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Executive Summary

This document provides gaitte on how to use the Pesticide Root Zone Model YRRAMcreenirdgvel

tool to assetizepotential foper and polyfluoroalkyl substan¢@BAS to leach into groundwater from

land appliedesiduals, including industrial solids anahicipalwastewaterbiosolidgcollectively referred to
as residualserein). For one individual PFAS compouatdime this modeling framewodanbe used to
identify adequate management strategies that balance the mass loading rate of PFAS inrksidusbplied
andmaintain safe PFAS chemical concentisitiogroundwater at levels beliinking watetevels of
concern

Descriptions d?PRZMinputsand outputsre presentexhd discussed fthespecificontext ofimulating
potential leaching of PFAS fréand apped residualsStepby-step examplatiowhow to implement

PRZM simulatinsrepresenting the most vulnerable groundwater scenarios develogeé myironmental
Protection AgenclW§ EPA, as well as customized scenarios that may better refleqidatcaic@limate,

soil, and groundwater conditipfiBhese examples demonstratetb@ssess leaching to groundwater based
on conservativassumptionsf PFAS chemical and physical propeatiesell as more typical propedias
environmental conditianA procedure for calculatingilution attenuation factor ¢ra of chemical mass
applied over its concentration in the groundwatdescribed whidan be used to determinmaximum
allowabléPFASapplicatiormasgate(per unit aregfor any spefied drinking water level of concern
(DWLOC). An example comparison of PRZM modeling simulation results with field data is pitebented
end of this guidance documantl demonstrates the reasonable accuracy of the modeling approach and the
level of coservatism compared to measured groundwater concenfratappravideconfidence that the
PRZM modeling approachappropriate as a screening level tool for assessing potential levels of PFAS
chemicals in groundwater resulting from land applied rissidua

Guidelines are provided concerning the more sensitive parameters to be aware of when applying the PRZM
modeling approach. Chemical | eaching to groundwat
to soil particles. The chemical sorptaefficient) , is one of the most important parameters to estimate for
PRZM modeling of PFAS chemical leaching. It is recommended that thelsefestadeter value be

informedbya current literature reviepecific to the PFAS chemical under investigitiaddition, when

reported) values varynultiple simulations should be run to agbessensitivity of thpredicted

groundwater concentration to uncertainty/variability in the PFAS chemical sorption behavior. Rainfall and
irrigation also hedy influence the downward movement PFAS in soil, so refinements in precipitation inputs

to represent local conditions are also recommended. Soil properties also impacts leaching rates and capacity
for sorption, thus refinement of these PRZM inputsedotreital conditions is also recommended as a later
refinement step.

The screening level modeling approach presesreeds well as the parameter selection guidance and

options for refinement to local conditions, are designed to be used in anlysisabhpatential PFAS

leaching to groundwater from land applied residuals. The standard groundwater leaching scenarios from the
US EPA are desi gitad eto crnatomlyelsdtie mtgpendiavahemical

contamination of groundwataendthus serve as effective scenarios to conservatively identify whether PFAS
leaching to groundwater could be a concern. Use of this PRZM stxeehingdeling approach will allow
regulators and other stakeholders to efficeralyaté®FAS groundater contamination potential and

determine whether a more comprehensive and rigorous modeling and/or field investigation is warranted.

'

11‘

STONE ENVIRONMENTAL 3



1. Introduction

Per and polyfluoroalkyl substances (PFAS) are a gr8ig®6for more syntheatitemicalincluding

PFOA, PFOS, GenX, and many other chernvaaétiesPFAShave uniquespecifically engineered
chemicaproperties that make themormously effective at resisting heat, water, ahldemarbonrfluorine

bond makes these chemieatsemely strong and d&alBecause of these properties, PFAS chesanecal

found in everyday commercial products including nonstick cookware, personal care products, and stain
resistant textileShese propertiedgsomakePFASchemicals highlgersistent in the environmdREAS are
primarily foundhear industriainanufacturing sitespmdandfillsand sewage treatment plaatsl certain
airports and Department of Defense sites where aqueous film forming foam (AFFF).were used

While PFAS use has persisted for decadesetitgiscinderstanding of how these chemicals move through
the environment is just now beginning to unfold. EiR&Sdo not readily degrade, theyethe potential

to enter into soil andach into groundwater or surface watgentiallycontaminatig drinking water
resource®©ne exposure pathwiayneed of greater understandsfyom land appliedastewater treatment
solissthat maycontainPFAS Whenwastewater solidghichincludespulp and paper wastewater residuals
and municipal biosolidse &nd appliedo agricultural landtheyoffer many net environmental benefits

from enhancing soil health, recycling nutrients, sequestering carbon, and minimizing fertilizer and pesticide
use. However, PFAS has been found in these land applied residnaigyatoncentrations depending on
the source anday leach intoearbygroundwateresourcetJnderstanding thiate and transport pathways

of PFAS in land appligdsidualss of high importance in orderbe protective of groundwabenking

sources

This documenprovidegjuidance on how to use the Pesticide Root Zone Model (RRCkenintevel
tool,developed ltheU.S. Environmental Protection AgenthSEPA)for regulation of pesticide uses in
agricultureto address thmotentialfor PFASto leachinto groundwater from land appliexsidualshat may

contain these chemicdlbis modeling framewodanbe used to identify adequate management strategies
that balance the mass loading rate of PFAS in land apgliecsvith soil andirinking watetevels of
concernAfter providing information on how to obtain PRZM and its documentation, a general overview of
the model is presented. Model input descriimhhow to run PRZM simulations are followed by-a step
by-step example of model immentation and ressilinalysis for land applibibsolidsontaining PFOA

and PFOS. Finallyan example of comparing model simulaisnlts to available field dist@resented

The modeling approach presented in this guidance document is apfwopmmatdating leaching of a

single PFAS chemical at a time; the results from one PFAS chemical (e.g., PFOA) are not broadly applicable
to all PFAS chemicals as a class

2.How toObtainPRZM

USEPA developed the Pesticide Water CalculAtd€)to simulatgesticide applications to land surfaces

and the pesticideds subsequent transport to and f
simple groundwater aquifePVCuses PRZM to model the landscape hydratogell ashemical fate
andtransporprocesse# then links PRZM outputs with a receidngacevater modelthe Variable

Volume Water Mod¢VVWM).

The current versioof the PWC moddPWCversior2.001can be downloaded frasEP A6 s Model s f
Pesticide Risk Assessmed2 12 websitdttps://www.epa.gov/pestica@enceandassessingesticide
risks/modelpesticidgisk-assessment#PW@ccessed @i25/2021).
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Technical documentation atice PWC user manual are included in the Pitétallationpackage. The
PWCwebsite halinks to thassociatestenarios and weather files that EP&reasedor standard
drinking water, ecologicahd groundwatesxposurassessments.

3.Description oPRZM

PRZM was developed by US EPA and is usedAyatheandotherinternational reglatorybodiesn both
screening level and refined pesticide exposure risk assessments during the pesticide registBait process
et al., 20%2 Young and Fry, 202@RZM is included in theederal Insecticide, Fungicide, and Rodenticide
Act(FIFRA) list of recommended regulatory models for US Pesticide Reg(gtilions et al., 2010)h&

model has gone through several peer review processaby inyeUS EPA and bggulatory agencies in

Canada and Europeublicly available studies congudt by US E P AesaMadagetant ada 6 s
Regulatory Agen¢yMRA that compared PRZM to other leaching models conthatdd&tRZMwas the

most appropriategulatory tool for estimating concentrations of pesticides in groufRiwvestet al.,

2012b)A geneal model overview is providedhe next sectiofgllowed by a discussion on model

limitations and assumptions.

3.1.Model Overview
PRZMis a onadimensional finitalifference mod#hat has been developed primarily to describe pesticide
fate and trangpt in agricultural soil§ he time step is daily. Although not all processes may be relevant to
PFAS fate and transport frtand appliedesidualsthe principaprocessanodeled by PRZM are briefly
described below (for more details see Young an@Zey, 2

a Hydrologyd Processes modeladludeprecipitation and snowmedurfaceunof,
infiltration/percolatiorgvapotranspiratioandirrigation Once in the soil, water movement is
alwayserticaland occurs when a soil horizon is filled to a maxtapacity.

a  Crop simulatior® Several processes are considered durio@ growing season: changing root
depth changingplant canopyboth height and areal extent), and crop interception of water. These
processes depend ongpecificrop grown, weagrconditionsand agronomic managemeéitie
crop simulation affectsater movement and thus the environmental fate and transport of land
applied chemicals

a Erosiond The magnitude of soil erosion resulting from surface runoff is determined daily. Soil
erosionis affected by topographic conditions, namelgahajpslope length, as well as soil erodibility
factorsvegetatiorand residue coverage. Chemicals sorbed to soil particles, including PFAS, can be
transported to surface water through erosion.

Chenmicalapplicatiord Several agronomic practices and characteristicyepresented to simulate
land application of chemicals. The key characteristics include chgphicztion rasgmass per

unit area)applicatiortiming (day of the yeadndapgicationmethod $urfaceat depth,
incorporated witkoil, etc.)

»

a Chemicatranspor® Dissolved, sorbed, and vaploase concentrations of chemical in the soil are
calculated by considering the processagadeunoff, erosiormicrobial and chemical
degradation, volatilization, foliar wash off, removal by plant uptake, leaching, dispersion, and
sorptionDegradation is typically modelesing dirst order degradation ragarption in the
equilibrium and norequilibrium regions is modeled with Frelich isothermsPlant uptake is a
simple model based on soil concentrattmmse processes may not be relevant to all chemicals.
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a Degradabn products Up to two metabolites may be simulated simultaneously with the parent
chemical

Several characteristiof PRZM make it a suitable sdregevel tool for determining potential PFAS
contamination in groundwater follownegidualspplications: the model is publicly available, it simulates
chemical leachingansport vigurfae water runoff and erosiamd plant uptake concurrently, @sdise

has been accepted by US BRAPMRAO assess potentidtsite movement of chemicals applied in
agricultural settingsor screenintgvelregulatory purposd2RZMrepresents a balarween complexity,
scentificcredibility and the level @fffort/cost to run the modelaascreening tool thesin accommodade
rangeof environmentatonditions PRZM may bkess suitabler characterizingnore complegitespecific
subsurface fate and transgmablemavheremoresophisticated thraimensionamodels mapeneeded.
These site characterization models typically require the collection of multiple parameters collected from
numerous soil, groundwater, and surface water sampling points to adequatatitekme@onmental
conditions, or plumélowevergiven the uncertaintiespredicting?FASfate and transport, the physically
based yet simplified PRZM approach, using appropriate parameterization assumptions, represents a suitable
screeningevel altarative to more complex models.

3.2. Model Assumptions and Limitations

3.2.1. Groundwater Leaching Conceptual Model

USEPA has developed a conceptual model and screening level scenarios for assessiageagplied
chemical 6s pot ent i(Bafisettalg 20826 lsiscconceptoal ngppdebassnndewthat & r
drinking water well is located directly below the location of a chemical application to an agricultural field and
that there is no lateral subsurface flow in either the saturated or unsah@sirdarong there is no

dilution of groundwater concentrations from untreated seeBigy(irel). Thus, all transport is vertical

from the land surface to the water table, making it a conservative screeongepitell model.

AQ A
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with depth ~ Depthto
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h 4

processes Well
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Length

Figure 1. PRZM Groundwater Exposure Conceptual Model (source: Baris et al., 2012 a)

The processes that determine the rate and magnitude of chemical leaching to groundwater include sorption to
soil, soil aerobidegradation, chemical hydrolysis, potential plant uptake, and infiltration rates. The
conceptual model assumes that aerobic degradation decreases with depth in the soil and is also a function of
temperature (lower degradation rates with lower temppriimeerobic degradatimassumed below a
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depth of 1 meter. The timing, rate, and method of a chemical applied to the land surface can all be defined to
match actual agronomic practices.

When assessing potential ecological and drinking water risksealssith pesticide applicatiddSEPA
alsoestimates chemical concentratiossiiface water, includiegological water bodies (tHf@EPA farm

pond) and high vulnerability surface drinking water sourc&sSEfRA Index Reservoir). These chemical
concentrations in surface water are determined based on transport via surface runoff and erosion from the
applied fields. Because PRZM considers surface aunlfaab hydrologic transport processes concurrently,
chemical leaching potential to groundw@tetuding PFAS leaching) is impacted by the magnitude of
chemical loss via surface transport processes. In addition to groundwater, PFAS concentrations in surface
receiving waters resulting fragaidualgpplications could be examined using PRadN VWM (both

contained in PWC)

3.2.2. Background Concentrationsaand Other PFAS Sources

Land appliedesidualsire assumed to be the sole source ofiRBRSPRZM simulation approach

described in this guidance documentHo we v e r PFAS havetlledmdwaterund i n
asaresultsaft mospheric deposition. | f cdneentrationsand har act er i
atmospheric deposition rates could be accounted for as additive sources of PFAS chemicals applied to the soil
outside of the land djgation process

3.2.3. PlantUptake

PFAShas the potential to accumulatagnicultural plantthrough uptake from s¢#lee Ghisi et al., 2019

for a review). While the PRZM model has the capability of simulating chaakebdlyuygants, there is high
uncetainty in the magnitude of this procgegardind?FASchemicalsandthe modeling of this component

in PRZM isrelativelysimplistic. A conservative approach for screlenignalyses of potential groundwater
contamination is to not consider this g@seclf plant uptake is accounted for, then less chemical would be
available for leachiraagnd lower potential groundwater concentrawmsiore data become available
regarding plant uptake of PFAS, modeling approaches with PRZM may be refined tordbiount

4.Model Inputs for PFAS Simulation

Several PRZM input parameters need podwidedy the user to modeP&ASleaching scenaridhe

focushereis to provide guidance on how to identify the prochephysical and chemigalopertiesand

other PRZM input parameters that are relevant to predict PFAS fate in the soil matrix and potential leaching
to groundwater resultifigpm land-appliedresidualsAs the chemical fate processes are sensitive to the choice
of input parameters, it is also imgat to investigate the possible range of realistic values and their
implications on predictions. In addition to the chemical propbdiesidualapplication method and the

site characteristics (soil type, depth of groundwater, precipitatietcrages, also important in determining

the potential for PFAS leaching to groundwater. A description of each of the primary PRZM model inputs
relevant to the simulation of PFAS are prduidihe sections below. Lengthier discussions are provided for
themore important parameters to consittee PWC user manuabntains more tbrough description of

each input parameter.

'
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4.1. Chemical/Physical Inputs

The current PWC interface tab to enter chemical and physical inputs ia Stiguva2 below.

File Scenario Help

Chenmical | Appications | Land | Crop | Runoff | Watershed | Batch Runs | More Options | Out: Pond | Out: Reserva

Chemical ID foptional) |

Iv I~
Parent Daughter  Granddaughter
@+ Koc (" Kd Sorption Coeff (mL/g)
Water Column Metaboliem Halffe (day) |
Water Reference Temperature ('C) I
Benthic Metabolism Halfife (day)
Benthic Reference Temperature (C) | |
Aqgueous Photolysis Hafflife (day)
Photolysis Reference Latitude ("N)
Hydrolysis Halfife (day) [
Soi Haffife day) [
Soil Reference Temperature ('C)
Foliar Haffife (day) [
Molecular Weight (g/mol) /—
Vapor Pressure ttorr)
Solubility (mg/L)
Henry's Coefficient [L\:—
Air Diffusion Coefficient (cm?day) (0.0
Heat of Henry (/mal) [00
Water Column Metabolism
Benthic Metabolism
Photolysis
Hydrolysis
Soil
Foliar

{1

=

=]

=]

=]

T

Figure 2. PWC Tab for Chemical and Physical Inputs

a  Sorption coefficient. ¥Lm). A key process affecting PFAS fate in soil follcssintyials

applications is the adsorption to soil. @ropensity of the chemical substance to stay sorbed onto
soil or dissolved in water is quantified bgdheorption coefficient : the lower the coefficiethe

less strongly bound to soil particlesttamtligher the rishf chemicamigrationto the groundwater.

U is often normalized to the organic content afdihenatrixto obtain the organic banwater

partition coefficient , which is also an input option in PRZIMe Interstate Technology and
Regulatory Council (ITR@yovides the followirtzackground on PFAS behavior in 88FCAs

and PFSAs are present as organic anions at relevant environmental pH values, and are therefore
relatively mobile in groundwater, but will also tend to associate with the organic ¢amoh frac

soil or sediment in the saturated z8oeption to organic carbon generally increases with increasing
perfluoroalkyl tail length, indicating that the shbain PFSAs (for example, PFBS) and PFCAs

(for example, PFHxA) are less retarded thardhgichain counterparts (PFOS and PFOA,
respectively). In addition, PFSAs tend to sorb more strongly than PFCAs of etprajtthand
branched isomers are less sorptive than linear&somers TRC, 2020, section 5.
about the sormn of PFAS provides a wide range of measured sorption values as well as a mixed
understanding of the correlations with organic carbon content, pH, and other soil properties. There is
evidence that for certain PFAS chemicals, desorption occurs moteasieaiption, indicating

that for themore strongly sorbing compounds like RFE@ presence in the soil matrix is more
persistenandlikely less bioavailable and less subject to mighagemeralsorption coefficient

valuedased on laboratoryrgalesderived using sorption isotherms) underestimate the impact of
sorption duing fate and transport modelingst probably due to the spatiotemporal concentration

'
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»

»

»

»

variabilities in sqibndinteractions with organic carkaaneare insufficient to iably predict

PFAS partitioning coefficierts et al, 2018)Thus field values may be more appropriate for
characterizing PFAS transport. Review and ranges of publish&ees for PFOA and PFOS were
recently compiled by Li et@0B). Li et & also reports percentiles of the available published data as
well as the different lab and fiblsed values. For soohéheother PFAS, published sorption
coefficients have been summarized and keptdgie by ITRC (2020) and can be fourden

Physical and Chemical Properties Tateided as a separate Excel file (Tab)e 4

Watercolumnmetabolismhalf-life andreference temperature, benthic metabolismlifaland
reference temperatyraqueous photolysis hdife andreference latitud&.heseprocesses are not
considereth groundwater modelingnd the respecti?&ZM inputsdo not need to be populated.

Hydrolysishalf-life, soil halflife, andsoil reference temperatuBiotic and abiotic transformations
have been observedame polyflorinated PFAS. Polyfluorinated PRA& degradere referred to
as@recurso@nd typically forrperfluoroalkyl acidFAAS, such as PFOA and PFGFAAS

have not been shown to degrade or otherwise transformmiridat anvironmental conditions.
PFAPAs are sometimes referred to as O6terminal
strong acids and are anionic ingheironmentally relevapid rangeof5.5 to 8.5They are

extremely persistent in the environment and do not degrade @mntrangkr typical environmental

c o nd i The fumdamentabdifferences between polyfluorinated precursors and perfluorinated
chemicals that affect transformation potential are the presence, location, and number of carbon
hydrogen (€H) bonds and potentig carboroxygen (€0) bonds throughout the alkyl carbon

chain. Specifically, PFAS withHbonds are subject to a variety of biotic and abiotic reactions that
ultimately result in the formation of shorter chain PBAAf | TRC, 2.0fol0ghtumlhapt er
specification of these PRZM input parameters will be important for some PFAS aké¢hdgals

may greatly affect overall fate and transipdeta are unavailable to characterize degradation rates
of a specific PFAS chemical, then an assumption tbhethieal is stable is most appropriate. For
PRZM modeling, this means a Hifdf of zero.

Foliar half-life. This input parameter ot relevat when land appliegsidualsre considered.

Moleallar weight This model inpuis used directly in the dedpige production routines if
degradates are simulated. I't is also used i

Vapor pressure (at 25). The higher theapor pressurthe greater the volatility of the chemical

PF

5)

ndi

is also ged indirectlytocac ul at e t he H e remy lttlé datalorameasorederdpdri ci ent .

pressure values for PFAS exist, and much of the data on PFAS is extrapolated dhereflaied
caremust be taken whemovidingthis informationlf volatilization is not a prathat affects the
PFAS being considered, this input parameter is not important for leaching simulations.

Solubility (at 28C). Solubilityquantifies the ability of a given substance to dissolve in aBotvent

a given temperature and pressbeshigter the solubility the legslatilethe compound is.
Solubilityisalsousedn di rectl y t o cal cul eporedvaliesforBotubilityy 6 s
of individual PFAShemicalsnay vary depending upon the method used to determine sohubility, t

form of the analyte (acid or salt), pH, salinity, and whether the value is empirical or obtained through

modeling.

Henryds Const a.This cliethicahspatiicicanstantearacterizes the propensity
of the compountb remain dissolvedwater versus volatilizing into the gas pRasenost organic

'
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compounds with moderate or low solubiitg nr y6s Law Constant can be o
vapor pressure and solub{libe PWCgraphical user interface enables the user to caleulate K
automatically from input vapor pressure and so
Henr y 6 biadirectymproportiodal to vapor pressure and ilyangeortional to solubility.

The PWC K, estimation routine assumes that the usereghtapor pressure and solubility relevant

to 25°C (for a thorough understanding of the volatilization algorithm, thedeWw@=ntation

provides specifguidance)T he user has also the option to manually enteradu€ Vapor

pressures &fFAScompounls are generally lavhile water solubilities are highus indicating a

preference to be in the water phase.

»

Air diffusion coefficientThe air diffusion coefficient is related to the kinetic energy associated with
molecular motion and is dependent enntivlecular weight of the compound. An input of zero for
the air diffusion coefficient effectively shuts off dissipation of the chemical due to volatilization. A
conservative approach for assessing PFAS leaching potential into the groundwates iatoeset thi
to zero.

»

Heat of HenryThis input is the enthalpy of phase change from aqueous solution to air solution.
The conservativapproaclhwith respect to the PFAS leachimglld suggest this be teetero.

a Daughterfgranddaughtecheck box columns amablar conversion facterChecking these boxes
allows for the simulation of a daughtergradddaughtetegradates of the pat. Chemical
properties of théegradates should be entered as described above for the parent. The user should also
enter the rabis of moles of degradates produced to moles of parent degraded for each of the processes.

A thorough technical and regulatory guidance document that also providesdatelgissessment of the
physical and chemical properties and environmental fatarespdrt processes of PF&A&ady referenced
several times in this documevds published by th&erstate Technology and Regulatory Council (ITRC)
in April 2020 (ITRC website also has fact skeptainer videos, training module videos, and éxtdies

of data and informatiabout PFASittps://pfasl.itrcweb.org/)This publications alsa helpful resource
for parameterizing PFAS physical/chemical properties required for PRZM simulations.

'
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4.2. Application Inputs

This set of inpatfocuses on deribing the application charactessticthe chemical to the switlis
entered inhe PWC application tab shownRigure3.

PLC]
File Scenario Help

Chemical Applications ‘Land | Crop | Runoff | Watershed | Batch Runs | More Options | Out: Pond | Out: Reservoir | Out: Custom | OutGW | Advanced |

Number of Applications " Absolute Dates
Em Maturity Harvest
B % Dates are relative to: ’e;rge ru a‘ye Hide Hide Hide
Update Reservoir  Pond  Custom
i Application Method L L L
Days Since Amount  Below Above @ T Depth T-Band
fkg/ha) Crop Crop Uniform Depth Band A v (em) Spit Eff. Ddft Eff. Daft Eff. Drift
I 5 ~ ~ o, o~ o~
Yo [~ [ c c cococococ [ I
— [ c ¢ ceccc o[ [
= [ s *» ¢ » » » » I rrrrrur—
e | [ [ ccce e e e[ [
o li c c C r C > C ,*’* ’*I*’*’*
plications occur every
F Year(s)
Applications oocur
from year |1
toyear flast
Application Window
Batch Analysis
I™ Apply Pesticide over
a Tiime Window
/_ Window (days)
[ Step(days)

Figure 3. PWCTab for Chemical Applications Inputs

a»

Numberof applicationsThis is the number of chemical applicatpmr year. Faesidualsthis
typically is once per yelaowevett is also possibie apply more or less frequently.

»

Absoluterelative application date&pplication datecan be entered alssolute dates, e.g. specific

month andday of the year, or as relative to crop emergence dates, e.g. 10 days before crop emergence.
If the timing ofesidualspplications is well understood, then entering specific dates (e.g")April 30

isthe recommeatedapproach.

»

Applicationamount.This is the mass of chemical that is applied per unjkg#tes) When
residualsire considered, usually the initial information available is the concebfpatizmg/g)

of chemical content in thesidualglry sample, the fractid@f dry mass in the wesiduals
appliedand its mass rate of application per unitbar@ay/ha). With the units in parenthesis, the
masst (kg/ha) of chemical appd per unit area:ist P T I

»

Applicationmethod.Several application methods can be specified depending on how the land
appliedresidualsireintegrated into the soil. These different metingolsct the availabilitf the
chemicafor surface transport via runoff and erosion

Below cropthisoption isnot relevantor land appliedesiduals

Above crophismethod wuldbe appropriate iesidualsvere applied to the land surface
without incorporation, typical of a hay fieldiapfon.

'
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»

»

Uniform belowusingthis application method, theemicais applied uniformly tauser
specified depth. This method could be applicatresitiualapplication is immediately
followed by uniforrtillageto a certain depth (the user canigpibe depth

At depththechemical is placed entirely at a specific d€pikis generally not applicable to
land appliedesiduals

T-band:thechemical is distributed to a depth specified by the incorporation depth, with a
specified fraction platato the top 2 cnin the case oésiduals containing PFA&er
application methadhregenerallynore suitable idescriing the initial chemical distribution.

Linearly increasing/} / decreasin@ ): chemicamass is distributed in the soil linearly,

increasing or decreasing with depth down to the depth specified by the user. Land applied
residualgould be modeled as linearly decreasing to a degtirLinearly increasing with
depthwould be a less approprictieice ohpplication method for massiduals applicatians

The linearly decreasing with depth option, along with the uniform distribution option, represent
the most appropriate application methods for incorpoeatizthls

Custom reservoior pond.If evaluating potentialrface water contamination is an objective of the
study, the user can select which water body receives the runoff from the field. This is not applicable
for chemical leaching into the groundwater.

Efficiencydrift. These parameters have utility wbemsideringpray drift applications to account

for chemical loss due to spray and drift loading into surface water body. These are not applicable to
land appliedesidualsA value of O for spray déftd a value of 1.0 for efficiency should be entered

for biosolid applications.

Application refinementd'he user can further tailor applicationnigrcharacteristics by specifying:
Applications occur every [gpy or
Applications occur from yé¢drto year [ ]

When assessing screening levels of PFAS in land rygjdigalsa conservative approach

sometimes useégito have applications occurring every [1] year from year [1] to year [last]. However,

in many real case scenarnesidualsre not (ocannot be) applied every year because of other
requirements such as nutrient limitatidxsanexampleto characterize applications occurring every

5 years in a 20 year period, one can enter O0Ap
yeal 2 ONoté that PZRM simulations run with PWC typically extend from 30 to 100hgears.

correct characterization of chemical application patterns is quite important since the predictions of
chemical concentrations in the groundwater are greatly ieflumnihese choices.

Applicationwindow batch analysi$hese options allow the user to analyze the impact of different
application day on the simulation. Generidliy type of analysisiiat relevant for determining
screening levgtoundwater PFA&rcentrations resulting frdand appliedesiduals

'
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4.3.Land Inputs

The useris requiredo enter the proper land scenfmi@ssessing PFAS leaching potaitgdoundwate
An example associated withDedmarva Corigroundwatescenario is shovim Figure4. The scenario

should represetiteresidualapplication areaf interest anéhcludingclimaticand soiconditions

Irrigation practices are also specified here.

File Scenario Help

Chemical | Applications  Land |Crop | Runoff | Watershed | Batch Runs | More Options | Out: Pond | Out: |

Scenario 1D IDEL_STD

Weather File IC \models\Inputs\Metfiles\w 13781 .dvf

I™ Use Weather Directory  Weather File Directory | |

Hydro Factors

0.77  PET Adjustment Factor

0.36  Snowmelt Factor (cm/"C/day)

17 Minimum Evaporation Depth (cm)

Boundary Layer Thickness

Scenario Latitude (‘'N) |40

for Volatilization (cm) 5.0
Imgation
- Extra Water Allowed Max Rate Soil Imigation Depth
" None Fraction Depletion (cm/day)
¢ Over Canopy -  Root Zone
€ UnderCanopy |01 0.84 7.2 " User Specified (cm)
Soil Layers

Number of Horizons: [8_ Update Horizons |

Thick p Max Min
(cm) @/cm® Cap. Cap. OC(%) N Sand(%) Clay(%)

[0 156 o5 [0022 Jos2 [0 [s23 [aa
[0 156 o5 [oo17 o0 [ [o15 o7
0 [162 Jo22 [oos2 Joie I [e97 |59

V' Simulate Temperature
Lower BC Temperature (C)

o

Albedo

e

O N 7 N CE O

Figure 4. PWC Tabfor Land Inputs

As discussed in more detail beldBEPA has developed several high vulneragpdiyndwater leaching
scenariog@nd additional relevant surface water scenarios that reflect conditions less vulnerable for
groundwater leachintpat carbe downloadeandwill fully populate this tatas shown abavwdoweverto

better represent local conditjohs user carefinescenarios tailored to spec#gidualsipplication areas.

The following aspects of usoeto@finaasdedario anemsifollewst h at

N

Scenario IDStarting from an existit$s EPA groundwater or surface water scenario is a good
approach to building a custom scenario. See the PWC documentation fay &taldihg
o0standarddé scenari os

»

Weathertime seriesThe weather file buttorpens a file browser to allow for selection of weather
files.The weather information must contdily precipitation, pan evaporation, temperature, wind
speed, and solar radiatiomdmust be in the s& format as PRZM ather files (see PRZM

manual) Weather files formatted for PRZM, boty&r and 109Qear time series, are available for
download in association with the PWC model from EPA. Choosing a weather file associated with a
station near theesidualgpplicatiorregion of interest is recommended.

a»

Hydro factorsTheseare inputs that generally affectitpdrology neahe surfaceThese
parameters vary geographically and are not crop or soil dependent

'
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»

Irrigation. The user can enter information regartbnglirrigation practicesrrigationmay affect
the overall leaching procasd potential for PFAS to reach groundwater

»

SoillayersThese are the parameters describing different properties of the soil horizons: horizon
thickness and porositgaximumcapacityor also referred as field capagity)imum capacity (or

also referred aslting poin), and organic carbon content. In addition, temperature related soll

properties can be activated and spe&f&sE leaching predictions will be sensitive to soil

parametersThe PRZMsoil propertiesan be customized to reflect local condaiotislerived from
soilsurveygs6 r om a farmds tecHhiecalbi$sepvioperpiesi ass
screening level groundwater scenarios are designedhtebecov at i ve and represen
leaching potential.

4.4, Crop Inputs
Inputs related to tlemulatedccrogsareprovidedn the PWC Crop tab shownRigure5. Exampldnputs
shown here adirectly from th&SEPA Delmarva Corgroundwater scenafite, butcan be modified
directly by the us@rersion 2.001 of PWC provides the capability to parameterize more complex cropping
cycles and rotations. However, d&EPA standard scenarios assume a single crqgecydar. For the
purposes of PFAS screening | evel l eaching simulat
standard scenariogrisstcommon but otharopping cyclscenarios may be appropriate

File Scenario Help

Chemical | Applications | Land  Crop ‘ Runoff | Watershed | Batch Runs | More Options | Out: Pond | Out: Reservoir | Out: Custom | Out:GW | Advanced |

(" Simple Crop Schedule (¢ More Complex Crop Schedules

' Crop Cycles < 1 year

Root —Canooy _ Post-Removal Foliage Planting  Lag From
Crop Cycles Per Year  Emerge Mature Removal Depth Cover Height Holdup fron) ooachy S
F Day Mon Day Mon Day Mon (cm) (%*) f(m) (cm) Applie e e a g bears
[ofa s [i5e [w00 [s8 [300 [o27 c ® 1 0
" Evergreen

" Crop Cycle > 1 year
Figure 5. PWC Tab for Crop Inputs

4.5. Runoff Inputs.

As mentioned above, PRAMoestimates contaminant maassporfrom surfaceunoff. This is

particularly important when the interest is to assess potential contamination of surface water. However, this
pathway islao important to properly account for contaminant that leaves the site and doegonot leach
groundwaterPRZMrequires inputs to parameterize both the runoff and erosion probessesputs,

with values frodSE P AleknarvaCorngroundwater scenariareshown inFigure6. The runoff curve

numbers are an important input for both surface water transport of chemicals and groundwater leaching
potentalUSEPAGOsSs screening | evel gto be highlgt coaseneatisadshese nar i 0 s
assume a runoff curve number of 10, essentially resulting in nenditieéinaximization ofleaching.

While acceptable for a highly conservative screening level assessment, more realistic runoff curve numbers car

'
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beapplied based WSEPAGds surface water scenarios or based

Service guidance on curve number sel¢BtiRGS, 1986)

PLIC|
File Scenario Help
Chemical | Applications | Land | Crop  Runoff ‘Watefshed | Batch Runs | More Options | Out: Pond | Out: Reservair | Out: Custom | Out:

No. of Day Mon CN USLEC N
Time-Varying

Factors 1 F? o e [ow ~ ¥ Use Lag Method for Te
1 2
s [ —
s [
I Specify year s I

e[

[

s [

o[ [

wl [ [

nl_ I [ [

-3 I | Y

(3 I I Y

20 | — —

s [

16 I Y N

17 I I Y .

wl [ [ [ —

wl [ v

PRZM35 Runoff & Erosion Extraction

17 USLEK Distribution of Runoff in Suface Distribution of Eroded Solids
134 USLELS = e e S
EUSLEF R-Depth (cm) |2.0 E-Depth (em) [0.1
[3_IHEG R-Decline (1/cm) W E-Decline (1/cm) r
[6 Sipe n) Hficiency |0.266 Hiiciency [1.0

Figure 6. PWC Tab for Runoff Parameters

4.6.Uncertainty of Input Parame ters

Considering thanhanyPFAS areninimallyvolatile and thahey degradeowy if at all themost important
chemical input parameter that may significantly gffeeddwater concentratipredications is the sorption
coefficientd . As discussed eatltbecurrent scientific literature reports a range of observed behavior
regardinghe partitioing of PFAShetweemnlissolved and sorbgidase soil. Given these uncertainties, an
initial set of simulations may considetdhassorption coefficient values provided by the literature,

typically equal to the laboratory minimum measured values. Under these conditions, the propensity for the
chemicals to be mobile is maximizadulatingthe worsttase leaching potential coiotis Asis he

standard practiée theUSEPA environmental fate parameter input selection guidance used with the PRZM
modelfor pesticide regulatigdS EPA, 2009bne can also considemg laboratorr fieldderived

expected sorption values, tmmér of which are generally considered to underestimate field. Sdrjstion
approachmay providabetter understaimty of PFAS leaching potenteahdexpected groundwater
concentrations reflectivaygdicalconditions in agricultural settingsom theperspective of determining the
limits of initial PFAS content iesidualshat are protective of groundwater, the findings under the most
conservative sorption assumpstoouldbe considered afirst screening step: biosolid applications with

initial PFAS content below this initial level may be considered protective of groundwater. If initial PFAS
content is higher, then the mtygical sorption behavior derived from available literaturecaad les

considered to further investigate potential P&gigihg.

'
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Other input parameters that the user should consider when trying to determine acceptable PFAS screening
levels are the effects of crop and land ifguais as irrigatior@ndthe effects aveathetime seriessoil
characteristicand aquifer epths.

5.Model Scenarios

For a screening lexassessmerd sound approach is to first assess the impact ofdésidwalspplication
patterns under the most vulnerable groundwater scdu@fiA has defined six screening level
groundwater exposuresarios that represent various regions and reflect very high vulnerability leaching
conditions and are assumed teepeesemitiveof all high vulnerability locations across the US. These
scenarios can be downloaded frorRY¥ME download link provided $ectior? and are characterized by

very sandy soils, low organic matter, and shallow depth to groundwater. They include two locations in
Florida and one each in Georgia, North Carolina, the Delmarva region, and WiscowspthEht®
groundwater range from 3 meters in Florida to 9 meters in Wisconsin. These scenarios are also linked to
specific weather files that characterize each simulatéd ateawn in the previous sectiond, ) BIEPA

scenarios provide all of the neamgsenvironmental and climate characteristics to conduct a simulation,
requiring only the chemical and application information from thé&asarPFAS leaching assessment,
evaluatingallSMSEPA screening | evel scerrarsiedds swewnlad i o®sVv erx
across the US.

Refinement of these scenarios to reflect more geographically specific conditions is typically conducted if a
chemical exceeds a maximum concentration level in one or more of the screening level scenagds. As describ
above, the user can specifiyealbssary PRZiMput parameters to tailor the scenario to specific local

conditions These includerop characteristics, weather, irrigation pradibes hydribgicfactors, and sail

horizon properties that best repre fields aesidualspplicationn the region of intest In addition, one

can study the effect of alternative application praetjcapplication ofesidualshat occur only for a
certainnumberof years avery otheyear

It is also wortimentioningthatUS EPA has developadmerou®?RZMscreening level scenarios tailored to

surface water exposurgr(king water andcological assessménts These do not necessar |
c as e 6 deenariodiutitheygan be used &stimatd®FAS surface water concentratiotiewing land

application ofesidualeontaining PFASn addition, thesscenarios can also be us¢dealasis for a

groundwater leachirsgenario characterization of a particular geographic region. The usemgadityen

some of the relevant input paramefi@re&xampldifferent soipropertie®r crop characteristics. A practical

example witltustomizedcenario is provid@dSectiory.

6.Model Simulations and Results

Once model inputnd scenarios are seled®®iZMis run through the PWC interfate predict potential
PFASconcentration igroundwater. This section provides a description of the available outputs and how
results can be analyzed.

6.1. Running PRZM Groundwater Scenarios
The screening level estimated PFAS concentrations in groundwater and/or associated maximum allowable
concentrations iresidualean be determined through simulatioBAgroundwatescenarios and/or user
specified scenarios representative of the tingss&everalutputs are available from thegeC
simulations to character@@emical concentratioimsgroundwater An example of these outp#sed on
the DelmarvaCorngroundwater scenario are showrigure7 below.

'
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File Scenaric Help

Chemical | Applications | Land | Crop | Runoff | Watershed | Batch Runs | More Options | Out: Pond | Out: Reservair | Out: Custom  Out:GW | Advanced |

Ground Water Concentration
0.02

0.018
0.016

0.014
0.012
0.01 =

0.008 Copy Graph
0.006
0.004
0.002

Concentration (ppb)

1910 1920 1930 1940 1950 1960 1970 1980 1980 2000
Year

Peak (ppb) Breakthrough Time (days)  Throughputs  Post Breakthrough Average (ppb)  Simulation Average (ppb) R
Parent [0.017223 [2126.534 [17.00372 [0.01278784 [0.01191432 [1.952863

Figure 7. PWC Tab for Groundwater Outputs

Standard PRZM outpusawailable through the PWC interface include

a

»

»

»

»

Peak concentratioffhis is the highest predicted concentradiegrageover théop 1 m of the
simulaed aquifer.

Breakthroughime. The average time that it takes a molecaleeaficato move from the soil
surface to the aquiférhis is also tha@pproximatéime necessary to reagarsteady state
concentration in the top 1 m aquifer.

Throughputs A throughput of one is required to expel the center of ntasslodmicgbulse

input. Near complete breakthrough will require several throughpiutsughput is calculated

based on the infiltration volume reaching the aquifer, the pore volume afnigiscéind a
Oretardation factordé describinpehowhtfasghpubowld
model run is less than one, modeling should be repeated with the appropriate extended weather file
(i.e., greater than tB@year standardeather file)n order to observe breakthrough.

Postbreakthrough averageepresents the approximate steady state average concentration of the
applied chemicalithin the top 1 m of the simulated aquifiéer breakthrough has occurred

Simulationaveragealue Thetemporal averagencentratioover the entire simulation period of
the verticahveraged top 1 m of the simulated aquifer.

As discussed abatés recommended that seves@nariosepresentative of the most vulnerable conditions
to chemicdkeaching to groundwatiee considere@or screening level studiessttenario resulting in the
highest predicted concentrations in groundyiiater the ensemble of scenarios consigeecidientifiedor

use in the risk assessme&he most significhgroundwater concentration metric considered in human
health risk assessment ispthst breakthrough average concentragpnesentingpngtermaverage
exposure.

'
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It is also possible to select d#RZMoutput parameters that may be helpful inraatiderstandinthe
chemical and water mass balahitce PWC talused for specifying additional outputions is shown in
Figure8.

PLC|
File Scenario Help

Chemical | Applications | Land | Crop | Runoff | Watershed | Batch Runs  More Options |0

Optional Output to the PRZM5 Time Series (zts) File

Daily volatilzation from field (kg/ha)

Cumulative volatilzation from field kg/ha)

Daily pesticide leached (kg/ha)

Cumulative pesticide leached (kg/ha)

Pesticide decayed in field kg/ha): from:’— cm to: ’— cm
Pesticide mass in entire soil profile (kg/ha)

Pesticide mass in part of soil profile (kg/ha):  from I— cm to: ’— cm
Pesticide mass on foliage (kg/ha)

Pesticide Mass in Equilibrium Region

I S e S S S S S S

Pesticide Mass in Nonequilibium Region

Precipitation (cm)
Evapotranspiration {cm)

Soil water in entire profile (cm)
Imgation (cm)

Infilration (cm) at a depth of cm

i N e i

Optional Waterbody Output Files

[ Create HED Files
[~ Addtional Frequency of Retum (years): |15

Figure 8. PWC Tab for More Output Options

The most sigificant ones with respect to PFA&sidualgpplications are:

»

Daily and cumulative chemical mass leached per unamdea

a Chemical mass per unit area in the entire/part soil .profile

6.2. Simulation Results Evaluation
The sensitivity ojroundwater conceation estimatdo input parameter uncertaiigyalsoan important
aspect to considehenassedsg the robustness of the findings feomanalysis of model results. There are
several general methods to investigate sensitivity of results witl resdettrgputs. A detailed summary
of these methods goes beyond the scopegoidhiscebut ample literature is available. A general
discussion in the context of PFAS leaching potential to groundwater is provided here.

In addition to more tailored vilar/soil/crop scenarios that may better characterize local conditions, the
main parameters thedin greatlgffecipredictecchemical concentratisare the sorption coefficient and the

depth of the water tabbedditional scenarios can be run byimguthhese parameters and stuglyow
estimatedroundwateconcentrations change. The main focus is to investigate how chemical concentrations
may increaggecreaseith respect to the primary analysis results, for example if the water table depth is
deceased or PFAS has a higher tendencyatisbebed to s@d higheth orv ). Application frequendy

'
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also aotherfactor that greatly affects restilt® worstcasepplication scenario, whaggplications occur
every yeais a good stamg point,but more ealistiapplication frequencisbould also be considered

For screening levatsessmenthe highest concentrations from the ensemble of the seasdlygistudy
case scenarisisould be determinedinothermore sophisticati method could weigh the different predicted
concentrations by the likelihood of the scenario (ihknavalternatively one can just include results with
their estimated variability.

Once the worst case/highest concentrafticimemical in the grouwdter @ (ng/l=ppt), is identified for a
given PFAS application rate (kg/ha), the PFAS screening level applicable mass per uait gkgéha)
for a specified drinking water level of concern DWLOCagpt)e identified as:

a -— OwL Lo
w

The ratiod 7o (kg/ha/ppt) is a dilutioattenuatiorfactor andndicates how much chemical mass applied

with agivenapplicatiorpattern(e.g, residualéand applied once every 1 ymsanecessary to increase the

chemical concentration in groundwater by oneTilrétbest agronomic practicas then be identifiedat

constrain theesidualsnass appliet levelsequired to keep groundwater concentrations below the

DWLOC. For exampléf the mass of chemical g per unit area is initially above this set screening level

a ,residualsan be dilutedrappliedat a lower rat® cover more argaducingheamount of chemical

mass appligger unit areaSimilarly, alternativiesidualapplication schedulean be investigated to

determine the appropriagplicatiorfrequency to meet groundwater concentration.lfnitsmplete

example of this outputbhy@tnap yEXamplse @roedtdiean itnh 4 th

7.Stepby-Step Example

This section walks through an exampkcodening level modeling simulagioom a study sponsoreditigy
Northeast Biosolids & Residuals Associ&tleBRA). This study assesgedential leachingp groundwater
of PFOA and PFO#hitially present in biosolids applathuallyon agricultural fields in MainEhemost
relevant spects of the study are summaiizéae following sectioms provide a complete case study on
how to use PRZM in a screening level PFAS leaching assessment

7.1. Chemical/Physical Inputs
As discussamteviouslythe key process affecting chemical potia@ingo groundwater is its propensity
to stay sorbed onto soil or dissolved in Whteproperty is describedthgsorption coefficient . The
variability of publishad values for PFOA and PF@@scompiled in a receptblication (Li et al., 2018)
percentiles for the published dataeperted irrablel.

Table 1. PFOS and PF@ Sorption Distributions (0 )

Ly (L/kg)
 Field/Lab | Min  25th  Median
Field | 100 | 380 | 832 | 257 | 3,311
PFOS
lab | 195 | 7.76 | 158 | 245 | 229
Field |0.708 | 447 | 145 | 575 | 724
PFOA
Llab | 0129 | 0.676 | 200 | 4.90 | 89.1
~]
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To be conservativégtinitialPFOS and PFOA leachisgnulations considered values set equal to the
laboratory minimum measured values provided by the lit¢ta®®rand 0.129 for PFOS and PFOA,
respectivelylUnder this condition, the propensity for the chemicals to beisnolikemized, therefore the

use of these values represents the worst peastiley potential from a chemical property standpoint
betterunderstand the effects of diffetenvalueson expected groundwater concentrations, someweselts
also generated usifigld median) values, which may be more reflective of actual Maine agricultural
conditionsUsers can also parameterizePlREM model sorption processes using galue, in which case

the sorption throughout the soil épendenbn the organic carbon contéfite higher the organic content

the moreghechemical is sorbed to soil. However, in the literature review publication by Li et al. (2018), they
did not find a strong correlation between sorption of PFOA and PRO&yaiiiic matter. By using the
minimum laboratory , sorption capacity becomes minimal and does not change across the soil horizons
because of different organic matter content, cagheingrscase leaching potential conditions.

The other relevant PRZM chemical physical parameters used &mtilatiens are summarizedTiable
2below Note thatllhalfl i f e val ues were set to .QO@edPRZMdi cati ng
chemial inputs not listed below are asdevanfor PFOA and PFO&nd thus left empty or zero).

Table 2. Environmental Fate Properties for PFOS and PFOAUsed in Current Modeling

Parameter PFOS PFOA

Lab minimum 1.95 0.129
Ka (L/KQ) - -

Field median 83.18 14.45
Molecular Weight- MWT (g/mol) 538 414
Vapor Pressure (torrat 25 °C 0.002 0.525
Solubility (mg/L)at 25 °C 680 9500
Henryds Const an| 851E05 | 0.00123

7.2. Application Inputs
Applicatiors of PFOA and PFO®ere modeled tmerepresentative typical biosolids characteristics
reported by NEBRA based upon practices commonly utilized in Malmiesuoiids producedtime
NortheastTo mimictypical biosolids application schegulese simulations consattapplications
occurring once every year for the entire simulation wéhdbde timing defined ame week befooern
plantingand with biosolids always containing the same amount of PFOA and®BS&ussed above, this
is a conservative assumption because nitrogen requirements for many crops may be exceeded in subsequent
application years due to a slow buidaf nitrogen from earlier biosolids land applications. Thus, biosolids
application rates would need to be downwardly adjusted. In aB&i@dnand PFOS concentrations in
biosolids have been slowly decreasinthevest decade.

As shown iifrigure9, abiosolidsapplicatiorwas assumed ticurone week before crop emergande
integrated into the first 15 cm (6 in) of soil, modeled in PRZM as linearly decreasiragioongehtdepth
(n). NEBRA provided data showing that the median cheroiwantratiogin biosolids is 5 ng/g (ppb) for
PFOA and 11 ng/g (ppb) for PFOS on a dry weight basis. Biosolids applied indredsddmed to have
a 22% solid content andreapplied at a ta of 44.82C wet kg/ha (2W/et us tons/acre). This resulted
annual application rates of21@g/ha for PFOA andd8mg/ha for PFOS (e,¢he mass rate of PFOA
appliedisi vpn mMTMc TR P EIEA 1T & JE A Ifinterested in
determiningheproperchemical application rate that doatslead to exceedance of a gd#hOC, then

'
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one can s¢ie simulations withny arbitrary chemical mass rateto calculate the dilution attenuation
factorQ @ T (which is independent of the initial chemical mass applied rate)

Number of Applications " Absolute Dates

1 =
*  Dates are relative to:

Update
Applications Application Method

Days Since Amount  Below Above @ T Depth T-Band
tkg/ha) Crop Crop Uniform Depth Band A v {cm) Split

Emerge Maturity Harvest
' r r

r Specify Years I? m - - - - ~ e « ’T

Application
Refinements

Applications occur every

[ Years)

Applications occur

from year |1
to year |last

Figure 9. PWC Application Inputs for PFOA

7.3. Land Inputs
Initially PFOA and PFOS leaching potentialesimulated using five of the six EPA screening level leaching
s@narios, including one from Florida (Florida Potato) and four from other regions (Georgia Peanuts, North
Carolina Cotton, Delmarva Sweet Corn, and Wisconsiih. Comsixth was excluded bec&liseda was
already representdw assess long tefeachingpotential, extended weather fileseused to simulate 100
consecutive years instead of the standard 30 years (these extended weather files are also available from the
PWC download link provided in Secttandare compriseaf the standard 30 year meteorological data
repeatedver 100 yearg).total of én screening level scenanieserun in this stagef the projecfive
scenarios and two chemi¢RIBOA and PFOSusing theninimum laboratory) values.

Additional PRZM simulations were run by considering scenarios that better represent Maine soils, weather,
and relevant groundwater depths. These scenarios
standard surface water PRZM sce(lsifiqpotatoSTD)

A soils analysis was conducted in GIS by overlaying agricultural land from the 2016 National Land Cover
Dataset (cultivated cropland and pasturegeayigurel0 with soil map units from the NRGSURGO

database. From the selected agricultural soils, the acreage of each soil series (by soil component name) was
calculated and the most common soil within each hydrologic soil group (A, B, C, and D) was identified.
These soils were Adams, Caribousteldi and Scantic for hydrologic groups A, B, C, and D respectively.

The soil parameters necessary for modeling with PRZM were then extracted, resulting indpacifiaine
leaching scenari(seerlable3).
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Legend

Agricultural Lands

| Hay/Pasture

- Cultivated Crops

Figure 10. Agricultural lands in Maine from 2016 NLCD. Soils underlying these areas were used to represent typical
soils for purpose of leaching modeling.

Table 3. Soil Properties for Maine Agricultural Soils Selected for Modeling

Min
Hydrologic Top Bottom Thickness ocC Bu_lk Max_ C""F""?C'ty
Grou Depth Depth (cm) %) Density z Capacity (Wilting
P (cm) (cm) (glcm3) | (Field) (%) | Point)
(%)
0 18 18 35 1.15 14.8 5.7
18 54 36 2 1.25 10.3 3.9
Adams A
54 69 15 1 1.35 8.2 2.3
69 165 96 0.25 1.4 5.2 0.9
0 18 18 55 1.13 27.6 8.3
Caribou B 18 48 30 3.25 1.25 36.7 11.8
48 152 104 0.5 1.48 21.8 9.3
0 18 18 55 1 20.7 7.2
18 41 23 2.5 1.1 17 4.6
Plaisted C
41 64 23 1 1.25 155 3.7
64 165 101 0.25 1.7 155 3.9
0 23 23 6 1.17 30.6 16.8
. 23 41 18 2.25 1.44 32 19.1
Scantic D
41 74 33 1.5 1.54 315 24.2
74 165 91 0.25 1.57 34.1 25.9
—~
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The weather station utilized was changed from Car

Patland, Maingfor a comprehensive list of available US meteorological data assembled by EPA to support
predictive exposure modelingBems et al., 20Q7)wo different depths to groundwater were simulated. A

1-m depth was chosen to reféebighly coservative assumptjanatching whasiassumed by some

regulatory agencigs.addition,simulations were rwmsinga secondquifer water tabepth of 4.57 m

based on an evaluation of groundwater depths from the Maine Geological Survey Water ¥eéell Databa
groundwater database (Maine DACF, 2019). The depth of 4.57 m represents the median of 7,924
measurements taken across the Bigteellshows on the left the standard Maine potato scenario PWC

land inputs anthe modified onemn the rightNotice the different weather file and the soil layer
characteristighat in thissxample amnimickingPlaisted sowith groundwater table depth of 1When

the water table depth was increased to 4.57 m, the only tiwodifedo increase the fourth soil horizon

thickness to 3.98 (0.36 m +3.57 m).

Figure 11. Modification s of PWC Land Inputs of the Maine Potato Surface Water Standard Scenario .
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