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1. OVERVIEW

1.1 Purpose of the User’s Manual and Model Tool

This document is a user’s manual for the customizable Microsoft Excel™ food web and wildlife exposure
modeling tool (“Model Tool”) for assessing the potential ecological risks associated with exposure to
perfluoroalkyl and polyfluoroalkyl substances (PFAS) for common and threatened and endangered (T&E)
species in terrestrial habitats potentially impacted by aqueous film forming foam (AFFF)'. The Model Tool
(a multi-worksheet Excel™ file) enables ecological risk assessors to enter site-specific data (e.g.,
concentrations of PFAS in soil, surface water, and/or biota), exposure factors for site-relevant wildlife
species of interest, and available toxicological information for common PFAS. Model outputs consist of an
evaluation of the potential for direct effects to terrestrial communities, as well as model-predicted
concentrations of PFAS in food webs and wildlife diet items. The model also features tables that provide
ecological risk assessment (ERA) effects assessment and risk characterization (i.e., hazard quotients) and
other useful information that can facilitate ERA-based decision making.

The Model Tool was based on a current state-of-the-practice overview of available methods, best practices,
and key data gaps presented in the “Guidance for Assessing the Ecological Risks of PFAS to Threatened
and Endangered Species at Aqueous Film Forming Foam Impacted Sites" document (“Guidance
Document”; Conder et al., 2020), available on the ER18-1614 project page (https:/www.serdp-
estcp.org/Program-Areas/Environmental-Restoration/ER18-1614). This Model Tool was developed by
Geosyntec Consultants with funding provided by the Strategic Environmental Research and Development
Program (SERDP).

1.2 T&E Species Focus

This model tool was developed for use with T&E species, although it is also applicable for ecological risk
assessments for common species. The quantitative ecological risk modeling tools, parameters, and
receptors are specifically selected for assessing Federally listed T&E species present at AFFF release sites,
particularly with regard to the characterization of effects, are much more conservative than approaches used
for common species. For example, less conservative (higher) Toxicity Reference Values can be considered
for use in the model to evaluate risks to common species. Please refer to the guidance regarding
modifications that should be considered when focusing on common species.

! A second Model Tool is available for use in aquatic systems on the ER18-1614 project page and includes a
separate User’s Manual.


https://www.serdp-estcp.org/Program-Areas/Environmental-Restoration/ER18-1614
https://www.serdp-estcp.org/Program-Areas/Environmental-Restoration/ER18-1614

1.3 Warning and Disclaimer

Before proceeding further, it is recommended that the reader review the Guidance Document and
confirm whether subsequent (improved) versions of the Model Tool and/or User’s Manual are
available at the URL provided in Section 1.1.

All cells and formulae in the Model Tool can be edited by the user (i.e., they’re unprotected);
therefore, updates to exposure factors, uptake models or toxicity reference values can be made by the
user as data gaps are filled by additional research. However, it is recommended that the user save a
backup (unedited) version of the original file before entering values or modifying parameters,
equations, or algorithms in the model.

This Model Tool is intended to aid in quantitatively evaluating ecological risks from PFAS exposures, and
to enable site managers to make defensible, risk-based management decisions using the best and most
current scientific information and approaches available. This file outlines best practices, recommendations
and suggestions that are based on the current state-of-the-science; it is not intended as regulation or a
binding set of procedures. The user of this model takes full responsibility for the use and application of this
model, including the input values, equations, assumptions and outputs. Therefore, it is recommended that
all aspects of the model be evaluated by an experienced ecological risk assessor, prior to making site-
specific or regulatory decisions.

1.4 Model Uncertainties and Limitations

Ecological risks assessments for PFAS, especially for PFAS beyond PFOS and PFOA, are in their infancy,
and a high degree of uncertainty remains. Specifically, for the Model Tool, the uptake parameters included
in the model are generally based on laboratory studies where model organisms are exposed to PFAS-spiked
media. The use of model organisms may not reflect the same uptake rates as field species as PFAS-impacted
sites. Additionally, the use of spiked media often results in uptake factors higher than those measured in
the field studies due to higher bioavailability of contaminants in fresh versus aged media. As a result, the
Model Tool is considered a conservative estimate of exposure but the uncertainty in over-predicting
exposure is acknowledged. The Model Tool can be used to calculate site-specific risk-based thresholds
however these should not be considered regulatory clean up goals or be used as such without risk
management discussions with stakeholders. Where important site-specific remedial decisions making needs
to be supported, modeled risks estimated should be confirmed in the field. For example, site-specific
bioaccumulation studies with terrestrial or aquatic invertebrates or fish can be performed or samples of
wildlife diet items can be collected and PFAS concentrations measured directly to better estimate exposures
on a site-specific basis. The Model Tool is built with options for including site-specific tissue data to help
refine preliminary risk estimates.

1.5 Remainder of the User’s Manual

The remainder of this User’s Manual presents a step-by-step overview of the features and operations of the
Model Tool and includes an explanation of the main worksheets contained within the Excel™ file.

The references section also includes the citations for all references cited in this User’s Manual and Model
Tool.



The User’s Manual also features two attachments:

e Attachment 1 provides supporting information used to fill data gaps in bioaccumulation uptake
factors applied in the Model Tool.

e Attachment 2 provides a demonstration of the Model Tool using PFAS data from a hypothetical
United States Navy site.

The Model Tool and Guidance Document can be cited as:

Conder, J.; Arblaster, J.; Larson, E.; Brown, J.; Higgins, C. (2020). Guidance for Assessing the Ecological
Risks of PFAS to Threatened and Endangered Species at Aqueous Film Forming Foam-Impacted Sites.
SERDP Project ER18-1614. September.



2. INTRODUCTION, TABLE OF CONTENTS, AND ACRONYMS & ABBREVIATIONS
(WORKSHEETS: INTRODUCTION, TOC, AND A&A)

The first three worksheets in the Model Tool are un-numbered, and consist of the following:

Introduction: The Introduction worksheet contains an overview of the file and critical information
on the applicable version of the Model Tool.

Table of Contents (TOC): The TOC worksheet contains a Table of Contents that provides a guide
to the main model worksheets in the file. Users can input their Site name or model/file name in
cell B2. This entry is carried forward in the remainder of the workbook.

Acronyms and Abbreviations (A&A): The A&A worksheet contains a list of acronyms and
abbreviations used in the Model Tool and User’s Guide.



3. TABLE 1. EXPOSURE FACTORS FOR SELECTED RECEPTORS (WORKSHEETS:
EXPOSURE FACTORS AND EF LOOKUP)

» The first step in applying the Model Tool is to select vertebrate wildlife receptors (birds and
mammals) that will be evaluated in the ecological risk model. Direct risks to terrestrial biota
exposed to impacted soil are included by default and do not require species selection.

In the “Exposure Factors” worksheet (Table 1), the user can select three avian species and three mammalian
species from different feeding guilds from a drop-down menu (see red box in the screenshot below). The
user also defines the “Site Area” in acres (purple box), which will allow the model to generate a site-
specific “Area Use Factor” (AUF)?. If impacted surface freshwater is present at your site, type an “X” in
the green box to direct the model to evaluate the exposure of vertebrate terrestrial wildlife via drinking
surface water. Salinity in freshwater considered suitable for wildlife use as drinking water should be less
than 1 part per thousand. The green box should remain blank if surface water is not present at your site, as
the inclusion of text in the green box will result in the addition of unnecessary columns pertaining to surface
water throughout the workbook.

Test Site #1

Site Area (acres):  [[T0 ]
Table 1: Exposure J‘m ors Tor Selecied Receptors [ Type an "X"in the green box if surface water is present at your site: | X |
Birds Wildiife
Avian Consumer Avian Consumer Avian Consumer Consumer Consumer Consumer
Herbivore insectivore Omnivore) Herbivore) Insectivore Omnivore)
Parameter Parameter Definition Units e S Lo o ———
Willow Ptarmigan Lapland Longspur  |Florida Scrub-Jay (T&E)|  Eastern Cottontail | Short-Tailed Shrew Deer Mouse
Lagopus lagopus Calcarius lapponicus phelocoma Sylvilagus floridanus Blarina brevicauda | Peromyscus maniculatus
coeulescens
BW Body Weight kg 060 003 0.09 113 002 0.02
FIR,, Daiy Food Ingestion Rate (dry matter) ! g, dwiday 008 008 0.12 0.36 001 0.0t
FIR,, Daiy Food Ingestion Rate (wet matier) kg, wwiday 152 027 0.57 065 002 0.02
Preg Proportion of Diet - Vegetation kg diet tem, wwikg diet, ww 093 000 020 1.00 005 065
Poy Proportion of Diet - Soil Invertebrates kg diet item, wwikg diet, ww 0.07 100 0.80 0.00 095 035
P, Proportion of Diet - Sl kg sediment, dwikg diet, dw 0.03 002 0.00 0.02 002 0.02
HR Home Range acres 9.00 430 22,00 198 096 013
AUF Area Use Factor E] proportion 1.000 1000 0.455 1.000 1.000 1.000
DWI Daily Drinking Water Ingestion Rate Liday 0078 0,003 0,013 0110 0,003 0002
o o o
Notes and iations (see Acronyms & table for PFAS names)
dw - dry weight
ww - wet weight
L- lters
kg - kilogram

[1] Dry weight FIR is applied to concentrations of PFAS in soi, generaly reported on dry weight basis

[2] Wet weight FIR is applied to tissue data, generally reported on fresh or wet weight basis

[3] AUF values for receptors were calculated by dividing home range by site area. At some sites for some receptors, it may be more accurate to express AUF with
additional approaches that consider animal foraging strategies at the site.

Details on Threatened & Endangered receptor selection are provided in Section 3.3 and Appendix A of Conder et al. 2019

References for all species-specific exposure factors are provided in the Exposure Factors Lookup Table

2 It should be noted that the model will automatically calculate a “default” AUF for all receptors by dividing the
user-specified Site Area by the receptor’s Home Range. Although this approach generally provides a reasonably
representative AUF value for many receptors, it may not be the most appropriate approach for all species. Therefore,
after site-specific and receptor-specific considerations are made, the user may also opt to provide a modified
equation or AUF value that considers additional species-specific factors and habitat preferences for some receptors.



The receptors available for user selection include examples of T&E species, as well as common species
without any Federally protected status. This approach allows the user to more accurately represent various
site-specific receptor traits, life histories, and/or statuses. Once the desired receptors have been selected by
the user, the key exposure factor parameters inside the blue box in the image above will be pre-filled with
values from the “EF Lookup” worksheet. Note that all the parameters in Table 1 can be supplanted or
revised by the user. For example, if the user wants to use an alternate receptor species other than the Willow
Ptarmigan (or other avian herbivores), one can simply revise the information in that column as desired. The
information for that receptor will be used in the remainder of the worksheet as “Bird 1”. The columns to
the right refer to “Bird 2”and “Bird 3” respectively. The mammals to be modeled are “Mammal 17,
“Mammal 2”, and “Mammal 3”, proceeding left to right.

The “EF Lookup” worksheet (an internal lookup worksheet at the end of the workbook) lists all parameter
values that auto-populate cells inside the blue box in Table 1 following selection of avian and mammalian
receptors from the drop-down menus on the “Exposure Factors” worksheet. The EF Lookup worksheet is
also where users can find references for all exposure parameters, as well as any additional notes pertaining
to a given parameter.



Note: The values in this table are initial suggestions only. Additional efforts should be considered to verify the use of these values with particular site-specific risk assessments, such as consultation of the literature and information cited herein, consideration of site conditions, and consultation with a biologist. Full citations are provided in the User Guidance

RECEPTOR TYPE GUILD Species Parameter |Definition Lookup Code Value Units Reference Notes
AVIAN INSECTIVORE |American Robin BW Body Weight American Robin_BW 0.077 kg USEPA (1993)
AVIAN INSECTIVORE (A i Robi DWI A i Robin_DWI .01 L EPA (1
SECTIVO merican Robin Daily Drinking Water Ingestion Rate merican Robin_ 0.0108 /day us (1993)
AVIAN INSECTIVORE |American Robin FIR4w Daily Food Ingestion Rate (dry American Robin_FIRdw 0.012 kg, dw/day Nagy (2001) Calculated using DW allometric equation for Passerine birds from Nagy et al. 2001; see Nagy FIR variables tab for formulas
matter)
AVIAN INSECTIVORE |American Robin FIR yw Daily Food Ingestion Rate (wet American Robin_FIRww 0.034 kg, ww/day Nagy (2001) Calculated using WW allometric equation for Passerine birds from Nagy et al. 2001; see Nagy FIR variables tab for formulas
matter)
AVIAN INSECTIVORE |American Robin HR Home Range American Robin_HR 2.0 Acres USEPA (1993) Foraging HR for fledglings (0.81 hectares) reported in USEPA (1993)
AVIAN INSECTIVORE |American Robin Pinv Proportion of Diet - Invertebrates American Robin_Pinv 0.900 kg diet item, ww/kg diet, |Assumed; USEPA (1993) Forage for invertebrates and fruits in shrubs and low tree branches; proportion assumed based on dietary information provided in USEPA
ww (1993); assumed 90% invertebrates.
AVIAN INSECTIVORE |American Robin Pes Proportion of Diet - Soil American Robin_Pso 0.104 kg soil, dw/kg diet, dw |Assumed; Beyer et al. (1994) Assumed based on soil consumption rates of American Woodcock
AVIAN INSECTIVORE |American Robin Pyeg Proportion of Diet - Vegetation American Robin_Pveg 0.100 kg diet item, ww/kg diet, |Assumed; USEPA (1993) Forage for invertebrates and fruits in shrubs and low tree branches; proportion assumed based on dietary information provided in USEPA
ww (1993); assumed 10% fruit/plants.
MAMMALIAN [INSECTIVORE |Buena Vista Lake Shrew (T&E) BW Body Weight Buena Vista Lake Shrew (T&E) BW 0.005 kg NatureServe Explorer, 2020 https://explorer.natureserve.org
MAMMALIAN  [INSECTIVORE |[Buena Vista Lake Shrew (T&E) DWI . L . Buena Vista Lake Shrew (T&E)_DWI 0.0011 L/day USEPA (1993) Based on the water ingestion rate of the Short-Tailed Shrew
Daily Drinking Water Ingestion Rate
MAMMALIAN  [INSECTIVORE |Buena Vista Lake Shrew (T&E) FIR4w Daily Food Ingestion Rate (dry Buena Vista Lake Shrew (T&E)_FIRdw 0.001 kg, dw/day Nagy (2001) Calculated using DW equation for rodentia from Nagy et al. 2001; see Nagy FIR variables tab for formulas
matter)
MAMMALIAN |[INSECTIVORE |Buena Vista Lake Shrew (T&E) FIR,w |Daily Food Ingestion Rate (wet Buena Vista Lake Shrew (T&E) FIRww 0.002 kg, ww/day Nagy (2001) Calculated using WW allometric equation for rodentia from Nagy et al. 2001; see Nagy FIR variables tab for formulas
matter)
MAMMALIAN [INSECTIVORE |Buena Vista Lake Shrew (T&E) HR Home Range Buena Vista Lake Shrew (T&E) HR 0.091 Acres Assumed; NatureServe Explorer, Ornate Shrew (similar size) used as a surrogate; average home range in California (https://explorer.natureserve.org)
2020
MAMMALIAN |[INSECTIVORE |Buena Vista Lake Shrew (T&E) Pinv Proportion of Diet - Invertebrates Buena Vista Lake Shrew (T&E)_Pinv 1.000 kg diet item, ww/kg diet, JAssumed; NatureServe Explorer, Assumed based on feeding guild and dietary information in NatureServe Explorer; consult additional literature for more information
ww 2020
MAMMALIAN [INSECTIVORE |Buena Vista Lake Shrew (T&E) Pso Proportion of Diet - Soil Buena Vista Lake Shrew (T&E) Pso 0.024 kg soil, dw/kg diet, dw |Assumed; USEPA (1993) Based on reported values for Meadow Vole
MAMMALIAN |INSECTIVORE |Buena Vista Lake Shrew (T&E) Pyeg Proportion of Diet - Vegetation Buena Vista Lake Shrew (T&E) Pveg 0 kg diet item, ww/kg diet, |Assumed; NatureServe Explorer, Assumed based on feeding guild and dietary information in NatureServe Explorer; consult additional literature for more information
ww 2020
AVIAN INSECTIVORE [Coastal California Gnatcatcher (T&E) BW Body Weight Coastal California Gnatcatcher (T&E)_BW 0.006 kg NatureServe Explorer, 2020 https://explorer.natureserve.org
AVIAN INSECTIVORE |Coastal California Gnatcatcher (T&E) DWI . . . Coastal California Gnatcatcher (T&E)_DWI 0.00084 L/day USEPA (1993) Based on the water ingestion rate of the American Robin
Daily Drinking Water Ingestion Rate
AVIAN INSECTIVORE |Coastal California Gnatcatcher (T&E) FIR 4w Daily Food Ingestion Rate (dry Coastal California Gnatcatcher 0.0021 kg, dw/day Nagy (2001) Calculated using DW allometric equation for Passerine birds from Nagy et al. 2001; see Nagy FIR variables tab for formulas
matter) (T&E) FIRdw
AVIAN INSECTIVORE |Coastal California Gnatcatcher (T&E) FIR,w |Daily Food Ingestion Rate (wet Coastal California Gnatcatcher 0.0072 kg, ww/day Nagy (2001) Calculated using WW allometric equation for Passerine birds from Nagy et al. 2001; see Nagy FIR variables tab for formulas
matter) (T&E)_FIRww
AVIAN INSECTIVORE |Coastal California Gnatcatcher (T&E) HR Home Range Coastal California Gnatcatcher (T&E)_HR 4.0 Acres NatureServe Explorer, 2020 https://explorer.natureserve.org; low end of typical range for California gnatcatcher
AVIAN INSECTIVORE [Coastal California Gnatcatcher (T&E) Pinv Proportion of Diet - Invertebrates Coastal California Gnatcatcher (T&E)_Pinv 1.000 kg diet item, ww/kg diet, JAssumed; NatureServe Explorer, Assumed 100% invertebrate diet based on feeding guild and dietary information in NatureServe Explorer; consult additional literature for
ww 2021 more information
AVIAN INSECTIVORE |Coastal California Gnatcatcher (T&E) p- Proportion of Diet - Soil Coastal California Gnatcatcher (T&E) Pso 0 kg soil, dw/kg diet, dw |Assumed; NatureServe Explorer, Assumed not to consume soil based on feeding strategies described in NatureServe Explorer profile
2023
AVIAN INSECTIVORE |Coastal California Gnatcatcher (T&E) Pyeg Proportion of Diet - Vegetation Coastal California Gnatcatcher (T&E)_Pveg 0 kg diet item, ww/kg diet, |Assumed; NatureServe Explorer, Assumed based on feeding guild and dietary information in NatureServe Explorer; consult additional literature for more information
wWw 2020
MAMMALIAN |OMNIVORE Deer Mouse BW Body Weight Deer Mouse_BW 0.015 kg USEPA (1993) Minimum mean body weight for adults reported for Deer Mice
MAMMALIAN [OMNIVORE Deer Mouse DWI Daily Drinking Water Ingestion Rate Deer Mouse_DWI 0.003 L/day USEPA (1993)
MAMMALIAN |OMNIVORE Deer Mouse FIR4 Daily Food Ingestion Rate (dry Deer Mouse_FIRdw 0.0027 kg, dw/day Nagy (2001) Calculated using DW equation for rodentia from Nagy et al. 2001; see Nagy FIR variables tab for formulas
matter)
MAMMALIAN |OMNIVORE Deer Mouse FIR yw Daily Food Ingestion Rate (wet Deer Mouse_FIRww 0.0061 kg, ww/day Nagy (2001) Calculated using WW allometric equation for rodentia from Nagy et al. 2001; see Nagy FIR variables tab for formulas
matter)
MAMMALIAN |OMNIVORE Deer Mouse HR Home Range Deer Mouse_HR 0.150 Acres USEPA (1993) Average of values reported for Deer Mice (male and female)
MAMMALIAN |OMNIVORE Deer Mouse Pinv Proportion of Diet - Invertebrates Deer Mouse_Pinv 0.350 kg diet item, ww/kg diet, |USEPA (1993) Assumed 35% invertebrate diet based on dietary information in USEPA Wildlife EFH; Principally eat seeds, arthropods, some green
ww vegetation, roots, fruits, and fungi as available; opportunistic omnivores with highly variable diets.
MAMMALIAN |OMNIVORE Deer Mouse P Proportion of Diet - Soil Deer Mouse_Pso 0.020 kg soil, dw/kg diet, dw  |Assumed; USEPA (1993) Based on reported values for White-Footed Mice
MAMMALIAN |OMNIVORE Deer Mouse Pveg Proportion of Diet - Vegetation Deer Mouse_Pveg 0.650 kg diet item, ww/kg diet, |USEPA (1993) Principally eat seeds, arthropods, some green vegetation, roots, fruits, and fungi as available; opportunistic omnivores with highly
ww variable diets; assumed 65% vegetation.
MAMMALIAN |HERBIVORE Eastern Cottontail BW Body Weight Eastern Cottontail BW 1.130 kg USEPA (1993) Minimum mean body weight reported.
MAMMALIAN |HERBIVORE Eastern Cottontail DWI Daily Drinking Water Ingestion Rate Eastern Cottontail_DWI 0.110 L/day USEPA (1993)
MAMMALIAN |HERBIVORE |Eastern Cottontail FIR4w Daily Food Ingestion Rate (dry Eastern Cottontail _FIRdw 0.077 kg, dw/day Nagy (2001) Calculated using DW equation for rodentia from Nagy et al. 2001; see Nagy FIR variables tab for formulas
matter)
MAMMALIAN |HERBIVORE Eastern Cottontail FIR yw Daily Food Ingestion Rate (wet Eastern Cottontail _FIRww 0.255 kg, ww/day Nagy (2001) Calculated using WW allometric equation for rodentia from Nagy et al. 2001; see Nagy FIR variables tab for formulas
matter)
MAMMALIAN |HERBIVORE |Eastern Cottontail HR Home Range Eastern Cottontail_HR 7.4 Acres USEPA (1993) Based on the average reported home ranges for adult
MAMMALIAN |HERBIVORE Eastern Cottontail Pinv Proportion of Diet - Invertebrates Eastern Cottontail_Pinv 0 kg diet item, ww/kg diet, |USEPA (1993) Assumed based on feeding guild and dietary information reported in USEPA (1993) - herbaceous plants, woody vines, shrubs, and trees.
ww
MAMMALIAN |HERBIVORE |Eastern Cottontail P Proportion of Diet - Soil Eastern Cottontail_Pso 0.063 kg soil, dw/kg diet, dw |USEPA (1993) Based on soil ingestion rate of jackrabbit (Table 4-5).
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4. TABLE 2. BIOACCUMULATION PARAMETERS (WORKSHEET: BIOACCUMPARAMS)

»> The second step in applying the Model Tool is to consider the food web modeling parameters
that will be used to predict concentrations of PFAS in the diet items of wildlife receptors
(birds and mammals) that are being evaluated by the ecological risk model.

The Table 2 “BioaccumParams” worksheet contains experimentally determined bioaccumulation factors
(BAF) and biota soil accumulation factors (BSAF) that have been published in the peer reviewed literature
and recommended for use in modeling in the Guidance Document. Users should review the Guidance
Document for details on the full selection of parameters evaluated, the selection process and criteria and
full references to the supporting information. Additionally, the user is encouraged to consider alternate
model parameters from additional resources (i.e., Gobas et al. (2020) and Zodrow et al. (2020), as discussed
in the Guidance), or the use of site-specific uptake factors. For example, if site-specific BSAFs are
developed as part of Remedial Investigations, these can be entered into the model in the BSAF table,
however users should be cautious to enter uptake factors in the same units currently used in the model to
avoid calculation errors.. The bioaccumulation parameters identified in Table 2 will be used to model site-
specific concentrations in biota (on a nanogram per kilogram of body weight [ng/kg ww] basis) in
subsequent steps.

Due to current gaps in knowledge, experimentally derived values are not available for all parameters in
the “BioaccumParams” table for several PFAS. As an alternative, the user can opt to fill certain data gaps
with Quantitative Structure Activity Relationship (QSAR)-modelled or read-across bioaccumulation
parameters (i.e., BAFs, BSAFs) by typing “Yes” in the green shaded cell at the top of Table 2 (identified
by the green highlighted cell in the image below). When the option to apply QSAR-modeled parameters
is selected, a surrogate value derived using the technical approaches described in Attachment 1 is applied
for plants and invertebrates.



Test Site &1 “ "
Table 2; Bicaccumulation Parameters Type yes In the green
:)::z‘l:sl_n::afil; it:sﬂ.:f;::i;l:lld bicaccumulaton parameters o all yes Shaded Ce" to replace data
Plant Invertebrates gaps with QSAR-modeled
Sail to Terreswial Plant Soll to Terrestrial Invertebrate values
BAF-TP BSAF-TI
(8.0CIg. ww) (. ©Cig, ww)
PFAS Value | Source Value | Source

FFCAs
PFBA 0.22 Blaine et al., 2013 0.0019 a
PFPeA 13 Zhao el al, 2014 0.0034 Zhao et al, 2014
PFHxA 0.81 Zhao et al 2014 0011 Thao et al., 2014
PFHpA 0.084 Zhao et al., 2014 0.2 Zhao et al, 2014
PFOA 0.017 Zhao et al, 2014 0.047 Zhao et al., 2014
FFHA 0.012 Zhao et al, 2014 0.091 Zhao et al, 2014
PFDA 0.0084 Zhao et al , 2014 0.26 Zhao et al, 2014
PFURDA 0.0076 Zhao € al., 2014 0.39 Znao et al, 2014
PFDoDA 0.0067 Thao et al, 2014 051 Zhao et al., 2014
PFTDA 0.00408 b 1.8 a
PFTeDA 0.0039 b 38 2
FPF5As
PFBS 0.40 Zhao et al, 2014 0.082 Zhao et al., 2014
PFHxS 0.087 Thao & al , 2014 0.34 Zhao et al, 2014
PFOS 0.046 Zhao & al., 2014 0.55 Zhao et al., 2014
PFDS 0.0018 Blaine et al 2013 0m7 Rich et al | 2015
FASAs
PFOSA | 003 [sizkarguenagaetal. 2016] 055 | c
EtFASAAs and MeFASAAS
N-EtFOSAA [ ooss | c | o084 | Zhouetal 2018
N-MeFOSAA | oo | c [ oss | c

Notes and Abbreviations (see Acromymns & Abbreviabions fable for PFAS nameés)
g- gram

0GC - Organic carbon

ww - wet weight

BAF - Bipaccumulation Faclor

BSAF - Biota Soil Accumulation Factor

Supporting information for recommended bicaccumulation valuwes are provided in Table 2c of Conder et al

imﬁgﬁﬂF Tl calculated from log10 regression on BSAF.T far PFCAs

b: BSAF-TP cak ulated from log10 regression of BSAF-TP for long-chain PFCAS

b: PFOS used as a sumogate for FASAS and FASAAS
When the option to apply QSAR-modeled parameters is selected, a surrogate value is applied to precursor
compounds (PFOSA, N-EtFOSAA, and N-MeFOSAA). Surrogate values used for precursor compounds
were assumed to be equal to those of PFOS for each type of bioaccumulation parameter for several reasons.
These include the potential for all three compounds to fully or partially transform to PFOS under certain
environmental conditions, as well as laboratory evidence that tentatively suggests these compounds have
similar bioaccumulative potentials to that of PFOS under controlled conditions (reviewed in Martin et al.,
2010). It is important to note that there is no established scientific consensus regarding the selection of
alternative PFAS as surrogates for predicting bioaccumulation of closely related and/or precursor
compounds. Therefore, caution should be exercised when using modeled values as a basis for site-specific

decision making and may be best applied as part of sensitivity analyses.

If the user does not type “yes” in the green shaded cell, the bioaccumulation parameters for which no
experimentally derived values are available will remain blank and predictions for these PFAS will be
unavailable for some of the biota. This may result in a potential underestimation of concentrations of PFAS
in the food web diet items and subsequent calculations for estimating exposure and risks to wildlife, as
noted in subsequent sections.

Please note: There is a hidden row (Row 1) at the top of the “BioaccumParams” worksheet that contains
values supporting model formulae. This row should not be modified or deleted by the user, or a loss in
model functionality may occur. Adding or deleting columns from this worksheet will also result in a loss
of model functionality.



5. TABLE 3. SITE-SPECIFIC DATA INPUT (WORKSHEET: DATA INPUT & FWM)

» The third step in applying the Model Tool is to enter in available site-specific measurements
to facilitate the calculation of PFAS in diet items for the wildlife receptors (birds and
mammals) addressed in the ecological risk model.

The “Data Input & FWM” worksheet is where the user will enter the results of environmental sampling
conducted at the site of interest, including physical parameters (total organic carbon), and concentrations
of PFAS measured in abiotic media (e.g., soil and surface water) and biotic media (i.e., tissues), where
available.

Concentrations of PFAS and TOC in soil are required model entry values in Table 3, while PFAS
concentrations in surface water are optional:

e Under the header “Seil,” the user should enter concentrations of PFAS into the “Site Specific
Value” column of Table 3, using the units nanograms per kilogram of dry weight (ng/kg dw).
Laboratories often report concentrations of PFAS in soil as micrograms per kilogram (ug/kg),
which would require conversion before entering data, specifically, multiplication of the ug/kg
values by 1000. A “Basis” column, in which the origin of the site-specific soil PFAS concentrations
can also be noted (e.g., maximum value [Max], 95% upper confidence limit [95 UCL]), is also
included under the “Soil” heading as a bookkeeping measure for the user.

e If surface water is present at the site, a format similar to that of soil is used to enter surface water
PFAS concentrations; however, the user should take care to enter water concentrations in
nanograms per liter (ng/L). If the user indicates that surface water is not present on the exposures
factor tab, columns pertaining to surface water will not appear on the Data Input & FWM tab.

e Users must enter a site-specific value for the fraction organic carbon (kg OC/kg, soil, dw) in the
green shaded cell at the top of Table 3 (identified by the green cell in the image below).

e Ifa User is including site-specific tissue data for use in the model, the data must be entered as
nanograms per kilogram of wet weight (ng/kg ww).

Measured concentrations of PFAS in biota are not required for the model; however, in the event that
measured data are available for a site, values can be entered into the “Site Specific Value” columns under
the appropriate receptor type headings (i.e., terrestrial plant, soil invertebrate) in the model. Regardless of
whether measured concentrations are entered into Table 3, the model will generate predicted PFAS
concentrations for each receptor type, although if a measured value is available, the models will use the
measured value instead of the model-predicted values in subsequent calculations.
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Test Site #1

Ira:!figﬁ g:;':rﬁ?égfb%a;?fg"&;;dsz%d‘:“b Model 001 d Enter a site-specific value for percent organic
Basis Average ! carbon in the green shaded cell
Soil Terrestrial Plant Soil Invertebrate Surface Water
Analyte
Site- Site- Modele| Site- Modeled Site-

Specific | Basis | Specific |d Value| Specific #° | Specific | Basis

Value " Value'" 3 Value'" el Value ™
PFCAs (ng/kg dw) ng/kg ww) (ng/kg ww) 8 (ng/l)
PFBA 1000 |95 UCL 22 nia 10 95 UCL
PFPaA 1000 Max 125 0.21 10 Masx
PFHxA 1000 IMax 100 81 100 0.71 10 Max
PFHpA 1000 Max 0.94 075 10 Max
PFOA 40000000 |95 ucl] 100 6800 [ 1000 120000 [ 400000 [ 95 UCL
PFNA 1000 |95 UCL 0.12 57 10 95 UCL
PFDA 1000 Max 0.083 16 10 Max
PFURDA 1000 |95 UCL 0.076 24 10 95 UCL
PFDoDA 1000 Max 0.067 38 10 Max
PFTrDA 1000 IMax nia nia 10 Mas
PFTeDA 1000 Max | 10000 nia 10000 nia 10 Max
PFSAs
PFBS 1000 |95 Ucl 4 1 58 10 95 UCL
PFHxS 1000 IMax 100 0.87 21 10 Mas
PFOS 400000000 | 95 UCL] 184000 14000000 [ 4000000 | 95 UCL
PFDS 1000 Max 0018 017 10 Masx
FASAs
PFOSA 1000 [ Max | 033 | | _na 10 | Max
EtFASAAs and MefFASAAs
N-EtFOSAA 1000 [95ucll  fooo na | 1000 | 084 10 95 UCL
N-MeFOSAA 1000 Max na_| | nia 10 Max

Notes and Abbreviations (see Acronyms & Abbreviations table for PFAS names):
ng - nanograms

kg - kilograms

L - lters

dw - dry weight

ww- wet weight

[1] Data must be added in provided units

[2] Modeled value = Soil Concentration (OC normalized) x BAF-TP

[3] Modeled value = Soil Concentration (OC normalized) x BSAF-TI

Uptake models are described in detail in Section 3.3 of Conder et al. 2019

If the user did not type “Yes” on the Table 2 (Bioaccumulation Parameters) worksheet, some predictions
for PFAS in terrestrial plants and soil invertebrates will be listed as “n/a” and treated as zeros (i.e., no
PFAS) in subsequent calculations. In these cases, concentrations of PFAS in diet items may be potentially
underestimated, as indicated by the appearance of a “PU” note adjacent to the model-predicted values in
subsequent tables. In cases where measured PFAS values in food web items (i.e., terrestrial plants or soil
invertebrates) have been entered into the green cells, subsequent model calculations will preferentially use
the measured value, and no PU note will be added.
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6. TABLE 4. EXPOSURE POINT CONCENTRATIONS FOR ALL MEDIA (WORKSHEET:
EPCS)

» The fourth step in the Model Tool summarizes the available site-specific measurements and
model predictions that will be used as Exposure Point Concentrations (EPCs) in the exposure
modeling for wildlife receptors (birds and mammals) performed in the remainder of the
ecological risk model.

The “EPCs” worksheet provides the user with a printer friendly summary of EPCs for PFAS in various
environmental media at the site. While Table 4 does not require any user input, it serves as a lookup table
that is referenced in a number of equations in subsequent steps of the model. Table 4 populates cells using
values from the “Data Input & FWM” worksheet (Table 3). In the event that measured site-specific PFAS
concentrations were provided by the user in previous steps, those values will be preferentially selected for
inclusion in Table 4. Remaining cells will be populated with modeled values from Table 3.

Users should be aware that while the uptake factors in the Modeling Tool represent the current state-of-the-
science, limited validation of the current Model Tools has been performed. This is due to the limited scope
of the current project and the limited number of AFFF site investigations featuring sufficient data to conduct
a robust assessment of model accuracy. Additional validation would improve confidence in the accuracy
and conservatism of the model predictions. As with any modeling process within ecological risk
assessment, users should consider and acknowledge uncertainty in modeled EPCs as part of evaluating
risks, and carefully consider the need for model validation prior to final decision making.

Please note: There is a hidden row (Row 1) at the top of the “EPCs” worksheet that contains values
supporting model formulae. This row should not be modified or deleted by the user, or a loss in model
functionality may occur. Adding or deleting columns from this worksheet will also result in a loss of
model functionality.

12



Test Site #1

Table 4: Exposure Point Concentrations for All Media

Analyte Soil EPC Terrestrial Plant EPC |Terrestrial Invertebrate EPC |Surface Water
EPC
Value Basis ! Value Basis !

PFCAs (ng/kg, dw) (ng/kg, ww) (ng/kg, ww) (ng/L)

PFBA 1000.0 2.2 Modeled n/a n/a 10.0

PFPeA 1000.0 12.5 Modeled 0.2 Modeled 10.0

PFHxA 1000.0 5000.0 Measured| 600000.0 Measured 10000.0

PFHpA 1000.0 0.9 Modeled 0.8 Modeled 10.0

PFOA 400000.0 100.0 Measured| 50000000.0 Measured 400000.0

PENA 40000.0 0.1 Modeled 5.7 Modeled 10.0

PFDA 1000.0 0.1 Modeled 16.0 Modeled 10.0

PFUNDA 1000.0 0.1 Modeled 24.0 Modeled 10.0

PFDoDA 1000.0 0.1 Modeled 38.0 Modeled 10.0

PFTrDA 1000.0 n/a n/a n/a n/a 10.0

PFTeDA 1000.0 10000.0 Measured 10000.0 Measured 10.0

PFSAs

PFBS 1000.0 4.0 Modeled 1.0 Measured 10.0

PFHxS 1000.0 100.0 Measured 21.0 Modeled 10.0

PFOS 100000.0 184000.0 Modeled | 700000000.0 [ Measured 4000000.0

PFDS 1000.0 0.0 Modeled 0.2 Modeled 10.0

FASAs

PFOSA [ 1000.0 0.4 Modeled n/a n/a 10.0

EtFASAAs and MeFASAAs

N-EtFOSAA 1000.0 1000.0 Measured 1000.0 Measured 10.0

N-MeFOSAA 1000.0 n/a n/a n/a n/a 10.0

Notes and Abbreviations (see Acronyms & Abbreviations table for PFAS names):

dw - dry weight

EPC - exposure point concentration

kg - kilogram

L - liters

ng - nanograms
ww - wet weight

[1] Table selects for Site-specific empirical data over modeled values where available.
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7. TABLES S & 6. TOXICITY REFERENCE VALUES FOR BIRDS AND MAMMALS
(WORKSHEETS: TRVS_BIRDS AND TRVS_ MAMMALS)

» The fifth step in applying the Model Tool is to review and select PFAS toxicity benchmarks
for comparison with wildlife (birds and mammals) exposure estimates.

Worksheets “TRVs_ birds” and “TRVs_mammals” contain a range of low and high toxicity reference
values (TRVs) reported in the literature for various PFAS. TRVs in Tables 5 and 6 will be used to generate
hazard quotients for avian (Table 5) and mammalian (Table 6) receptors at AFFF impacted sites in
subsequent steps of the model. The tables also provide the basis upon which each of the TRVs was
established, as well as the source from which the value was retrieved (in their respective “Reference”
columns). Additionally, the user is encouraged to consider alternate model parameters from additional
resources (i.e., Gobas et al. (2020) and Zodrow et al. (2020), as discussed in the Guidance).

While a range of TRVs are available for mammalian receptors exposed to various PFAS, a significant
number of data gaps still exist. This is particularly true for avian receptors, as evidenced by the lack of
TRVs for most PFAS (Table 5). The lack of reliable TRVs for PFAS complicates the process of evaluating
potential risks to ecological receptors. Users may opt to provide their own TRVs in the “User Input TRV
Value” columns in Tables 5 and 6 values (an adjacent column for any notes/rationale that may accompany
the user-selected TRV is also provided).

Tables 5 & 6 also provide the user with an option to apply “read across” surrogate TR Vs (derived for other
PFAS) to some or all of the PFAS that do not have available TRVs:

e For avian receptors (Table 5), the user can opt to apply the avian TRV for PFOS to the three
precursor compounds (i.e., PFOSA, N-EtFOSAA, and N-MeFOSAA) by typing “Yes” in the green
highlighted cell at the top of Table 5. Surrogate TRVs are not substituted for other PFAS with
missing values, due to the paucity of reliable TRVs available for avian receptors.

e For mammalian receptors, typing “Yes” in the similarly placed green highlighted cell at the top of
Table 6 will prompt the model to apply surrogate mammalian TRVs for all missing values (i.e., not
just precursors) in Table 6. Mammalian surrogate TRVs were selected by examining TRVs from
PFCAs or PFSAs (whichever is appropriate) with perfluorocarbon chain lengths ofn+ 1 andn— 1
(where n = the number of carbons in the PFAS of interest) and selecting the more conservative (i.e.,
lower) of the two measured TRV values.

It is important to note that TRVs for individual PFAS may vary by orders of magnitude in relation to one
another. Thus, while applying available TRVs for PFAS as surrogates for those missing values helps to
provides some estimate of risk for PFAS for which a measured TRV is unavailable, this approach also
introduces an additional source of uncertainty into the overall hazard evaluation. There is little scientific
basis or precedent for the approaches used to derive the surrogate TRVs; therefore, the user should exercise
appropriate professional caution and use professional judgement when selecting whether or not to apply
surrogate values in the model. This approach is best used as a sensitivity analysis rather than primary risk
estimate for decision making, and should include a thorough discussion of the inherent uncertainty involved
when applied.
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Type “yes” in the green shaded cell to apply

Test Site #

Table 6: Toxicity Reference Values- Mammals the mammalian TRV for PFOS as a surrogate
OPTIONA L- To apply the TRVs for PFOS to all data gaps type “Yes™ in green call Yoo
TRY for Mammals (m gikg-day
User Input TRV
HREhE LowTRV Basis Reference High TRV Basis Reference ?;:,’J,Tﬁ: Value Notes or
Rationale
PFCAs
PFBA 1] Mo efiect on growth {bodyweight) in rats wan Oterdiik (2007h) - - -
FFreA 30 ‘Surrogate - PFHA - 200 ‘Sumogate - PRHA -
PFHA 2 No effect on sunivalin rats Kiaunig et al. (2015) w0 % m"‘”m’"sﬁ;:c se sl e stal (2019),
PFHpA 1.3 Sumogate - PFOA - 14 Sumogate - PROA -
PFOA 13 No efiect on growth (bodyweight) in 13t Bunhoffetal. (2012) 14 1':F""w"‘”{;’ﬁ"ﬁ?hd;“i"af; ngroat | g enhofetal (2012)
) ) B 45% control-adjusted decreasein
PFNA 083 Mo effect on reproduction (£ live pups) in mice Wolfet al. 2010} 1.1 5on (£ live pups) in mice Wolfetal. (2010}
) . y By 23% control-adjused decrease in growth
PFDA 01 [Nesfecton 9'““:‘,;&:::‘:":32‘29"‘ per liter)in | 41 rris and Bimbaum (1983)] 8.4 || (fetal bodyweight perfitier) in pregnant | Harris and Birbaum (1985)
mice
; Mo effect on growth (body weight in adults and - ’ 12-19% control-adjusted decrease in . -
PFUNDA 03 ey Takahzshi stal (2014) 1 e e Takshashi et sl (2014)
B 20-40% control-adjusted decreasein
PFDoDA 05 Moeffecton Qw“gz‘p{sﬁﬁ;‘;@"‘ n adults and Kam etal. (2015) 25 Jorowt (bodywsightin adults and pugs) in Katoetal, (2015)
Eis
PFTrDA 0.5 Surrogse - PFDoDA - 25 Sumogats - PFOoDA -
Mo effect on growth (body weight in adults and M . ; 8-18% contobadjusted decresss n T 15
FFTeDA 3 pups) in rats Hirats-Hoizumiet al. (2015) 10 growh (body weight of pups) in ras Hirata-Hoizumi et al. (2015)
PFEAs
PFES 200 Mo efiect on growth (bodywsight) in 13t Lisder =t al. (20058) topp || 5% contiobadjusied decressein grouth Liedsr et al. (20056)
g yieg - {bodyweight) inrats -
P . y B ’ 14% control-adjusted decreasein ’
PFH:S 0.3 Mo effect on reprodu ction (liter size) n mice Chang et al. (2018) 1 reproducton (iter Szs) in mice Chang et al. (2018)
. . 14% control-adjused decresse in growth -
L . 005 005
PROS 0.1 Mo effect on growth (body weight gain) inrats Lusbk=ret al. (2005) 0.4 (bodyweight gain) in mice Lusbker =t al. (2005)
PFDS 01 Sumogate - PFOS - 0.4 Sumogate - PROS -
FASAs
PROSA 01 Sumogate - PFOS - 0.4 Sumogate - PROS - | |
EFASAAs and MeFASAAs
MNEtFDSAA 01 Sumogate - PFOS - Sumogate - PROS -
MMeFDSAA 01 ‘Sumogate - PFOS - 0.4 ‘Sumogate - PROS -
Nores and i [ses A yms & iafions fble for PRFAS names):

TRV - Tosdeity Re@rance Valus
mgkg-day - milligrams per kilogram body weight per day
Detsils and iull reerences for all TRV's can be found in Secfion 3.4 and Appendix C of Conder et al. 2019,
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8. TABLE 7. DIRECT CONTACT EXPOSURES (WORKSHEET: DIRECT CONTACT
EXPOSURES)

» The sixth step in applying the Model Tool is to evaluate the potential for direct effects for
terrestrial life, such as soil invertebrates and plants.

The “Direct Contact Exposures” worksheet provides a quantitative evaluation of the potential for direct
effects of PFAS in soil to terrestrial biota, based on a comparison between the concentration of individual
PFAS in impacted soil and toxicity reference values (TRVs) for terrestrial plants and soil invertebrates. At
the time of model development, the only TRVs available for terrestrial plants and soil invertebrates are No
Observable Effect Concentrations (NOECs) for PFOA and PFOS. Additional TRVs will be added to
subsequent versions of the model as they become available; therefore, it is very important that users check
the project website for the latest version of the model. Additionally, the user is encouraged to consider
alternate terrestrial life risk-based concentrations from additional resources (i.e., Gobas et al. (2020) and

Zodrow et al. (2020), as discussed in the Guidance).

. Terrestrial Invertebrates Terrestrial Plants
Analyte Soil EPC
(ng/kg, dw)
NOEC Study HQ® NOEC Study HQ®
PFCAs (ng/kg ww) (ng/kg ww)
PFBA 1000.00 - - - -
PFPeA 1000.00 - - - -
PFHXA 1000.00 - - - -
PFHpA 1000.00 - - __ -
PFOA 400000.00 1.00E+07 He et al., 2013 4.0E-02 8.40E+07 Zhou et al., 2016 4.8E-03
PFNA 40000.00 - - - -
PFDA 1000.00 -- -- - --
PFUNnDA 1000.00 - - - -
PFDoDA 1000.00 - - - -
PFTrDA 1000.00 - - - -
PFTeDA 1000.00 - -- -- --
PFSAs
PFBS 1000.00 - - - -
PFHxS 1000.00 - - - -
PFOS 100000.00 8.00E+07 Xu et al., 2013 1.3E-03 3.90E+06 Brignole et al., 2003 2.6E-02
PFDS 1000.00 - - - -
FASAs
PFOSA 1000.00 - - -- -
EtFASAAs and MeFASAAs
N-EtFOSAA 1000.00 - - - -
N-MeFOSAA 1000.00 - - - -

Notes and Abbreviations (see Acronyms & Abbreviations table for PFAS names):
NOEC - No Observable Effect Concentration

EPC - Exposure Point Concentration
HQ - Hazard Quotient

[1] Additional details on soil NOEC derivation in Section 3.4.5 of Conder et al. 2019.
[2] Hazard Quotients are calculated as EPC/NOEC; HQ greater than 1 are shown in Bold
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9. TABLESS,9,10,11, 12, AND 13. EXPOSURE ASSESSMENT AND HAZARD
CHARACTERIZATION- BIRDS (WORKSHEETS: BIRD1, BIRD2, BIRD3) AND
MAMMALS (WORKSHEETS: MAMMAL1, MAMMAL2, MAMMAL 3)

» The seventh step in applying the Model Tool is to evaluate the potential for risks to avian and
mammalian wildlife receptors.

Worksheets “Bird1” through “Bird3” and “Mam]1” through “Mam3” provide estimates of the total daily
PFAS intake (TDI) that user-specified avian and mammalian receptors are exposed to via consumption of
various dietary items (i.e., soil, surface water, terrestrial vegetation, soil invertebrates).

TDIs are calculated using EPCs from Table 4 (on the “EPCs” worksheet), species-specific exposure
parameters retrieved from Table 1 (on the “Exposure Factors” Worksheet), and the exposure model detailed
on the worksheets®. In addition to providing numerical TDI estimates in Tables 8, 9, 10, 11, 12, and 13,
the model also generates a stacked bar chart (located on worksheet “Figurel — TDI”) that provides the user
with a visual representation of the relative contribution of individual PFAS to an organism’s overall
exposure.

Following the derivation of TDIs, the model will generate HQs by comparing TDIs with TRV from Table
5 (on the “TRVs_birds” worksheet) or Table 6 (on the “TRVs_mammals” worksheet). Depending on the
availability of TRVs, the model may generate up to three HQs for each PFAS, including a Low-TRY HO,
High-TRV HQ, and a User-selected TRV-based HO*.

If the user did not type “Yes” on the Table 2 (Bioaccumulation Parameters) worksheet, some predictions
for PFAS in terrestrial plants and soil invertebrates will be listed as “n/a” and treated as zeros (i.e., no
PFAS) in subsequent calculations. Consequently, the concentrations of PFAS in wildlife diet items (and
thus, exposure and risk to wildlife) are potentially underestimated. TDI and HQ values that are potentially
underestimated as a result of the user’s choice not to apply QSAR modelled bioaccumulation parameters to
data gaps on the “BioaccumParams” tab will be noted by a “PU” value in the rightmost “TDI and HO
note” column.

3 Model assumptions include a relative bioavailabilitv (RB) of 1 for all PFAS (i.e., 100% dietary availability).
4 User-selected TRVs and HQs are hidden in the default model view.
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Test Site #1

Table 8: Exposure Assessment and Hazard Characterization

Receptor: Willow Ptarmigan
. . . . . User-selected
Analyte Soil Surface Water Terrestrial Vegetation Soil Invertebrates DIy 1 Dl 1 Low TRV | High TRV L°|.‘|~Q 1;;]2V Hlag-ll;?v User:rs;{;-zcted TRV-based
EPC TDly, EPC TDly, EPC TDlyeq EPC TDlin, HQ ¥

RB ng/kg dw | ng/kg-day ng/L ng/kg-day ng/kg ww ng/kg-day ng/kg ww ng/kg-day ng/kg-day mg/kg-day | mg/kg-day | mg/kg-day unitless unitless mg/kg-day unitless
PFCAs
PFBA 1 1.0E+03 4.4E-01 1.0E+01 1.3E+00 2.2E+04 3.9E+03 n/a - 3.9E+03 3.9E-03 No TRV No TRV -- - 1.0E+00 3.9E-03 PU
PFPeA 1 1.0E+03 4.4E-01 1.0E+01 1.3E+00 1.3E+05 2.3E+04 3.4E+02 4.6E+00 2.3E+04 2.3E-02 No TRV No TRV -- - 2.0E+00 1.2E-02
PFHxA 1 2.0E+03 8.8E-01 1.0E+01 1.3E+00 5.0E+00 9.0E-01 6.0E+01 8.1E-01 3.9E+00 3.9E-06 No TRV No TRV -- - 3.0E+00 1.3E-06
PFHpA 1 2.0E+03 8.8E-01 3.0E+01 3.9E+00 1.9E+04 3.4E+03 2.4E+03 3.2E+01 3.4E+03 3.4E-03 No TRV No TRV -- - 4.0E+00 8.5E-04
PFOA 1 3.0E+03 1.3E+00 1.0E+01 1.3E+00 1.0E+01 1.8E+00 1.0E+00 1.3E-02 4.4E+00 4.4E-06 1.0E+00 No TRV 4.4E-06 - - --
PFENA 1 3.0E+03 1.3E+00 1.0E+01 1.3E+00 3.6E+03 6.4E+02 2.7E+04 3.7E+02 1.0E+03 1.0E-03 No TRV No TRV -- - - --
PFDA 1 4.0E+03 1.8E+00 1.0E+01 1.3E+00 3.4E+03 6.0E+02 1.0E+05 1.4E+03 2.0E+03 2.0E-03 1.0E+00 No TRV 2.0E-03 - - --
PFUNDA 1 4.0E+03 1.8E+00 1.0E+01 1.3E+00 3.0E+03 5.4E+02 1.6E+05 2.1E+03 2.6E+03 2.6E-03 No TRV No TRV -- - - --
PFDoDA 1 5.0E+03 2.2E+00 1.0E+01 1.3E+00 3.4E+03 6.0E+02 3.1E+05 4.1E+03 4.7E+03 4.7E-03 No TRV No TRV -- - - --
PFTrDA 1 5.0E+03 2.2E+00 1.0E+01 1.3E+00 n/a -- n/a - 3.5E+00 3.5E-06 No TRV No TRV -- - - -- PU
PFTeDA 1 6.0E+03 2.6E+00 1.0E+01 1.3E+00 n/a -- 2.5E+01 3.4E-01 4.3E+00 4.3E-06 No TRV No TRV -- - - -- PU
PFSAs
PFBS 1 1.0E+03 4.4E-01 1.0E+01 1.3E+00 4.0E+04 7.2E+03 5.0E+00 6.7E-02 7.2E+03 7.2E-03 8.8E+01 No TRV 8.1E-05 - - --
PFHxS 1 2.5E+04 1.1E+01 1.0E+01 1.3E+00 2.2E+05 3.9E+04 8.5E+05 1.1E+04 5.0E+04 5.0E-02 No TRV No TRV -- - - --
PFOS 1 1.0E+05 4.4E+01 5.0E+02 6.5E+01 4.6E+05 8.2E+04 5.5E+06 7.4E+04 1.6E+05 1.6E-01 7.7E-01 2.6E+00 2.0E-01 5.9E-02 - --
PFDS 1 1.0E+03 4.4E-01 1.0E+01 1.3E+00 1.8E+02 3.2E+01 1.7E+03 2.3E+01 5.7E+01 5.7E-05 No TRV No TRV -- - - --
FASAs
PFOSA 1 1.0E+03 4.4E-01 1.0E+01 1.3E+00 | 3.3E+01 5.9E+00 n/a - 7.6E+00 7.6E-06 No TRV No TRV -- - - -- PU
EtFASAAs and MeFASAAs
N-EtFOSAA 1 1.0E+03 4.4E-01 1.0E+01 1.3E+00 1.0E+01 1.8E+00 4.5E+01 6.1E-01 4.1E+00 4.1E-06 No TRV No TRV -- - - --
N-MeFOSAA 1 1.0E+03 4.4E-01 1.0E+01 1.3E+00 n/a - n/a - 1.7E+00 1.7E-06 No TRV No TRV - - - - PU
Notes:

[1] Media-specific Total Daily Dose (TDI) is calculated using the following general equation and receptor specific parameters:

TDl; copec = (EPCeopc X RB x FIR x P;) + (DWI x EPC) x AUF x (1/BW), where:

Variable Value Units Variable Description
TDI; mg/kg-day
EPC.opc S€€ above ng/kg, ng/L
RB unitless
Preg 0.93 proportion Proportion of Diet -- Vegetation
Pinv 0.07 proportion
Pso 0.01 proportion Proportion of Diet -- Soil
FIR4w 0.03 kg/day
FIRWw  0.12 kg/day
AUF 1.00 proportion Area Use Factor
BW 0.60 kg Body Weight
DWI 0.08 L/day

[2] HQ = TDI/TRV; HQ greater than 1 are shown in Bold
[3] = In a scenarios where HQ values may be potentially underestimated, the "PU" designation will appear in either black or grey text. Black text indicates that the HQ is underestimated due to one or more missing EPCs related to Bird 1's diet items. Grey text indicates that the HQ cannot be calculated
due to the lack of an available TRV

Abbreviations:
dw - dry weight
ww - wet weight
ng - nanograms
mg - milligram
L - liters

kg - kilogram

Total Daily Intake for Dietary Item "i" for COPC
Exposure Point Concentration for each media

Relative Bioavailability (only for soil portion of diet; assumed to be 1 for all chemicals)

Proportion of Diet -- Terrestrial Invertebrates

Daily Food Ingestion (dry weight, used for soil)

Daily Food Ingestion (wet weight, used for tissue)

Daily Drinking Water Ingestion Rate

TRV - Toxicity reference value

PU - Potentially Underestimated
HQ - Hazard Quotient (unitless)
TDI - Total Daily Intake (mg/kg-day)
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10. SUMMARY (WORKSHEET: HQSUM)

» The eighth step in applying the Model Tool is to review the summary of the potential for risks
to avian and mammalian wildlife receptors.

The “HQSum” worksheet contains a table populated with all HQs (i.e., Low-HQ, High-HQ, User Selected
TRV-based HQ) that were generated by the model for both avian and mammalian receptors. No inputs are
required on this worksheet; rather, it serves as a printer-friendly summary table for the user.

Test Site #1

Table 14: Hazard Quotient Summary

Hazard Quotients (HQ) - Recommended TRVs
Analyte Florida Scrub-Jay Anastasia Beach
Willow Ptarmigan [American Woodcockl {T&E) Eastern Cottontail | Short-Tailed Shrew | Deermouse (T&E)
Low-TRV |High-TRV|Low-TRV |High-TRV| Low-TRV |High-TRV|Low-TRV |High-TRV| Low-TRV |High-TRV | Low-TRV |High-TRV
HQ HQ HQ HQ HQ HQ HQ HQ HQ HQ HQ HQ
IPFCAs
PFBA - - - - - - 1.7E-04 1.6E-05 - 21E-04 -
PFPeA - _ _ _ - _ _ _ _ _ - _
PFHxA - —~ —~ —~ —~ - 35E-07 | 5.3E-08 | 1.1E-06 | 1.7E-07 | 4 6E-07 | 6.9E-08
PFHpA _ _ _ _ _ _ _ _ _ _ _ _
PFOA 4 AE-06 -~ 3.8E-05 -~ 1.5E-06 —~ 1.2E-05 | 1.1E-06 | 1.2E-05 | 1.1E-06 | 1.1E-05 | 1.0E-06
PFNA - - - - - - 1.0E-03 | 7.5E-04 | 1.3E-02 | 9.6E-03 | 3.7E-03 | 2.8E-03
PFDA 2.0E-03 - 3.3E-02 - 1.2E-02 - 2 6E-03 | 7.8E-04 | 1.3E-01 | 4.0E-02 | 2.9E-02 | 8.6E-03
PFURDA - —~ —~ —~ —~ —~ 24E-03 | T1E-04 | 20E-01 | 6.0E-02 | 41E-02 | 1.2E-02
PFDoDA - -~ -~ -~ -~ -~ 1.6E-03 | 31E-04 | 23E-01 | 47E-02 | 47E-02 | 9.3E-03
PFTIDA - - - - - - - - - - - -
PFTeDA - —~ —~ —~ —~ —~ 89E-06 | 27E-06 | 13E-05 | 38F-06 | 7.3E-06 | 2 2F-06
IPFSAs
PFBS g8.1E-05 — 1.6E-05 — 34E-05 — 3.0E-05 | 9.0E-06 | 3.0E-06 | 8.9E-07 | 3.9E-05 | 1.2E-05
PFHxS —~ - - - - —~ 1.6E-01 | 4.9E-02 | 1.1E+00 | 3.3E-01 | 4.2E-01 | 1.3E-01
PFOS 2.0E-01 | 5.9E-02 | 2.3E+00 | 6.7E-01 | 8.5E-01 | 2.5E-01 | 1.0E+D0 | 2 6E-01 | 2.1E+01 | 5.3E+00 | 5.4E+00 | 1.3E+00
PFDS - - - - - - - - - - -
FASAs
PFOSA i _ _ _ _ _ i _ _ _ _
EtFASAAs
land
MeFASAAs
N-EtFOSAA i _ _ _ _ _ i _ _ _ _
N-MeFOSAA - _ _ _ _ _ - _ _ _ _
Notes: Abbreviations:

HQ greaterthan 1 are shown in Bold
See Acronyms & Abbreviations table for PEAS names.

HQ - Hazard Quotient (unitless)
TRV - Toxicity reference value
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ATTACHMENT 1: SUPPORTING INFORMATION REGARDING THE DERIVATION
SURROGATE BIOACCUMULATION PARAMETERS

This attachment describes the derivation of the surrogate bioaccumulation parameters that are available to
be selected in cases for which bioaccumulation parameters are not available (as detailed in the Guidance
Document).

Terrestrial Plant Bioaccumulation Factors

The BAF values for PFTrDA and PFTeDA in terrestrial plants were extrapolated using the model shown
in the figure below, which was derived from available empirical information from other PFCAs of 7, §, 9,
10, and 11 perfluorocarbons (BAFs are reviewed in Conder et al. (2020)).
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Terrestrial Invertebrate Biota-Soil Accumulation Factors

The BSAF-TI values for PFBA, PFTrDA and PFTeDA in terrestrial invertebrates were extrapolated using
the model shown in the figure below, which was derived from available empirical information from other
PFCAs (BSAF-TIs are reviewed in Conder et al. (2020)).
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Where empirical values were unavailable, BAF and BSAF values for precursor compounds (PFOSA, N-
EtFOSAA, and N-MeFOSAA) were assumed to be equal to their respective values for PFOS. This
assumption was made due to a combination of factors, including the potential for all three compounds to
fully or partially transform to PFOS under certain environmental conditions, as well as laboratory evidence
that tentatively suggests these compounds have similar bioaccumulative potentials to that of PFOS under
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o
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controlled conditions (reviewed in Martin et al., 2010).
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ATTACHMENT 2: MODEL TOOL DEMONSTRATION FOR NAVY SITE 1

To demonstrate the use of the Model Tool, data for PFAS in surface water and soil were obtained for a
representative DoD Site (referred to herein as Navy Site 1). This demonstration is a hypothetical example
of how the model can be used using real-world data, and does not represent a complete ERA for Navy Site
1. The use of this data is included only as demonstration of the Model Tool and the risk-focused conclusions
from the model output are for illustrative purposes only.

First, the representative species for the terrestrial portion of the site were selected from the drop-down menu
of Table 1: Exposure Factors for Selected Receptors. Terrestrial receptors were selected from the drop-
down menus (note, the receptors selected would not likely to co-occur at the same site given their respective
geographical distributions — this is a hypothetical exercise). Since Navy Site 1 includes a freshwater body,
drinking water use by the terrestrial wildlife was selected by making an “X” in the green selection cell. A
terrestrial exposure area was estimated by evaluating the size of the habitat assumed to be represented by
the available PFAS soil samples. This value (7 acres) was entered into the green Site Area cell.

Size of terrestrial area added here in acres ) o
Selected to include drinking water use here

Navy Site 1
Site Area (acres): 7
Table 1: Exposure Factors for Selected Receptors Type an "X" in the green box if surface water is present at your site:

Birds Wildlife
Avian Consumer Avian Consumer Avian Consumer [Mammalian Consumer(Mammalian Consumer|Mammalian Consumer|
Paramr*—~ ~—— i penae (Herbivore) (I (Omnivore) (Herbivore) (! il ) (Omnivore)
eyt Willow Ptarmigan |American Woodcock| Lapland Longspur | Eastern Cottontail | Short-Tailed Shrew Deer Mouse
Selected from included receptor here S e | " Peromyscus |
Lagopus lagopus Scolopax minor Calcarius lapponicus | Sylvilagus floridanus | Blarina brevicauda
maniculatus
BW Body Weight kg 0.601 0.176 0.027 1.130 0.015 0.015
FlRaw Daily Food ‘;g:z‘:)o" Rate @y |1 kg, dwiday 0.026 0021 0.006 0077 0.003 0003
FlRuw Daily Food ‘;Zﬂ)u" Rate (wet | kg, ww/day 0116 0.063 0018 0255 0.006 0.006
Pueg Proportion of Diet - Vegetation kg diet "E’UVWWW/ kg diet 093 010 060 1.00 0.05 0.65
Pine Proportion of Diet - Soil Invertebrates kg diet "e’svww‘”/kg diet 0.07 0.90 0.40 0.00 095 0.35
Pa Proportion of Diet - Sol g sedment, dwlkg diet 0.1 0.10 0.10 0.06 0.02 0.02
HR Home Range acres 9.00 7.66 9.80 7.40 0.96 0.15
AUF Area Use Factor Bl proportion 0.778 0914 0714 0.946 1.000 1.000
DWI Daily Drinking Water Ingestion Rate L/day 0.078 0.018 0.003 0.110 0.003 0.003

Second, On the Bioaccumulation Parameters tab (Table 2: Bioaccumulation Parameters), the option to
include surrogates/QSARs for data gaps was checked “Yes” by making an “X” in the green selection cell
to allow the evaluation of as many PFAS as possible.
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Third, 95 Upper Confidence Limits on the Mean (95UCL) were calculated for the concentrations of PFAS
in surface water using measurements of samples collected at the site. Units were converted from pg/kg to
ng/kg for concentrations in soils. Due to a low sample count, maximum values were used as EPCs for soils.
These values were input manually into Table 3: Site-specific Data Entry and Food Web Model. To the
right of the values, “Max” or ‘9SUCL” was entered to specify the basis for the values. No site-specific
tissue data have been collected, so only abiotic data were entered (green cells under the “Site-specific
Value” for plants and invertebrates were left blank). PFAS that were all non-detect in soil and water at the
site were not included. As organic carbon data for soil was not available, the default of 1% was assumed.

Navy Site 1
Table 3: Site-specific Data Entry and Food Web Model
Fraction Organic Carbon (kg OClkg soil dw) 0.m
Basis Average
Soil Terrestrial Plant Soil Invertebrate Surface Water
Analyte
Site- Site- Site- Site-
Specific | Basis | Specific T,:ﬂ‘ ':_Il?z? Specific ﬂ:lﬂzlﬁ? Specific | Basis
Value!"! Value!"! Value!"! Value!"!
ng/ks

PreAs (ng/kg dw) (v\?w}g (nghkg ww) ")
PFBA 0 n/a 7 95UCL
PFPeA 0 0 13 95UCL
PFHxA 0 0 120 95UCL
PFHpA 0 0 13 95UCL
PFOA 2810 MAX 4777 13.207 140 95UCL
PFNA 0 0 2 95UCL
PFDA 0 0 0.67 95UCL
PFUNDA 0 0 057 95UCL
PFDoDA 0 0
PFTrDA n/a n/a
PFTeDA nia nia
PFSAs
PFBS 187 MAX 7,480 1,720 15 95UCL
PFHxS 0 0 460 95UCL
PFOS 44070 MAX 202,722 2,423,850 157 95UCL
PFDS 0 0
FASAs
PFOSA | | [ | o | | na | 2 | esucL |
FtFASAAs and MeFASAAs
N-EtFOSAA n/a 0
MN-MeFOSAA n/a n/a

Fourth, to illustrate the ability to customize TRVs in the model, an alternate avian TRV for PFOS was
entered into the green “User Input TRV Value” cell for PFAS in Table 5: Toxicity Reference Values-
Birds. This value was 0.077 mg/kg-day. Surrogate TRVs were not included for analysis by leaving the
green selection box blank.
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Navy Site 1

Table 5: Toxicity
Reference Values- Birds

Did not include surrogate TRVs here

N\

OPTIONAL: To apply Surrogate TRVs to precursors only (FASAs and FASAAs) type "Yes” in green ceII:I

TRV for Birds (mg/kg-day)
User Input
Analyte Low TRV Basis Reference High TRV Basis Reference ‘lrjlgs,rr\:':ﬁ:: TE;X:L":&
Rationale
PFCAs
PFBA No TRV Mo TRV
PFPeA No TRV Mo TRV
PFHxA No TRV Mo TRV
PFHpA No TRV - Mo TRV
No effect on growth (body weight
PFOA 1 lof 1-day old chickens; exposed tq Yeung et al. 2009 Mo TRV
PFOA/PFDAPFOS mixture
PFNA Mo TRV - Mo TRV
No effect on growth (body weight
PFDA 1 lof 1-day old chickens: exposed tof Yeung et al. 2009 Mo TRV
PFOA/PFDAPFOS mixture
PFUnDA No TRV Mo TRV
PFDoDA No TRV Mo TRV
PFTIDA No TRV Mo TRV
PFTeDA No TRV Mo TRV
PFSAs
No effect on growth (body weight)] Gallagher et al.
PFBS 88 of northem bobwhite quail (2005) MNo TRV No High-TRV available
PFHxS No TRV Mo TRV
Mo true no effect’ values were
available.
PFOS 077 [17% contral-adjusted decrease in|  Newsted et al. 264 ;S:feg?;?:-gli%fatlendf MNewsted et al. 0077
reproduction (14-day old (2005, 2007) northern babwhite quail (2005, 2007)
survivors/eggs set) for northern q
bobwhite guail
PFDS No TRV Mo TRV -
FASAs V4
PFOSA No TRV Mo TRV /
EtFASAAs and MeFASAAs 7
-EtFOSAA No TRV Mo TRV / -
-MeFOSAA No TRV Mo TRV / -

Manually added Alternate TRV here’

Following the last step, hazard quotients automatically update in Table 7 through 13 (Receptor-specific
Total Daily Intake and HQ) and the Table 14: Wildlife Hazard Quotient Summary.

As shown below in the hazard quotient summary, five hazard quotient values (ranging from 2.3 to 9.3)
exceeded 1 and were auto-bolded. This result indicated that the site-specific exposures for Short-Tailed
Shrew, Deer Mouse, American Woodcock, and Lapland Longspur to PFOS were predicted to exceed the
user-selected PFOS TRVs. For mammals (Short-Tailed Shrew and Deer Mouse), predicted exposures
exceeded the PFOS TRVs (by a factor of 2.3 to 9.4). For birds (American Woodcock and Lapland
Longspur), predicted exposures exceeded the user-selected PFOS TRV of 0.077 mg/kg-day (by a factor of

6.8 0 9.3).
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Hazard Q (HQ) - TRVs Hazard Q (HQ) - User TRVs (if )

Analyte American

Willow P Lapland Longspur | Eastern Cottontail |Short-Tailed Shrew Deer Mouse Short-

Low-TRV [High-TRV |Low-TRV |High-TRV | Low-TRV |High-TRV | Low-TRV [High-TRV |Low-TRV |High-TRV |Low-TRV |High-TRV| Willow [ American| Lapland | Eastern Tailed Deer

HQ HQ HQ HQ HQ HQ HQ HQ HQ HQ HQ HQ Ptarmigan Longspur | C i Shrew Mouse
PFCAs
PFBA - - - - - - 2.1E-08 - 5.0E-08 - 4.26-08 - - - - - - -
PFPeA - - - - - - - - - - - - - - - - - -
PFHXA — - - N — — 3.7E-07 | 5.5E-08 | 8.96-07 | 1.36-07 | 7.6E-07 | 1.1E-07 - N — — . —
PFHpA - - - - - - - - - - - - -~ - - - - -~
PFOA 8.2E-04 - 4.1E-03 - 3.9E-03 - 8.0E-04 | 7.5E-05 | 4.0E-03 | 3.7E-04 | 2.4E-03 | 2.3E-04 - - - - - -
PFNA - - - - - - 2.2E-07 | 1.7E-07 | 5.4E-07 | 4.1E-07 | 4.6E-07 | 3.5E-07 - - - - - -
PFDA 6.8E-08 = 6.1E-08 - 4.8E-08 = 2.1E-07 | 6.2E-08 | 5.0E-07 | 1.5E-07 | 4.3E-07 | 1.3E-07 - - - - - -
PFUnDA - = - - = = 1.7E-07 | 5.2E-08 | 4.2E-07 [ 1.3E-07 | 3.6E-07 | 1.1E-07 - - - - - -
PFDoDA - - - - - - 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 [ 0.0E+00 | 0.0E+00 - - - - - -
PFTIDA - - - - - - - - - - - - - - - - - -
PFTeDA - - - - - - 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 [ 0.0E+00 | 0.0E+00 - - - - - -
PFSAs
PFBS 1.2E-05 - 8.5E-06 - 2.8E-05 - 5.3E-06 | 1.6E-06 | 2.8E-06 | 8.3E-07 | 7.4E-06 | 2.2E-06 - - = - - -
PFHxS - - - - - - 1.4E-04 | 4.2E-05 | 3.4E-04 | 1.0E-04 | 2.9E-04 | 8.7E-05 - - - - - -
PFOS 7.0E-02 | 2.0E-02 | 9.3E-01 | 2.7E-01 | 6.8E-01 | 2.0E-01 | 4.4E-01 | 1.1E-01 | 9.4E+00 | 2.3E+00 | 4.0E+00 | 1.0E+00 | 7.0E-01 9.3E+00 6.8E+00 - - -
PFDS - - - - - - - - - - - - - - - - - -
FASAs
prosa [ - [ - [ - [ - [ - [ - [ - [ - -1 -1 -1 -1 -1 -1 -1 -T1-T1-
EtFASAAs and MeFASAAs
N-EtFOSAA [ - - [ - - 1 - 1 -1 = 71 = - 1 - - - - - - 1 - - -
wwerosaa] = | - [ - [ - [ - [ - [ - [ - [ - [ - [ - [ - [ - [ - [ - [ - | -] -
Notes: Abbreviations:

HQ greater than 1 are shown in Bold

See Acronyms & Abbreviations table for PFAS names.

HQ - Hazard Quotient (unitless)
TRV - Toxicity reference value
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