm and
Surface Water Program, Olympia, WA.

Valsecchi S, Conti D, Crebelli R, Polesello S, Rusconi M, Mazzoni M, Preziosi E, Carere
M, Lucentini L, Ferretti E, Balzamo S, Simeone MG, Aste F. 2017. Deriving
environmental quality standards for perfluorooctanoic acid (PFOA) and related
short chain perfluorinated alkyl acids. ] Haz Mat 5(323):84-98.

Van den Berg M, Birnbaum L, Bosveld ATC, Brunstrém B, Cook P, Feeley M, Giesy JP,
Hanberg A, Hasegawa R, Kennedy S, Kubiak T, Larsen JC, van Leeuwen FXR,
Djien Liem AK, Nolt C, Peterson RE, Poellinger L, Safe S, Schrenk D, Tillitt D,
Tysklind M, Younes M, Waern F, Zacharewski T. 1998. Toxic equivalency
factors (TEFs) for PCBs, PCDDs, PCDFs for humans and wildlife. Environ
Health Perspect 106(12):775-792.

White HC. 1953. The eastern belted kingfisher in the maritime provinces. Bull Fish Res
Board Can 97:1-44.

Wilkinson M, Fawell JK, Whitehouse P, Sutton A. 1997. Proposed environmental
quality standards for nonylphenol in water. Environment Agency, Bristol, UK.

Windward. 2020. Screening-level evaluation for the ecological risk assessment:
problem formulation step of the assessment process. Final. LOTT Clean Water
Alliance Reclaimed water Infiltration Study. Windward Environmental LLC,
Seattle, WA.

Wise MH, Linn IJ, Kennedy CR. 1981. A comparison of the feeding biology of mink
Mustela vison and otter Lutra lutra. ] Zool Lond 195:181-213.

Ying G-G, Kookana RS, Dillon PJ. 2003. Sorption and degradation of selected five
endocrine disrupting chemicals in aquifer material. Water Res 37(15):3785-3791.

Zodrow JM, Frenchmeyer M, Dally K, Osborn E, Anderson P, Divine C. 2021.
Development of per and polyfluoroalkyl substances ecological risk-based
screening levels. Environ Toxicol Chem 40(3):921-936.

. Ecological Risk Assessment
Windward FINAL June 20, 2022

‘environmental LLC 52





