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Summary of Risk Findingsand Support for Risk Determination

1,4-Dioxane is a solvenisedin a variety of commercial and industrial applicatiomghe United
States|t is alsoproduced as a byproduct in several manufacturing procasdasy remainpresent
as a byproduct in consumer and commercial produatkiding soaps, detergenssd cleaning
products Health effects of concern for t@loxane include cancer and effects in liver dachage to
olfactory tissue (cells involved in smelPeople may be exposed to-txane through
occupational exposure, consumer products, or contact with water, land, or air wkdioxane has
been released to the environrh&om industrialand commerciadources or from consumer and
commercial productwashe& down the drain or disposed of in landfills

The2020risk evaluation for 14lioxaneevaluated risks from a range of occupational and consu
usesyisks to aquatic species, and risks to the general population resulting from incidental
recreational contact with water.did not evaluate general population exposures talibX¥ane in
drinking water or air and did not evaluate the full range of exps#iuaé mght result from 1,4
dioxane produced as a byproduct.

Thisdocument is gsupplemento the 2020 risk evaluatioft completes th&oxics Substances
Control Act (TSCA)risk evaluation for 14lioxane by (1) more comprehensively evaluating riskg
from 1,4dioxane present as a byproduatd (2) evaluating risks from general population exposu
to 1,4dioxane released to water, air, and lafls analysisidentified cancer risk estimates higher
than 1 in 10,0001x10 %) for a range ofypical and highkendoccupational exposuséo 1,4-dioxane
produced as a byprodutt.also identified cancer risk estimates higher than 1 in 1 milisa0 ©)

for a range of general population exposure scenarios associateld4adibxane indrinking water
sourced downstream of release sitesiaradr within 1 km of releasing facilitie®lthoughthese risk
estimates include inherent uncertainties tingbverall confidence in specific risk estimates varies|
the analysigprovidessupportfor the Agencyto make adetermination about whether igdbxane
posesanunreasonable risknd to identify drivers of unreasonable r&skong exposurgsr people
(1) with occupational exposure to igdoxane under some conditions of u&),who rely on sources
of drinking watedocateddownstream of release sif@sd(3) breathing air near release sites.

In parallelto this supplement, EPA is releasing apdatedisk determination for 1-4lioxane. EPA
has determined that d@loxane presents an unreasonable risk of injuhutoanhealth under the
conditions of useThatdeterminations based on informatiopresented ithe 2020risk evaluation
for 1,4dioxaneas well as in this 2024 supplemeBécause the risk determination is based in par
information beyond the scope of this supplement, it is presented as a separate document. Thg
presented in this supplement supports findings of unreasonable risk to workers and the gener
populatonfrom drinking water exposure from soroenditions of use

EXECUTIVE SUMMARY

Thisdocument is a supplement to theal Risk Evaluation for 14Dioxanethat waspublished

December 2020a(1 s o r e f e r2026 RE).EPA canductédhhés supplemental analysis because
contrary to the | awbs requirement for TSCA ri sk
s ub st an c econditionstbiused|go heterred to aSOUsor TSCA COUS, the 2020RE

excluded certain known human exposure pathways that are important to understanding the health
implications of exposure to kdioxaneT hi s suppl ement completes EPAOG:
chemical substance and positions the Agency to comprehensively address identified unreasonable risks
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1,4-Dioxane is primarily used as a solvent in commercial and industrial applications. It can also be
produced as a byproduct of several common manufacturing processes, inolitdiog limited to
ethoxylaton processes used the production of surfactants used in soaps and detergedigoduction
of polyethylene terephthalate (PET) plastics. Even though it is not intentionally adddohxade
produced as a byproducight remain present in consumer and commercial produictsluding soaps
and detergds, cleaning products, antifreeze, textile dye®l paints/lacquerd,4-Dioxane is released
to the environment from industrial and commercial releases and from consumer and commercial
productsthat are washed down the drain or disposed of in land?#eple may be exposed to-1,4
dioxane through occupational exposure, consumer products, or contact with water, land, or air where
1,4-dioxane has been released to the environnktadlth effects of concern for Xdloxane include
cancer and adverse effeatsthe liver and nasal tissue.

The 2020 RE did not evaluate risks fromo critical areasf1) general population exposures to-1,4

dioxane in drinking water or aiand(2) the full range of exposure that may result fromdigkane

produced as a byprodu@uring review of the2019draft risk evaluation, peer reviewers and public
commenters raised concerns that failure to consider these exposure pathways could leave portions of the
population at riskThese concerns include the fact thakdioxanehas beemletected in drinking water

and is not readily removed througbnventionalvatertreatment. In addition, 1;dioxane produced as a
byproduct results in occupational exposutteat were not evaluated in the 2@2B. Finally, 1,4dioxane
produced as a byproduct alsontributes to 14lioxane in drinking water through industrial releatges

water sourceas well aslownthe-drain (DTD)disposal of consumer and commercial products.

This supplemenéxpands on the analysis of COUs in which-digikane is present as a byproduct to
include additional COU®r which information is reasonably availalaled consider associated
occupational exposuremcludingPET manufacturing, ethoxylation processing, hydraulic fracturing,
industrial/commercial use of products containingdigkane as a byproducthis supplement also
evaluatesisks to the general populatiénincluding potentially exposed or susceptible subpopulations
(PESS) from exposureo 1,4dioxane throughirinking water or airesultingfrom all industrial
releasegincluding those resulting from Ekdioxane produced as a byproduct) as weD@b releases

of consumer and commercial products.

EPA released a draft of this supplement in July 2028.e A ¢ evalgatiod of additional human
exposure pathways included new methods and novel applications of existing ntlethagsesubject
to peer review at &cience Advisory Committee on Chemicg8\CC) meetingin September 2023n
addition, EPA received public comments on 20R@3draft supplementThis 2024revised supplement
addressspublic comments and SAC@commendations-ollowing publicrelease of this supplement,
EPA will initiate steg to address unreasonable risks identified througioitgpleteevaluation of 1,4
dioxane

For this supplemenEPA reled on the physical and chemical propertigsemicallife cycle

information, environmental fate and transport information,taatiazard identification and dose
response analysis presented in2B20RE. All hazard values used in trssipplementverederived

from thepoints of departur@ODs) previously peer reviewed by the SACC published in th020

RE. Some of the exposure scenarios evaluated in this analysis required duration adjustments to the
previously establishedazard values; however, the underlying hazard endpoints and PODs remain the
same.

In this supplementEPA evaluatedancer and nowcancer risks from occupational and general
population exposure scenarios using available modeling and/or monitoring informagoAgency
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evaluated occupational exposures through inhalation and dermal contact under a range of industrial and
commercial uses, including scenarios where exposures are expected to be highest. EPA evaluated
general population exposures to-tljdxane through drinkig water and air that could result from

releases to surface water, groundwater, land, an@ialve protective of PESS and sentinel exposures,
EPAdeveloped risk estimatésr the scenariggpopulationsand life stages with the highest levels of
potentialexposureincluding fenceline communitiefhe Agencyalso consideredtg-specific

exposuressuch agzombinedor additive releases from multiple releasing facilities within a siagler

water expsure pathway

Risks to Workers
EPA estimatedccancer and nenancerrisks for asetof newoccupationalCOUs wherel,4-dioxaneis
present as a byproduct

1 DermalExposure Dermal occupational exposure is expected to occur as aoésudtker
activities such as transfer operations, application efligpdane containing formulations, and the
cleaning of equipmenCancer risk estimates for derneadposurs rangefrom 8.1x10 ’ to
7.3x10 3 for central tendency exposure and frérix10 © to 2.8x10 2 for high-end exposures
across COUverall confidence in risk estimates for occupational dermal exposures is medium
for all occupational exposure scenarios.

1 InhalationExposure Inhalation exposure to d@ioxane is expected to ocdmased orscenarie
specificconsiderationslescribedn the bulleed itemsbelow.Cancer risk estimates for
inhalation exposure randem 4.8x10 ! to 1.9x10 “ for central tendency exposures dram
4.8x10 1°to 7.4x10 2 for high-end exposureacross COUbased on the distribution of exposure
estimatesOccupational exposure scenarios with highest estimates of risk from inhalation
exposure areummarized below

o PETManufacturingWorkers may inhalé,4-dioxanegeneratedsa byproduct of PET
plasticmanufacturingCancer risk estimates for inhalation exposure range 2@ri0 4
for central tendency exposures2.9x10 2 for high-end exposured.here is uncertainty
regarding theisk estimates becaufige extent to whiclthe monitoringdata reflect
currentpractices is unknowrDverall confidence in risk estimatis PET plastic
manufacturings mediumto high.

0 HydraulicFracturingOperations1,4-Dioxaneinhalationexposuresnay occurduring
hydraulic fracturing operations due to its documented preserscal® inhibitors,
additives, friction reducers, and surfactamded in fracturing fluid formulation€ancer
risk estimates for inhalation exposure range fe&b@8x10' © for central tendency exposures
to 2.5x10 # for high-end exposured.here is uncertaintyegardingthe model inputs used
to estimate exposuresd the extent to which they reflébe actual distribution of
hydraulic fracturing occupational exposures and workplace pradbeesall confidence
in risk estimates for hydraulic fracturing operationsedium to high

o EthoxylationProcessesl,4-Dioxane may be generated as a byproduct in ethoxylation
reactions during the manufacture of common surfacthatsesult in worker inhalation
exposureCancer risk estimates for inhalation exposure range &dwri.0 * for central
tendency exposures 54x10 4 for high-end exposured.here is uncertainty regarding
the risk estimates due to the low number of data paimdsige of certain data points.

There is alsaincertaintyin theworker activitiescovered by the monitoring data and
whether all foreseeable activitigorresponding exposures, and workplace operations are
representedOverall confidence in risk estimates for ethoxylation processasdsum
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o Textile Dye 1,4-Dioxane is present in textile dyes as an unintentional byproduct in
ethoxylated substances that may be used as a formulation component in textile dyes.
Cancer risk estimates for inhalation exposure range frori@.8for central tendency
exposures to 72410 3 for high-end exposures. There is uncertainty regarding the risk
estimates due to the low number of data points and high number-detexts. There is
also uncertainty in the worker activities covered by the monitoring data andewh#th
foreseeable activities, corresponding exposures, and workplace operations are
represented. Overall confidence in risk estimates for textile dying is medium.

Risk to theGeneralPopulation

Risks fromExposure through Drinking Wat&ourced from Surface WatdfPA estimated cancer and
noncancer risks for a range of general populaégposures$o surface water used asriking water
1,4-Dioxane is not readily removed through typical wastewater or drinking water treatment processes
Sources of 144lioxane in surface water includ&ectand indirect industrial releases from COUs where
1,4-dioxane is manufactured, procesdser used industrial COUs where 1;dioxane is present due to
production as a byproduct (including PET manufacturing, ethoxylation procasddsydraulic

fracturing operationsandDTD releases of 1dioxane presa in consumer and commercial products.

Monitoring data demonstrate that Hibxane is present isomesource water and finished drinking

water samples. Measured concentrations in finished drinking water samples resulted in cancer risk
estimates greater tham10 © at the highend of the distribution of monitoring samples. However,
available surface wateranitoring dataets are not designed to reflect source water impacts of direct and
indirect releases into water bodigsierefore, EPA estimated concentrations modeled for a range of
specific release scenaridghe Agencyevaluated the performance of thedetsagainstmonitoring data

from sitespecific locations serving as cases studiéss evaluatiordemonstratedeneral agreement
between modeled concentrations and monitoring data, thereby increasing confidence in risk estimates
based on modeled concentrations

EPAused modeled water concentrations to evalusks froma range osources individually and in
aggregatdi.e., by evaluating risks from water concentrations resulting from multiple sources-of 1,4
dioxane releasing to the samater bodies The Agencyevaluated cancer risksr individuals exposed
through drinking water over 33 years as well as for individuals exposedtid lifetime (78 years)-or
each of the sources assessamcerisk estimate®ased ormean drinking water ingestion rates o@8r
years of exposure tmodeled concentrations in receiving water bodies at the point of release may
exceedlx10 ® or 1x10 4 under some conditions.

1 IndustrialReleases t&urfaceWater Risk from individual facilities vary substantially within and
across COUs, with cancer risk estimates ranging Betm103to 25 x10 2. Overall confidence
in risk estimates for specific facilities depends on confidence in faspiegific release data, but
confidence in the overall analysis is meditonigh.

1 Downthe-Drain Releases t&urfaceWater EPA evaluated the conditions under whizhD
releases contribute to different levels of risk and identified plausible scenarios in which risks
from DTD releases result in risks greater than 1 million. Risk estimates from modelddTD
releases are highest in locations where large populations coatolibese releases and where
they are discharged to streams with low fl@verall confidence in this analysis is medium.

f HydraulicFracturing Releasds Surface WateiCancer risk estimates from modeled hydraulic
fracturing waste releases to surface water &8<30 8 for median modeled releases and
1.52x10 © for 95th percentile modeled releases. Overall confidence in this analysis is medium.
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1 AggregateReleases t&urfaceWater Probabilistic modeling provides a distribution of risk
estimates reflecting a range of drinking water scenarios that account for aggregate sourees of 1,4
dioxane in waterConfidence in risk estimates for specific facilities depends on confidence in
facility-specific release data used as model inand overall confidence in this aggregate
analysis is mediurto high.

The degree of ,4-dioxanedilution that occurs between the point of release and the point of drinking
water intakes is highly variable and s#jgecifig therefore it is a source of uncertainty in the analysis.
EPA used two different methods to estimate the impact of downstream dilution on risk estimates and
found that, under some circumstances, lifetime cancer risk remained ab®ae drthking water

intakes located downstream from industrial releases.

The impacts ofdnger exposure durations or higher drinking water ingestionwatesalso assessed

the revised supplement aresult in greater exposure atiereforerisk. Individuals exposed over a full
lifetime (78 years) could hawxposure and risk approximately 2.3 times greater than those calculated
for 33 years of exposurBecausesome people may live in a community ngéakdioxanereleases for

longer durations, EPA agrees with the peer review recommendation to utilize a full lifetime of exposure
for assessing lifetime cancer risks for fenceline communltiéstime cancer risk estimates based on

95th percentile drinkig water ingestion rates could result ito3! times higher exposures and risks than
those based on mean ingestion rates, depending on the age groups éfiasggh consideration of
alternate exposure factors such as lifetime and ingestion rates result in increased risks of less than an
order of magnitude, where the original estimates are close to the applicable benchmark, this could result
in changes to overall ristonclusions

Risks fromExposure through Drinking Wat&ourced from GroundwateEPA estimated cancer and
noncancer risks for a range of general population exposures to groundwater used as drinking water.
Sources of 14lioxane in groundwater include leachate from landfills and disposal of hydraulic
fracturing wasteDTD releases to septic fields from consumer and commercial products containing 1,4
dioxane as well as historical disposals of Hxane are other potential sourgef groundwater
contaminationhowever, theserere not considered in this ass@&nt.Overall confidence in these risk
estimates is low to medium.

f 1l.4Dioxane inGroundwater fronHydraulic Fracturing Cancer risk estimatéer people
exposed tanodeled groundwater concentratiaer 33 yearare4.0x10 "for median modeled
releases and.6x10 8 for 95th percentile modeled releases

1 1.4 Dioxane inGroundwateResulting fromL andfill LeachateCancer risk estimates increase
under scenarios with higher leachate concentrations and loadingvatesring data for
groundwater contamination surrounding landfillsrenot readily available for comparison.

Riskfrom Exposureéhrough Air. EPA estimated cancer and roancer risks for a range of general
population exposures fig4-dioxane inair. 1,4-Dioxaneconcentrations in air depend on the facility
specific release amount, stack height(s), topography, and meteorological co@ditaire specific
COUs.

Potential surces of 1,4ioxane in air include industrial releases reportetidxics Release Inventory
(TRI), fugitive emissions from hydraulic fracturing, and emissions from institutional and industrial
laundries.The highesestimated risks occurradthin 1,000 m ofindustrialrelease site£PA also
estimated risk fronthe aggregatexposuresrom multiple facilities releasg 1,4-dioxane in proximy

to fenceline communitie§ his aggregate analysis did not identify locations with aggregate caskcer ri
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greater than 210 ° that did not already have cancer risk above that level from an individual facility and
therefore dichot have a substantial impawttheoverall findings

T

Air Releasefeported to TRICancerisk estimate®ased or83- and 78year exposure
duratiors and95th percentile modeled air concentrations wvitth,000 m(approximately @

mile) of the highest risk facilities in each COehge from 1.810 °to 1.1x10 4 for 33 years of
exposure and from 240 °to 2.6¢<10 “for 78 years of exposur€ancer risk estimates based
on 33-year exposure duration ab0thpercentile modeled exposure concentratwitsin 1,000
m of the highest risk facilities range fromsx10 ! to 8.3x10 ° for 33 years of exposure and
from 5.9x10 1 t0 1.9x10 * for 78 years of exposurAlthoughindividual risk estimates for
specific locations should be interpreted with caution, most estimates are informed by moderate to
robust modeling approaches and input d@eerall confidence in risk estimates for inhalation
exposures resulting for air concentrations modeled for industrial releamgs from low to
high, depending on the level of confidence in release informatmaerlying risk estimates for
specificfacilities and COUs

Fugitive Air Emissionsfrom Hydraulic FracturingOperations Cancer risk estimatdsmsed on

33-year exposure duratiomithin 1,000 m of hydraulic fracturing operations range fra12x10'8

to 7.1x10 ° for a range of air model scenariasross a range of higgnd(95th percentile)and

central tendency release scenar@gerall confidence in risk estimates for inhalation exposures
resulting for air concentrations modeled based on releases from hydraulic fracturing operations is
medium.

Emissions fromndustrial andnstitutionallL aundries Cancer risk estatesbased on 33 year
exposure duratiowithin 1,000 m of industrial and institutional laundries range fronx1(6*!

to 3.8x10 8 across a range of higind exposure scenasi®©verall confidence in risk estimates
from inhalation exposures resulting from industrial and institutional laundries is medium.

Unreasonable Risk Determination

In parallel to this supplement, EPA is releasing an updated risk determination-fioxaAe The
Agencyhas determined that Xdloxane presents an unreasonable risk of injury to health under the
conditions of use. This determination is based on the information in the 2020 RE and this 2024
Supplement to the Risk Evaluation for-Dibxane including the appendices and supporting documents
(seeAppendix B. Because the risk determination is based in part on information beyond the scope of
thissupplement, it is presented as a separate doculenanalysis presented in this supplement
supportdindings that the following COUs contribute to unreasonable risks fedithydane:

1
1

=4 =8 -0_9_49_9_°5_24_-42._-2-

Manufacture (including domestic manufacture and import)

Processing (including repackaging, recycling,4morporative, as a reactant, and as a
byproductincluding ethoxylation processing and polyethylene terephthidt&®
manufacturing

Industrial/commercial use: Intermediate

Industrial/commercial use: Processing aid

Industrial/commercial use: Other uses: Hydraulic fracturing

Industrial/commercial use: Arts, crafts, and hobby materials: Textile dye
Industrial/commercial use: Cleaning and furniture care products: Surface cleaner
Industrial/commercial use: Laundry and dishwashing products: Dish soap
Industrial/commercial use: Laundry and dishwashing products: Dishwasher detergent
Industrial/commercial use: Laundry and dishwashing products: Laundry detergent
Industrial/commercial use: Paints and coatings: Paint and floor lacquer

Consumer use: Cleaning and furniture care products: Surface cleaner
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Consumer use: Laundry and dishwashing products: Dish soap

Consumer use: Laundry and dishwashing products: Dishwasher detergent
Consumer use: Laundry and dishwashing products: Laundry detergen
Consumer use: Paints and coatings: Paint and floor lacquer

Disposal

= =4 48 -4 -4

Analysis presented in the 2020 risk evaluation further supports the unreasonable risk conclusions for
some of the above COUs as well as other COUs not identified here.
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1 INTRODUCTION

1,4-Dioxanewas one of the first 10 chemicatsundergo th& oxics Substances Control AGISCA)

risk evaluation procedsllowing passage of th2016Frank R. Lautenberg Chemical Safety for thet21
Century Act, which amended TSCA. ioxane is primarily used as a solvent in a variety of
commercial and industrial applications such as the manufacture of other cheemg:zslesives,
sealants) or as a processing aid or laboratory cherticaproduced as a byproduct in several
manufacturing processes, including ethoxylation, sulfonation, sulfation, and esterification. Although
there are no direct consumer uses;digkane produced as a byprodircthe aforementioned process
canbe presenin commercial and consumer produygteluding soaps, detergen#d cleaning
products. Use of these prodsintay result in direct occupational and consumer exposbDisgosal of
these productdownthe-drain (DTD)may contribute to general population exposure tedig#ane
present irsomeU.S. surface watex

1.1 Regulatory Context

In the 2019 draft 14lioxane risk evaluation, EPA reviewed the exposuragardsand riskof 1,4
dioxanefrom occupational exposures and surface water exposures to environmental orgaalsms.
included the physical and chemical properties, lifecycle information, environmental fate and transport
information, and hazard identification and dossponse analysislowever, the 2019 draft risk

evaluation excluded general population exposures through drinkingamateirand conditions of use
(also refered to axCOUsor TSCA COU3$in which 1,4dioxane is present as a byproduct. These
exclusions were based in part on an interpretation that EPArbaddiscretionary authority under

TSCA tocategoricallyexclude conditions of use from the scope of its evaluations, and, as described in
the 20181,4-DioxaneProblem Formulatiogt that certain exposure pathways need not be considered if
they were under the jurisdiction of other EPA regulatory programs or analytical processes

These analyses wereviewed by the Science Advisory Committee on Chemicals (SN@Q01Q2 The

SACC raised a number of concerns regarding the evaluation and approach, but particularly noted its
concerns about the Problem Formulation straying
omission of wellknown exposure routes, and that genkrelt of comprehensiveness undermining

EPAG6s ability to protect agai n sAsstatedisthesmeeting h u ma n
minutes and finalrepotf r om t he July 2019 SACC meeting, fithe
Committee that the human health risk characterization did not extend to the general population since
there was no indication in the Evaluation that other offices in the EPA hasltplaonduct such a
characterizatio® Furt her more, fAseveral committee -member
dioxane exposure in the general population may leave substantial portions of the population at risk. This

i s particularly concerni ng fooncerdsrabount batentigl risksafrone r . 0
l4di oxane produced as a [EFAshooldpvide g detailedadiscossienrofd i n g
the scientific basis for the exclusion of impurity or byproduct formation eflib¥aned

Public stakeholders also raised concerns about water monitoring data demonstrating the presence of 1,4
dioxane in drinking water. Commenters also identified additional sources-diok@ne that had not

1The 1,4Dioxane Problem Formulation is availablenéps://www.epa.gov/assessiagdmanagingchemicalsunder
tsca/l4dioxaneproblemformulation

2 Additional information about SACC is availablertps://www.epa.gov/tsepeerreview/scienceadvisorycommittee
chemicalsbasicinformation

3The SACC July 2019 meeting minutasd final reportDocument IDEPA-HQ-OPPT201902370064)are availablet
https://www.regulations.gov/document/ERAQ-OPPTF20193023 70064
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been assessed, including COUs in whichdigkane is produced as a byproduct, and raised concerns
that some of these COUs may be an important source of exposuredioxgde in water.

In Novenber of 2020EPA released supplement to the draft tdloxane risk evaluation for public
comment. ThéNovernber 2020 supplemei the draflassessed eighdditionalCOUs of 1,4dioxane

as a byproduct in consumer products and general population exposure from incidental contact with
surface water. ThEPA determined that the additional analysis did not warrant SACC reagavo

novel science was utilized

In December 2020, thiegencypublished thé=inal Risk Evaluation for 1 ioxane(alsoreferredto as
t he 020298 EFRAE2020c The 2019 draft and 2020 supplement were both incorporated into
the 2020 FE, whichassessedsks for

1 worker and occupational narser (ONU) exposures to igdoxane through 16 industrial and
commercial COUS;

1 consumer and bystander exposures tediggane present as a byprodtiateight consumer
product categories;

1 general population exposure via incidental/recreational contact wtlidxdne present in
surface water from industrial releases; and

f aguati c speci e-didxane prgsensirusuriace wateo. 1, 4

In January 2021, the White House iss@s@cutive Ordefl3990 instructing that thfederalgovernment
be guided by the best science and be protected by processes that ensure the irfesdgitgl dfecision
making, and established the Administrationos

po

improving public health and protecting the environment, limiting exposure to dangerous chemicals, and

prioritizing environmental justice vem delivering on these concer&secutive Ordefl3990 also
instructs agencies to (1) review actions issued betdaemary 20, 2017, and January 20, 20&fich
may be inconsistent with or present obstacles to implementing the policy established detlzngr
(2) consider suspending, revising, or rescinding such actions.

Upon further review, EPA determined that the approach taken RO2& RE(i.e.,the exclusion of

reasonably foreseeable exposures to workers, as well as exposures to the general population from air,

water, and disposal) was inconsistent with the plain language of TSCA section 6 and left potential
risksd including risks to potentially exposed and susceptible subpopuldB&®S§ unaccounted for
The | awbés requirement that EPA conductCOUs$ s k
requirestheAgecy t o det er miC@Usand tb mot othéreise exclade th&@eUs fom
the scope of the risk evaluation

In June of 2021, EPA announced that additi@mallysisvas needed to consider critical exposure
pathways not assessidthe final risk evaluationfor the first D chemicalgincluding, but not limited
to, ambient air, ambient water, and drinking watéoy many of the first 10 risk evaluatiofsP A
appliedtheDraft Screening Level Approach for Assessing Ambient Air and Water Exposures to
Fenceline Communities Version JJpiblished in January 2028 determine whether further analysis
was neededror 1,4dioxane however EPA determined that a more-gtepth analysisvas needed to
address ancerns about known drinking water contamina{mescribed in Sectioh.3.1.3 and to more
fully evaluate COUs in which 1;dioxane is present as a byprod(gescribed in Sectioh.3.1.), and
signaled its intention to repen andormally supplementhe 1,4dioxane risk evaluation

eV a

4 Byproduct means a chemical substance produced without a separate commercial intent during the manufacture, processing,

use, or disposal of another chemical substance(s) or mixture(s).
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This 2024supplement to the 2020 R&intended to complete the risk evaluation on the chemical
substance 1;dioxane as required under TSCA (dy expanthg the analysis of COUs in which 1,4
dioxane is present as a byproduct to include additio@dls andconsiderassociate@ccupational
exposures; and (2) evaluag risks from general population exposures todigkane released to surface
and groundwater, air, and land.

EPAG6s evaluation of these additional human expo
applications of existing methodBhis supplement is the first under amended TSCévaduate:

exposures and risks from a chemical produced as a bypradgcggate risks for communities relying

on drinking water sourced from surface water receiving a chemical from multiple soiske&r

communities relying on drinking water sourced from groundwatggregateisks for communities

exposed through air neanultiple release sitesndconsideration of multiple years of environmental

release data

In July 2023 EPA released draft of this supplement and a draft update to the risk determirfation
1,4-dioxane Thenew methods and novel applications of existing metimorladed in tlis supplement
were subject to peer review aBACC meeting in September 2023. In addition, EPA received public
comments on the drafif this supplementThe Agency onsidered all SACC recommendations and
public commentsEPA provides responses to major comments in a response to comment document
accompanying this revised suppleméngjor revisions rade to tis revised supplement in response to
SACC and public comment include

1 Revisions tdOccupationalExposure andrisk Estimates: As detailed imMppendix K exposure
and risk estimates for some COUs wereisedbased on revisions tdonte Carlo models,
revised model input assumptigasdor incorporation of additional data recommended by the
SACC or submitted through public commentsome casgshese revisions increased or
decreased risk estimates by up to an order of magnitudetiiarCOUsthese evisions hacho
guantitative impact on risk estimates.

1 Revisions tRelease Assessmentss detailed inAppendix K EPA revised release estimates for
some COUs baseon revised Monte Carlo models and alternate input assumpfons
hydraulicfracturing releases to surface water, the revised release estimates were used to generate
revised exposure and risk estimates. For other revised release estimates, EPA did not revise the
corresponding exposure and risk estimates because the magnitueleloditige was not
expected to be sufficient to alter overall risk conclusions.

1 Consideration ofAlternate ExposureFactors AlthoughEPA retained risk estimates based on
original exposure assumptions, the revised supplement discusses the extent to which alternate
assumptions about exposure amount and duration would increase risk eskoratgample,
while EPA originally assessed risks for the general population associated with 33 years of
exposure to 14ioxane through air or water, the revised supplement includes consideration of
risks resulting from a full lifetime (78 years) exposure.

1 Consideration ofAggregate Riskacross RoutesAlthoughEPA retained risk estimates based
individual routes, the revised supplement discusses the extent to which aggregation across routes
would alterrisk conclusions.

1 Clarifications on Methods In an effort to improve clarity and transparency in response to
comments on a range of topics, EPA made revisions to the narrative throughout this revised
supplemenby providing more detailed explanation of methodologies, approaches, and
assumptions.
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In tandem with this revised supplement, EPA is also releasing a revised risk determination for 1,4
dioxane The revised risk determination takato account revisions made to this revised supplement as
well as public comments received on 8823 draft risk determinatiorf-ollowing release of this revised
supplemenand the revised risk determinatjd&EPA will initiate steps to address unreasonable risks
identified through its complete evaluation of-tidxane

1.2 Scope

This supplement is intended évaluate risks from exposure pathwaysi COUdor 1,4-dioxanethat

were not assessauthe 2020 REAdditional exposure pathways and new COhiduded in this
supplementvere identified based on information submitted in previous public comments and other
reasonably available informatioRor the current analysis, EPA is relying on the physical and chemical
properties, as well as lifecycle information, environmental fate and transport information, and hazard
identification and doseesponse analysis presented in the 2020 RE (Sectiorik4,.2,1, and 3.2 of the
2020 RE, respectivelyfurthermore,his supplement does notegaluate the occupanal, consumer,

or ecological exposure pathways and risks that were previously assessed in the 2020 RE

This supplement more fully evaluates COUs in whichdigkane is present as a byproduct (described
in Sectionl.3.1.). Specifically, EPAconsidered J4-dioxanepresent as a byproduct in commercial
products(corresponding to the consumer products considered in the 202THEAgencyalso

identified a new set of COUSs, based on reasonably available informatiere 14-dioxaneis produced

or present as a byproddctncluding ethoxylation processing, polyethylene terephthalate (PET)
manufacturing, and hydraulic fracturin more detailed list of the new COUs and COU subcategories
considered in this supplement is presented in Se2tihd

This supplement to th2020RE evaluats risks forthe following exposure pathways:

1 Occupationakxposure to
o0 1,4dioxane preserds a byprodudh commercial product&orresponding to consumer
products considered in the 2020 R&nd
o0 1,4dioxaneproducedr presents a byprodudh additionalindustrial COUs for which
information on the presence of 4dibxane is reasonably available, including
ethoxylation processing®ET manufacturingand hydraulic fracturingSections3.1,
5.2.1).
1 General populatioexposures$o
0 1,4dioxanepresenin drinking watersourced from surface watas a result oéll direct
and indirect industrial releases andD release®f consumer and commercial products
(Section2.3.], 3.2.2and5.2.2.));
o 1,4dioxanepresent in drinking water sourcé@dm groundwater contamitedas a result
of disposals (Sectiors3.2 3.2.2.2and5.2.2.1.9; and,
o 1,4dioxane released to air from indust@ad commerciasourcegSection2.3.3 3.2.3
and5.2.2.3.

Many of the COUs assessed in this supplement contribute to more than one exposure pathway. For
example, 1,4ioxane present as a byproducP®&ET manufacturing magontribute to occupational
exposures during manufacturing \&ell asgeneral population exposures through releases to water and
air. In addition, for many of the exposure pathways assessed, multiple COUs contribuigidaené
exposure. For examplmany COUs can contribute to general population exposures-thakdne in
surface water, incliling industrial releaseom a range of COUs aridTD releases of consumer and
commercial productdn this supplement, BA evaluated general population exposures resulting from
each type oknown releases, includingleasesssociated with COUsvaluatedn the 2020 RE and
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releases associated witbw COUs introduced in this supplement due to the presencedibkahe
produced as a byproduct.

1.3 Use Characterization

1.3.1 Conceptual Models

Thelife cycle diagramfor 1,4dioxanein Figure1l-1 summarizes the conditions of use that are within the
combined scope of the 2020 RE and the current supplefrteziife cycle diagram has been updated
from the 2020 RE tbighlight additionakources of 14lioxane produced as a byproduct, including
commercial products and industrial usedeasesand disposalse(g.,PET manufacturing, ethoxylation
byproductsdisposal of hydraulic fracturing produced waters)
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MFG/IMPORT

PROCESSING INDUSTRIAL, COMMERCIAL,

CONSUMER USES

RELEASES and
WASTE DISPOSAL

Manufacture
(includes import)
{1 million lbs.)

Processing as a

Repackaging
(270,000 lbs.)

Mon-incorporative

Industrial Uses

e.g., wood pulping, etching
of fluropolymers

Functional Fluids

(Open and Closed Systems)
{<150,000 Ibs.)

e.g., hydraulic fluid

Uses

Consumer Uses
{Present only as Byproduct)

Floor Lacquer

Cleaning and Fumiture
Care Products
e.g., Surface Cleaner

Laundry and Dishwashing

Commercial Uses

— »  Reactant/Intermediate (Present only as Byproduct)
[{Not reported in 2016 COR) Processing Aids, Not
Otherwise Listed - e < —
{270,000 Ibs.) Paints and Coatings Paints and Coatings
! i e.g., Latex Wall Paint or

e.g., Latex Wall Paint or
Floor Lacquer
Cleaning and Fumiture

Care Products
e.g., Surface Cleaner

Laund ry and Dishwashing

Industrial uses including 1,4-dioxane as a byproduct
(e.g., ethoxylation processes, PET manufacturing, and hydraulic fracturing operations)

3 Activities
(270,00 lbs.) Laboratory Chemicals .o Dish Z;o:uc;shwasher Products 3
<150 Ibs £ P, e.g., Dish Soap, Dishwasher
[ ,000 1bs.) Detergent, Laundry Detergent, Laundry — Disposal
e.g., laboratory reagent Detergent Detergent
- Arts, Crafts and Hobby ——————— -+
Adhesive Sealants Materials Arts, Crafts and Hobby
e.g., film cement e.g., Textile Dye Materials
= e.g., Textile Dye
Other Industrial U . S
erindustrial bses Automotive Care Products
e.g., spray polyurethane . Automotive Care Products
L . 2.2, Antifreeze
foam, printing and printing ez, Antifresze
— Recycling — mmpDSitiD_”SJ dry film Other Consumer Uses | ]
— lubricant e.g., Spray Polyurethane Other Consumer Uses
Foam e.g., Spray Polyurethane
Foam, Antifreeze

T

Byproduct

> Uses from

Manufacturing

Figure 1-1. 1,4-DioxaneLife Cycle Diagram

Note: This life cycle diagram has been expanded from what was published in the 202h&&d® additionakources ofl,4-dioxane produced as a

| Assessed in the Supplement to

the Risk Evaluation

byproduct(indicated in blue boxespeeAppendix Dfor a complete table of COUs considered in the 2020 RE ahsuppplement.
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1.3.1.1 1,4Dioxane as a Byproduct
1,4-Dioxane produced as a byprotlatay be a source of exposure for several of the occupational and
general population exposure pathways evaluated in this suppldgpmduct refers to a chemical
substance produced without a separate commercial intent during the manufacture, processing, use, or
disposal of another chemical substance(s) or mixture(s). In this assessment, the term byproduct is used
to refer to 1,4dioxane produced during manufacturing or industrial processelsiding 1,4dioxane
thatremainspresent in downstream processes consumer and commercial products.

In the 2020 RE, EPA evaluated risks to consumers and bystanders frdioxXgde present as a

byproduct in consumer products. In this supplement, EPA expanded on the previous evaluation to
consider risks from all other pathways of exposure talig4ane poduced as a byproduct for which
information is reasonably availabEigurel-2 summarizedothwhat is known about the processes that
may result in 1,4ioxane production and how it may contribute to human exposures through a range of
exposure pathways.

Source Occupational /3 General population
chemicals exposure ' Direct and indirect* exposure through air
industrial releases to or drinking water
J Chemical A air and water
1,4- d|oxane ! \
— ——

processes
produced as a

? E (ethoxylation, | "byoroduct of
esterification, P AAAA
sulfonation,

manufacturing

%.r

...in many types of  gifation) O 8 Consumer and
manufacturing > occupational
facilities exposure gy .'®.

Removal of 1,4-dioxane
prior to product
formulation and releases

\,")

Down-the-drain

*
Consumer and releases

commercial products

*these releases may also go to wastewater treatment plants

Figure 1-2. Production of 1,4Dioxane as aByproduct and Potential Exposure Pathways

1,4-Dioxane is produced as a byproducs@veracommonmanufacturingeactionsincluding in
manufacturingf PET plastics anoh ethoxylation reactions during the manufacture of common
surfactantsin some facilities, additional processing steps may removdidyxne produced as a
byproduct prior to product formulation and environmental reledmgghe full extent of this practice
across industries is not know@ccupational exposure to igdoxane produced as a byprodowiy
occur at manufacturing €¢dities and hydraulic fracturing operatiorRelease®f 1,4-dioxane from
manufacturing and industrialtes may alscontribute to general populati@xposures through drinking
waterand air.

1,4-Dioxaneproduced as a byproduaas also been detectedconsumer and commercial prodycts

resulting in potentiaéxposurdgo consumersindbystandergevaluated in the 2020 RE) workersand

ONUs (evaluated as described in Sectih.?. For examplegdermal and/or inhalation exposuresltd-
dioxane are expectddr workersduring the use of dish soap and dishwashing detergent from unloading
and transferring detergent formulation, transport container cleaning, and washing operations due to the
presence of 1;dlioxane as a surfactamyproduct In addition, onsumer and commercial products
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containing 1,4dioxanemay contributdo general population exposurgsough drinking watewhen
releasd DTD.

In thissupplementEPAevaluated pathways of exposure to-didxane produced as a byproduct that
were not previously assessed. Specificalig, Agencyconsidered J4-dioxanepresent as a byproduct in
commercial product&orresponding to the consumer products considered in the 202GR&
considered the direct occupational exposures that result from use ofeh@serciaproducts as well
as theDTD releases ofonsumer and commerciatoducts whichcontribute to general population
exposures througsurface water. EPA also identified a new set of COUs whérdidxaneis produced
or present as a byproduct based on information submitted by public commenters and other reasonably
available information. For each of these new CQbls Agencyevaluated occupational exposure as
well as industrial releases that contribute to general population expegudegking water and aiiThe
available information supporting inclusion of each of the new COUs is described Betoare
detailedlist of thenewCOUsand COU subcategoriepnsidered irthis supplements presented in
Section2.1.1

The following COUs are known to produce -tibxane as a byproduct based on reasonably available
information, but 1,4ioxane produced as a byproduct may also be present in other industries that have
not yet been identified:

1 Industrial/ Commercial Use of Products Containing X[@oxane as a Byproductl,4-Dioxane
is present ira range of commercial products (includiegtile dyes antifreeze, surface cleaners,
dish soaps, laundry detergents, and paint and floor lacheealse it is produced as a byproduct
duringthe manufacturef ingredients suchs ethoxylated stactants While 1,4dioxane present
as a byproduct in consumer products was previously assessed, evaluatiediaXdné in these
corresponding commercial prodads new in this supplement. 1Iloxane present in
commercial products can result in occupational expasuremmercial settingas well adDTD
releases that contribute to general population exposiaesinking water

1 PET Manufacturing: 1,4-Dioxane has been identified as a byproduct in the manufacture of PET
(U.S. EPA, 2017 EPA does not have information on the byproduct concentration-of 1,4
dioxane in PETwhichis produced by the esterification of terephthalic acid to form
bishydroxyethyl terephthalate (BHE[Horkner et al., 2004 BHET polymerizes in a
transesterification reaction catalyzed by antimony oxide to form(P&kner et al., 20041In
2014, 20.6 million metric tons of PET were used in the United StalieSaniel and
DesLauriers, 20151,4-Dioxane produced during PET manufacturing may result in occupational
exposures and may contribute to general population exposures via releases to water and air.

1 Ethoxylation Processing 1,4-Dioxane may be formed as a byproduct of reactions based on
condensing ethylene oxide or ethylene glycol during manufacture of detergents, shampoos,
surfactants, some food additives, and certain pharmaceutitas, 2016. In cosmetic
ethoxylated raw materials and ethoxylated alkyl sulfatesdibdane has been detected at
concentrations of 0.48 tq4110 ppm(U.S. EPA, 2020cSaraji and Shirvani, 201 Davarani et
al., 2012 Black et al., 200). Polyethoxylated raw materials are widely used in cosmetic
products as emulsifiers, foaming agents, and disper@alatsk et al., 200)L They are produced
by polymerizing ethylene oxide, usually with a fatty alcohol, to form polyethoxylated alcohols
thatmay be used to synthesize other products such as sulfated saofi@eeagent. During the
ethoxylation process, l-dioxane can be formed as a byproduct by the dimerization of ethylene
oxide(Black et al., 200). The volume of 1,4lioxane produced as a byproduct of ethoxylation
reactions is unknowrl,4-Dioxane produced during ethoxylation processing may result in
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occupational exposures and may contribute to general population exposures via releases to water
and air. It also contributes to the presence oidiggane in consumer and commercial products.

1 Hydraulic Fracturing: Hydraulic fracturing stimulates an existing oil or gas well by injecting a
pressurized fluid containing chemical additives into the (&ls. EPA, 2022k1,4-Dioxane is
measured in fracturing fluid, a watkased fluid that contains several chemical addi@resin
waste fluid (produced water$jracFocus 3.0 contairself-reportednformation indicatinghat
1,4-dioxane is present in hydraulic fracturing fluid additives, as scale inhibitors, additives,
biocides, friction reducers, and surfactgi@$VPC and IOGCC, 2032According to the
FracFocus 3.0 database,-tliéxane is present in weight fractions ranging fromx28!! to 0.05
within hydraulic fracturing additives and 100 12 to 4.30<10 ¢ in hydraulic fracturing fluids
(GWPC and IOGCC, 20321,4-Dioxane has been documented to have a concentration of 60
Mg/L in hydraulic fracturing produced watdisester et al., 200)5The presence of 1.dioxane
in fracturing fluidmay result in occupational exposures. It may also contribute to general
population exposuresa discharge to surfaseater, groundwateor fugitive air emissions from
fracturing operations.

1.3.1.2 Occupational Exposures
The conceptual modei Figurel-3 presents the exposure pathways, exposure r@aridhazards to
peoplefrom industrial and commerciatleasse and uses of 1-dioxane Blue shadindhighlights the
exposures evaluated in this supplem®&brkers and ONUs mayave acuté8-hour) or chronic(annual
to lifetime) exposure® 1,4dioxane produced asbyprodud during PET manufacturing, ethoxylation
processesor hydraulic fracturing operationg/orkers and ONUs magisohave acute or chronic
exposures to 1;dioxane present as a byproduct in commercial products, including detergents, cleaners,
and lacquers.

Page35of 570


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10366193
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10291772
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10291772
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3229900

INDUSTRIAL AND COMMERCIAL ACTIVITIES/USE

EXPOSURE PATHWAY

INDUSTRIAL USES

Manufacture
(Including Import)

Processing:
*  Processing as a
reactant/intermediate
*  Repackaging
*  Non-incorporative
activities

Recycling

Processing Aid, Not
Otherwise Listed

Functional Fluids
(Open and Closed Systems)

Laboratory Chemicals

Other Industrial Uses

1,4-Dioxane as a Byproduct

COMMERCIAL USES
(Present only as Byproduct)

Paints and Coatings
e.g., Latex Wall Paint or
Floor Lacquer

Cleaning and Furniture
Care Products
e.g., Surface Cleaner

Laundry and Dishwashing
Products
e.g., Dish Soap, Dishwasher
Detergent, Laundry
Detergent

Arts, Crafts and Hobby
Materials
e.g., Textile Dye

Automotive Care Products
e.g., Antifreeze

Other Consumer Uses
e.g., Spray Polyurethane
Foam, Antifreeze

TP Liquid Contact
Vapor/Mist
| ] Fu.git.ive
Emissions

3

J

Waste Handling,
Treatment, and Disposal

e

Wastewater, Liquid Wastes, Solid
Wastes

EXPOSURE ROUTE &

DURATION

Dermal
(acute dose, chronic

RECEPTORS

ADD, LADD)

Inhalation
(8hr TWA, chronic

ADC, LADC)

HAZARDS

Hazards Potentially
Associated with
Acute and/or
Chronic Exposures

Occupational
Non-users

Assessed in the Supplement to
the Risk Evaluation

Figure 1-3. Conceptual Model for Occupational Exposures fromindustrial and Commercial Activities
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In this supplement, EPA evaluated acute and chronic cancer afwhnogr risks from occupational
inhalation and dermal exposures to-@lidxaneproduced as a byproduct during PET manufacturing and
ethoxylation processes, hydraulic fracturing fluids and waste containirdidkdne, and commercial
products containing 1;dioxane.

1.3.1.3 General Population Exposure
The conceptual model fRigure1-4 presents general population exposure pathways and hazards from
environmental releases and wastesociated with COUs (red, blue, and purple shading forssache
in the figurecorrespondto the environmental media whichthey release)lhe disposal and release
scenarios illustrated iRigure1-1, Figure1-2, andFigure1-3 all contribute to the releases to air, water
and land that may result in the general population exposures illustrdtgpire1-4. The general
population may be exposed to dibxane released to surface wdtdue shading)groundwatefred
shading)andair (purple shading)Drinking water exposures are evaluated based on releases to both
surface water and groundwater and these are each described in the drinking water subsection below.

EPAG6s evaluation of gener al popul ation exposur e
subpopulations (PESS)xposuredo 1,4dioxane through air and wateould result in risk tdenceline
communitiesAs defined in théraft Screening Level Approach for Assessing Ambient Air and Water
Exposures to Fenceline Communities VersionW.6. EPA, 2022)i(alsoreferred toas the 2022

Fenceline Repoit jenceline communities areembers of the general populatibat are in proximity

to air emitting facilities or a receivingater body and who therefore may be disproportionately exposed

to a chemical undergoing risk evaluation under TSCA section 6. For the air pathway, proximity goes out
to 10,000 m from an air emitting source. For the water pathway, proximity does not refer tdia speci
distance measured from a receivimgter body but rather to those members of the general population

that may interact with the receivingater bodyand thus may be exposed.
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RELEASES AND WASTES FROM
INDUSTRIAL / COMMERCIAL / CONSUMER EXPOSURE PATHWAYS EXPOSURE ROUTES RECEPTORS HAZARDS
USES

i

— Indirect discharge

Aquatic

Fish Ingestion— Species

y

Wastewater or
Liquid Wastes

1

!

Biosolids

|
|

ulic
Land .
Disposal Hazards Potentially
Associated with
Acute and/or Chronic
| Exposures
Soil -

E- Fugitive Emissions

- Land Pathway
Recycling, Other

- Air Pathway
Treatment

e -Water Pathway
- [ Jincluded in 2020 RE (No Revisit)

Figure 1-4. Conceptual Model for Environmental Releases and General Population Exposures
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The 2020 RE includedhaassessment @afcuteincidental/recreational general population exposure to 1,4
dioxane in surface water resulting from industrial releases. It did not evaluate risks from other general
population exposure pathways such as drinking water or air.

In thissupplement, EPA evaluated additional general population exposure via air and drinking water.
EPA evaluated acute (2#®ur) and chronic (annual to lifetime) cancer and-eancer risks from these
exposure pathways. Where datarereasonably available, EPA incorpomteleases of 1;dioxane
produced as a byproduct into these pathwalis. Agencyalso considered aggregate-tljdxane
exposures and risks from multiple releasing facilities or COUs for each pathway.

1.3.1.3.1 Drinking Water
1,4-Dioxane may enter surface water through direct and indirect industrial releageseleases from
consumer and commercial products wiastewater treatment facilitieand releases of wastewater from
hydraulic fracturing sitesSimilarly, 1,4-dioxane released or disposed of through various land pathways
may reachgroundwateunder some condition$here is potential for general population exposurés to
if contaminated surface water or groundwater are used as drinking lv&tieroxane is mobile in ater
anddoes not readily degrade in watAwrailable data indicate thatpical wastewater treatment and
drinking water treatmdmmethods are not effective at removing-tlidxane The subsectiabelow
explainhow general population exposures through surface and groundwater were considered

Surface WatePathway

1,4-Dioxane was included in the thitdhregulated Contaminant Monitoring R{leCMR3) (U.S. EPA,
20179 published in May of 2012 requiring community water systems to monitor fatidxéne

between 2013 and 2018ational and state water monitoring programs have detecteatidkdne in
drinking water and drinking water sources (as described in S&8dhD). In the absence of
monitoring data, timatingl,4-dioxanesurfacewater concentrations can be complex because in
addition to direct and indirect industrial and commercial releases, upstream sources from releasing
facilities andDTD releases of consumer and commercial products contribute to surface water
contamination.

EPA evaluated surface water concentrati@ection2.3.1) and drinking water exposuréSection
3.2.2.] that could result from direct and indirect industrial relea®&§) releases of consumer and
commercial products, and disposal of wastewater from hydraulic fracturingest@sised a novel
aggregate moded predict water concentration$ 1,4-dioxanethat could resulfrom multiple sources
that release 1;dioxaneto the same receiving water bodi8sirface vater concentrationsstimatedor
each source in isolation and from multiple sources in aggregation were used to evalnétd pote
exposuregSection3.2.2.] andrisks(Section5.2.2. from general populatioaral exposure to 14
dioxane in drinking water

Land Pathwayto Groundwater

Groundwater contamination with t¢doxane presents a potentiek when the chemical substance is
released téandfills, underground injection wells, or surfanogpoundmentsDue to its physical
chemical propertiee(g.,wat er s ol u lhaw constant) antHfate ahgrai@teristies(,
biodegradability, ha#fife in groundwater), 14lioxane is anticipated to persist in groundwater for
months to yearsThis persistence has resuliachigher 1,4dioxane concentrations in groundwater
relative toother medidATSDR, 2012. EPA considered potential for groundwater contamination
following disposal of waste containing igdbxane to landfills, underground injection of Hibxane
waste, and disposals of hydraulic fracturing waste containindi®ne.Groundwater concentrations
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estimatedor each sourcéSection2.3.2 were used to evaluate expos(Bection3.2.2.9 and risks
(Section5.2.2.1.6 for communities who rely on groundwater as a source of drinking water.

1.3.1.3.2 Air
Industrial releases to air include those from sites wherdityéne is manufactured intentionally as
well as those where it is producedpresentis a byproductn this supplement, EPA evaluated
exposures and risks for communities located near release sites (fenceline communities) because they are
the members of the general population that are expectedPB3®® due to their greater exposEBA
applied the methodology presented in2022fencelinereport(U.S. EPA, 2022)ito evaluate risks
from industrial air releases to fenceline communitif?A expanded the fenceline methodology to
consider multiple years of release data in this supplement in response to SACC recommehdations.
addition to considering risks from individual facilities, EPA evaluated risks from aggregate exposures in
cases where multiple facilities reporting -tlibxane releases to air were in proximitjie Agencyalso
evaluated potential risks to fenceline communities from air emissions-didkdnemodeled for
hydraulic fracturing operatiorend industrial and commerciaundries

1.3.1.3.3 AggregateExposure
EPA has defined aggregate exposure as fithe comb
chemical substance across multiple roulhteis and a
supplement, EPA&onsideedthe combined 14lioxane exposuranindividual may experience due to
releases to air or water from multieurcesFor general population drinking water exposure scenarios,
EPA evaluatedombinedexposure and risksom multiple sources of 1;dioxane in surface water,
including direct and indirect industrial release3D releasesand upstream background contamination
(Section5.2.2.9). For general population air exposure scenal®¥ evaluatedombinedexposure and
risk acrossnultiple facilities in proximity releasing to air (Sectibr2.2.3and Appendix].4). EPA
gualitatively consideredggregate exposures across exposure rouesross oral and inhalatioahd
across exposure pathway®(, across air and wateput did not quantitatively aggregate these
exposures due to uncertainties around the additivity of effects across Tdgeationale for the scope
of aggregate analysis in this supplement and remaining sources of uncertainty are further discussed in
Section5.2.4

1.3.2 Potentially Exposed or Susceptible Subpopulations
TSCAsection6(b)(H(A)r equi res that risk evaluations fAdet el
presents an unreasonable risk of injury to health or the environment, without consideration of costs or
other norrisk factors, including an unreasonable risk to a potentially exposed or susceptible
subpopulation identified as relevant to the risk evaluation by the Administrator, under the conditions of
use. OSettiBIBA 1 2) st at e potentibllg exposet dr susceptiblermubgopuldtion
[PESS]means group of individuals within the general population identified by the Administrator who,
due to either greater susceptibility or greater exposure, may be at greater risk than the general population
of adverse health effects from exposure to a chemicatau®sor mixture, such as infants, children,
pregnant women, workers, or the elderly. o

Considerations related to PESS can influence the selection of relevant exposure pathways, the sensitivity
of derived hazard values, the inclusion of particplgpulationsand the discussion of uncertainties
throughout the assessmeractors that may contribute to increased exposure or biological susceptibility

to a chemical includbfestage, preexisting disease, lifestyle activitiés.g, smoking, physical activity)
occupationabnd consumegxposuregincluding workers and occupational nasers, casumers and
bystanders)geographic factor&.g, fenceline communitiessociedemographic factors, nutrition,
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genetics, unique activitigge.g.,subsistence fishingaggregate exposures, and other chemical and non
chemical stressors.

This supplement considers PESS throughout the human health exposure assessment and risk
characterization. The hazard assessment andrdsgense analysis used in this supplement incorporate
all PESS consideratiommescribedreviously in the 2020 RESection5.2.3provides a summary of how
specific factors contributing to exposure and susceptibility were addressed in this assessment and
identifies remaining sources of uncertainty for PESS.

1.4 Systematic Review

EPA used the TSCA systematic review process described Drafit Systematic Review Protocol

Supporting TSCA Risk Evaluations for Chemical SubstaNegsion 1.0: AGeneric TSCASystematic

Review Protocalith ChemicalSpecific MethodologiegU.S. EPA, 2021g(alsor e f er r 20281 t o a's
Draft Systematic Review Protocoljo identify information needed to evaluate additional COUs and
exposure pathways considered in this supplerdgagendix Cprovidesadditional information on the

literature search strateggatascreeningevaluation, extraction, areidenceantegration steps

performed in support of this assessndemtcluding clarifications and updates made to the Dt

Systematic Review Protoctdl better address assessment needs for this supplement

1.5 Document Outline

This supplementpb the2020risk evaluatiorfor 1,4-dioxanecomprises the following sectioasd
appendices

1 Sectionl presents information on the scope of the suppleniteadso includesn overview of
the systematic review process used in this analikpigendix Aprovides a list of abbreviations
and acronyms used throughout this report wApeendix Bprovides the full name arlihks to
all supplemental documents associated withghplementA more detailed description tfie
systematic review protocol for this assessment is presentgzpendix G while Appendix D
provides a crosswalk of COUs with occupational exposure scenarios

1 Section2 presents an overview of releases and concentrations-didkdne in the environment.
A more detailed description of the industrial and commercial environmental release assessment
is presented idppendix E Methods for estimating environmental concentrations etlipdane
are described in more detail Appendix G(surface water)Appendix H(groundwater), and
Appendix J(air).

1 Section3 presents the human exposure assessment for occupational and general population
exposure pathway®etails of theoccupationaéxposure assessment are presentégpendix
F and details of the general population exposure assessment are presApfeehitix land
Appendix J

1 Sectiond providesa summary of the human health hazard and-desgonse assessment
previously published in the 2020 RE and descréhestionadjustments made for the current
analysis.

1 Section5 presents risk characterization based on the conditions of use and exposure pathways
evaluated in this supplememtetails of risk calculations and risk estimates are provided in the
set of supplemental risk calculator files listedppendix B Section5 also includes a
discussion of PESS based on both greater exposure and susceptibility, a description of aggregate
and sentinel exposures, and a discussion of assumptions and uncertainties and the impact on the
supplemental risk evaluation.
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Figurel-5 provides an overview of how the analyses presented in each section are integrated into risk
characterization.

Release Assessment Exposure Assessment Risk Characterization Hazard Assessment
Section 2 Section 3 Section 5 Section 4
( Occupational rOccupational Risk\ Occupational \
Exposure Scenarios Characterization hazard values for
[Inhalation exposure [ Inhalation risk ] acute and chronic
non-cancer and
[ Dermal exposure [ Dermal risk ] cancer (consistent
\- - with 2020 RE) )
ﬂ;eneral Population\ /(;.eneral Popu'latisln\ /General populatiorm
Releases to Exposure Scenarios Risk Characterization hazard values for
acute, chronic non-
surface water Oral exposures [ A cancer and cancer
Releases to through drinking Drinking water risk < —— hazard values
| land & groundwater \ water \ J (derived from PODs
) G p \ in the 2020 RE, with
nhalation :
i some duration
Releasesto air ]_> exposure Inhalation risk g adjustments)
b through air

NG \J ~ J
Figure 1-5. Overview of Analyses Included in this Supplemenb the Risk Evaluationfor 1,4-
Dioxane
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2 RELEASES AND CONCENTRATIONS

2.1 Approach and Methodology

2.1.1 Industrial and Commercial Releases
Releases to the environment are one component of potential exposure and may be derived from reported
data that are obtained through direct measuremamonitoring,calculations based on empirical data
and/or assumptions and models.

Theoriginal COUs for 1,4dioxane are summarized in Table bf the Final Risk Evaluation for 1;4
Dioxane(U.S. EPA, 2020x Additional COUsincluded in this supplemedue to 1,4dioxane produced

as a byproduatrepresentedn Table2-1. For general population exposures, this supplement considers
releases from all COUs (including the original COUs included in the 2020 RE and the additional COUs
associated with 1;dioxane produced as a byproduct). For occupational exposures, this supplemen
focuses on the additional COUs associated witkdig#ane produced as a byproduedr additional
information and context on the inclusion of these COUs in the supplement, refer toSkedtaomd 1.2

For the full table of COUs, including those previously assessed FirtaeRisk Evaluation for 14
Dioxane(U.S. EPA, 2020); seeAppendix D

A COU is a combination of life cycle stage, category, and subcategory, as shbadg-1. The COU
subcategory is the most granular description of theERA.mapped each COU to an occupational
exposure scenario (OES)he purpose of an OESto group where appropriat€OUsbased on
similarity of the operationand data availabilityor each COUFor each OEEPA estimateaiir, land,
and water releasesd occupational dermal and inhalation exposunes Agencymapped OESto
COUsusing professionglidgment based on reasonably availadita and informatiothat describe
how releases andxposurstake placevithin an occupationaCOU. EPA may group multiple COUs
into an OES if the release and exposure potentghigar acrosshe COUs and there is insufficient
data to differentiate the COUBhis grouping minimized repetitive assessmealiernatively, EPA may
assign multiple OESto one COU ithereareseveral ways in whichelease andxposure takes place
for thegiven COUand sufficient data exist to separately asties©OES AppendixD.1 shows mapping
betweenCOUs and OESSA crosswalk of th&COUs with theOESs assessed is provided Tiable2-1.

As shown inTable2-1, most COU life cycle stage, category, and subcategory combinations map to a
single OESwith a similar or identical name to the COU subcategbdigwever, for the COU

subcategory of dish soap, dishwasher detergent, and laundry detergent, EPA assignedsfqdi) OES
dish soap, (2) dishwasher detergent, (3) laundry detergent (industrial), and (4) laundry detergent
(institutional).Institutional use of laundry detergent equates to commercial use.

EPAassessed environmental releases (air, water, and landyeungational exposures (inhalation and
dermal) tol,4-dioxane for each of the OBS8sted inTable Apx D-1. EPA used the environmental

release estimates for each OES for subsequent environmental concentrations and general population
exposure calculations.

5 Reasonably available information is defined in TSCAat40 CFR7@G283 fii nf or mati on t hat EPA p
reasonably obtain and synthesize for use in risk evaluat

Page43of 570


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7697036
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7697036

Table 2-1. Additional Categories and Subcategories @@OUs and Associated OES#ncluded in the Scope of theSupplemert Due to
the Presence of 1 Dioxane Produced as a Byproduét

Condition of Use OES Mapped to COU
Life Cycle Stage Category’ Subcategory PP
Byproductproduced during the ethoxylation process Ethoxylation process byproduct
Processing Byproduct Byproductproduced during the production of polyethyle| Polyethylene terephthalate (PET)
terephthalate byproduct
IndustrialUse, Otheruses Hydraulic fracturing Hydraulicfracturing
CommercialUse
Paints anatoatings Latex Wall Paint or Floor Lacquer Paint and floor lacquer
Cleaning andurniture care Surface Cleaner Surfacecleaner
products
Consumeuse, Laundry anddishwashing Dish soap Dish soap
Commercial Use |products Dishwashedetergent Dishwasher detergent
Laundrydetergent Laundry detergent (industriél)
Laundry detergent (institution&l)
Arts, crafts, and hobby materia| Textile dye Textile dye
ConsumelJse, Automotivecare products Antifreeze Antifreeze
Commercial Use
Industrialpre-treatment
Industrial wastewater treatment
Publicly owned treatment works (POTW)
Underground injection
Disposal Disposal Municipal landfil Disposal
P P Hazardous landfil P
Other land disposal
Municipal waste incinerator
Hazardous wast@cinerator
Off-site waste transfer
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Condition of Use
OES Mapped to COU

Life Cycle Stage Category’ ’ Subcategory

COU = condition of use; OES = occupational exposure scenario

aNew COUs and associated OESs wherediggane is produced as a byproduct.

® These categories 6fOU reflect CDR codes and broadly represent conditions of use falidxdne in industrial and/or commercial settings.

“These subcategories reflect more specific uses dafidyéne.

d Laundry detergent use may occur in industrial, commercial, or consumer settings. Sufficient information was availata¢ety aspass each use setting
thus, there aremo OESO one for industrial and one for institutional, which equates to commercial use.
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2.1.1.1 General Approach andMethodology for Environmental Releases
For each OES, a daibir, land, andvater release was estimated based on annual releases, release days,
and the number of facilitiegigure2-1). The blue boxes represent primary sources of release data that
are used to develop annual releases, release days, and number of facilities. The information in the green
boxes is aggregated by OES to provide a daily release estimate.

Data reported to the Toxics Release Inventdfyl{ and discharge monitoring reports (DMRS) are the
primary sources of release data that EPA used for the release assedsnuemthe Emergency

Planning and Community Righb-Know Act (EPCRA)section 313, 1,4lioxane has been a TRI

reportable substance since 1987. The d&&abase includes information on releases oetiib¥ane to

air, water, and lari@l in addition to how it is being managed through recycling, treatment, and burning

for energy recoveryJnder the Clean Water Act (CWA)idace water discharges reported in Dd4Re
based on required monitoring as part of a facil
(NPDES) permitWhetre releases are expected but TRl and DMR data were not avéi&igle,
estimatedeleasesising data from literaturg@rocess informatiorrglevantemissionscenariodocuments

(ESDs) or genericscenarios (GSspr existing EPA modesl.

OES Daily Release
Estimate
Annual Releases Release Days Number of Facilities
TRI, DMR, ESD, ESD, GS, process TRI, DMR, U.S.
GS, modeling, information, Census Bureau,
process information assumptions ESD, GS

Figure 2-1. Overview of EPAG Approach to Estimate Daily Releases for Each OES
TRI = Toxics Release Inventory; DMRdischargamonitoringreport; ESD =emissionscenario
document; GS genericscenario

2.1.1.2 Water Release Estimates
EPA followed a similar approach for estimating industrial and commercial water reledtsaisl &s the
2020 REwith one key difference-ere the Agencyevaluated multiple years of data using data from
201310 2019TRI (U.S. EPA, 2022and2013to 2019DMR (U.S. EPA, 2022); as opposed to
utilizing 1 year of data.

Where water releases are expected for an OES but TRI and DMR data were not available, EPA
estimated industrial, and commercial water releases using two approaches. If athdabigncyused

data fom literature, ESDs, and GSs in conjunction with Monte Carlo simulation where sufficient data
were available to vary calculation input parameters to estimate industrial and commercial water releases
(see AppendixE.3for additional informatioh If no data from literature, ESDs, or GSs were available,
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EPA usedStochastic Human Exposure and Dose Simulation for High ThrougBplil)SHT) DTD
modeling.SHEDSHT predicts a per capita DTD loading of dibxane, which is combined with an
estimation of the population contributinggablicly owned treatment work® QTW) effluent on the
modeledwater bodystream to produce an estimated DTD load#ee Sectio2.3.1for additional
explanation of the DTD release modeling. Note that EPA only used SHHEOSTD modeling to
estimate commercial releases when no other reasoinédyimation was available, which was only the
case for the&surface cleaner OES.

Forthe followingOESs, EPA eithercouldnot estimate water releases due to lackeagonably
availabledata or information or did not expect water releases based on volatility and use patterns:

1 Functional Fluids (ClosedSystem§ Waterrelease data were not available for this OES.
However, EPA expects that the sources of release for this OES to be similar to those for the
Industrial Uses OE$per process information in ti2920 RE, Appendix G.6.4T.herefore, EPA
grouped thevaterrelease assessment for Functional Fluids (Cl&etems) into that for
Industrial UsesHowever, there is uncertainty in this assumption of similar release sources
between these OES

1 LaboratoryChemical, Film Cement, and Dry Film LubricantWastewater discharges
containing 1,4dioxane were not expected for these QE8eases fronthese OESare expected
to beto air from volatilizations and landfill/incineration from disposal of empty containers and
other wastg¢see2020 RE Appendix G.

1 Antifreeze Wastewater discharges containing-dlidxane were not expected for this OES,;
releases from this OES are expected to be to air from volatilizations during antifreeze changeouts
and to landfill/incineration from disposal of empty antifreeze containers &md gptifreeze.

1 Paints andFloor Lacquer. Wastewater discharges containing-@lidxane were not expected for
this OES; releases from this OES are expected to be to air from volatilizations during
painting/drying and to landfill/incineration from disposal of empty paint containers, used paint
brustes/rollers, or solvent washes of paint brushes/rollers.

2.1.1.3 Land Release Estimates
EPA used data from 2019 TRUJ.S. EPA, 2022hto estimate industrial and commercial land releases
that were mapped to each OES with the exception of the DisposaFOEtRat OES, EPA performed a
more detailed analysis using data from 2013 to 201YURI. EPA, 20225 Where land releases are
expected for an OES, but TRI data were not available, releases were estimated using reasonably
available data from literature, ESDs, and GSs in conjunction with Monte Carlo sim(Rdisade,
20223 to allow for variability in calculation input parameters where sufficient data were available to
inform such variability.

EPA dd notestimatedaily land releases due to the high level of uncertainty in the number of release
days This uncertainty is because facility operating days does not correlate directly to releases. For
example, a facility may wait until a dumpster or other waste receptacle is full before disposing of it.
Because these releases may oocua daily, weekly, and even monthly sc&®A used theannualland
releaseseported in TRI data or modeled without estimating land releases for a different frequency
(daily, weekly, monthly). See Appendix4for additional informationAnnual land releasestimates
were used to estimate potential groundwater contamination from landfill rebsadescribed in Section
2.3.2
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Forthe following OES, EPA was not able to estimate land releases due to lack of data or information or
did not expect land releases due to physical form, use patterns, and lack of data:

1 Manufacturing, Import andRepackaging, andrunctional Fluids (OpenSystems)Data from
2019 TRI(U.S. EPA, 2022hindicated that there were no releases ofdigkane to land from
facilities that EPA mapped to these OESs. EPA did not have additeasgnably available
informationto estimate land releases from these OESs.

1 Functional Fluids (ClosedSystems)See explanation in th@eceding sectiorilWater Release
Estimate

1 3D Printing: Industrial applications of this OE8eexpected to be accounted for in the
Industrial Uses TRI data. PAppendix G.6.8 othe2020RE, 3D printing ink containing 1;4
dioxane is used in research labs to print biomedical products. Because the 2019 TRltkata for
Industrialuses OES include medicinal and pharmaceutical manufacturing NAICS codes, medical
research labs that conduct 3D printing with-didxane inks may be captured in that OES.
Therefore, EPA grouped thendrelease assessment 8 Printinginto thatOESfor Industrial
uses.However, the extent to which all potential 3D printing sites that usdityéne are
captured in the Industrial Uses TRI data is unknown.

EPA also notes that théydraulicfracturingOESis associated with certain specific land reledlsat

may not apply to other OESSs, such as the releases of wastewater contakdiiogdnéto deep well
injectionor surface impoundments, which are considered land releases in this assédsen&gency
estimated these deep well injection and surface impoundment releases, which were used in addition to
landfill releases, to estimate potential groundwater contamination from hydraulic fracturing described in
Section2.3.2

2.1.1.4 Air Release Estimates
EPA appliedhe followingtiered approach to developing air releaseosureand risk estimates

1. Prescreeninganalysis
2. Singleyear fenceline analysiand
3. Multi-year fenceline analysis

2.1.1.4.1 Pre-screening Analysis
This analysis is described in tBeaft TSCA Screening Level Approach for Assessing Ambient Air and
Water Exposures to Fenceline Communidéied consisted of extracting data for all facilities reporting
1,4-dioxane air releases to the 2019 TRIS. EPA, 2022h The extracted datserereviewed to
identify the maximum single facility release reported across all reporting facilities. Additionally, the
arithmetic average (mean) value of all reported releases was calculated. These two release values were
usedfor further analysiso estimate exposure concentrations at select distances froaiehsing
facility.

2.1.1.4.2 Single-Year Fenceline Analysis
Where available, EPA used data from 2019 TRI to estimate industrial and commercial air releases in
accordance with thBraft TSCA Screening Level Approach for Assessing Ambient Air and Water
Exposures to Fenceline CommunitfesS. EPA, 2022)] Facilities are only required to report to TRI if
the facility has 10 or more futime employeess included in an applicablorth American Industry
Classification SysterfNAICS) code and manufactures, processes, or uses the chemical in quantities
greater than a certain threshold. Due to these limitations, some sites that manufacture, process, or use
1,4-dioxane may not report to TRI and are therefore not included in these datasets.

Page48of 570


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10480474
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10480474
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10555664

Where air releases are expedimdan OESbut TRI data were not availabledustrial and commercial

air releases were estimated using data from literature, ESDs, and GSs in conjunction with Monte Carlo
simulation(Palisade, 202340 allow for variability in calculation input parameters where sufficient data
were available to inform such variabilitgee AppendiE.5for additional information.

Forthe following OESs, EPA was not able to estimate industrial and commercial air releases due to lack
of data or information:

1 Functional Fluids (ClosedSystems)Se e pr evi ous @&MatpriReleaset i on i n
Estimate6 secti on above.

1 3D Printing: Industrial applications of this OE8eexpected to be accounted for in the
Industrial Uses TRI data. PAppendix G.6.8 othe2020RE, 3D printing ink containing 1;4
dioxane is used in research labs to print biomedical products. Because the 2019 TRltkata for
Industrial Uses OES include medicinal and pharmaceutical manufacturing NAICS codes,
medical research labs that conduct 3D printing withdlgkane inks may be captured in that
OES.Therefore, EPA grouped the air release assessmesDfBrintinginto thatOESfor
Industrial UsesHowever, the extent to which all potential 3D printing sites that usdidne
are captured in the Industrial Uses TRI data is unknown.

1 Textile Dyes EPA did not find relevant reasonably available-digxane or surrogate TRI data,
literature sources, sufficient process information, nor ESD or GS with air release estimation
approaches to estimate air releases for this OES. Therefore, EPA was notabiedte air
releases for this OES.

2.1.1.4.3 Multi -year Analysis
The multityear analysis incorporat€SACC) recommendations on thigraft TSCA Screening Level
Approach for Assessing Ambient Air and Water Exposures to Fenceline ComnjungiesPA,
20229 to evaluate multiple years of chemical release data to estimate exposures and associated risks to
fenceline communities. This is achieved by conducting a fadimfacility evaluation of all 1,4
dioxane releases reported to TTRIM 2015 through 2020. Data for these 6 years were obtained from the
TRI database (TRI basic plus files downloaded on August 5, 2022). Annual release tigtaifmxane
were extracted from the entire TRI data set for all facilities reporting air releaksgsdidxanefor one
or more years between 2015 and 2020. Facilities were categoriz€aEBisior exposureanodeling
purposes and later cresslked to COUs for risk management purposes.

2.2 Environmental Releases

2.2.1 Industrial and Commercial Releass
This section summaeresthe estimated aiwater, and landeleases for each OEtheweight of
scientificevidenceconclusiondor theseestimatesand the strengths, limitations, assumptia@m] key
sources of uncertainty for these estimates.

2.2.1.1 Release EstimateSummary
EPA estimated air, water, and land releases eflib¥ane using various methods and information
sources, including

1 TRI and DMR data for Manufacturingnport andrepackaging, Industrialses, Functional
fluids, 3D Printing, Disposal, PEJyproduct, and Ethoxylatiobyproduct,
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1 GSs and ESDs modeling with and without Monte Carlo for Laboratawnicals, Spray
polyurethandoam, Textiledye, Antifreeze, Dislsoap, Dishwashedetergent, Laundry
detergent, Paint anfdbor ;acquer, and Hydraulizacturing,

1 Process information for Filleement and Dryilm lubricant, and

1 SHEDSHT DTD Modeling for Surface Cleaner.

Note that SHEDSHT DTD modeling was conducted for multiple additional GIRESs, as described
in Section2.3.1andAppendix G however, commercial releases were assessed using alternate methods
as described above for all O&&her than Surfaceleaner.

EPA combined its estimates for annual releases, release days, and number of facilities to estimate a
range of daily releases fall OESs, including those presented in thecember 202&E. The COUs

associated with each OES are summarizélchisie Apx D-1. A summary of thesandustrial and

commercial releasder air, water, and land apesented iTable_ApxE-3, Table_ApxE-5, and

Table_ApxE-7, respectivelyThese release estimates are for total releases from a facility and may

include multiple points of release, such as multiple outfalls for discharges to surface water or multiple
point sources for air emissioridote that for some release estimates, there is uncertainty and variability

in the potential media of release.duchcases, EPA did not have sufficient information to partition the
release estimates between all potential media of release and they are replicated between the air, land, an
water subsections if there is overlap in the potential media of release.

EPA mappedhese releases by magstate, and tribal territory for the conterminous United States
Alaska, American Samoa, Guam, Hawaii, N. Mariana Islands, Puerto Rico, and the U.S. Virgin Islands
are notmapped since nestimated releasese known

Surface water releases as reported by TRI and DMRrasentedn Figure2-2. For surface water
releases, the data are divided based on the source of eaiaMR, TRI) and whether the release is
from a direct(on-site) source including onsitewastewater treatment systerosindirect (ffsite)
sourcewhere the chemical substance was taken to a different locatipotintialreleasesuch as a
POTW. The largest releases have been from PET manufacturBauith Caroling2,512,434 kg in
2019, Alabama (170,526 kg in 2015; 125,903 kg in 2014; and 111,924 kg in Z&hf)essee (15,168
kg in 2018),and West Virginia (14,134 kg in 2016 and 12,229 kg in 2014).
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Figure 2-2. 1,4Dioxane Annual Water Releases as Reported to TRl and DMR, 20013019

Note: Some symbols for individual years may overlap and obscure annual releases at each site.

Alaska, American Samoa, Guam, Hawaii, N. Mariana Islands, Puerto Rico, and the U.S. Virgin Islands are not
shown due to no known modeled or estimated releases

Landdisposas & reported by TRI are available Figure2-3. The largestlisposas have been ton-site
Class | Underground Injection Wells Texas(169,035kg in 2013; 42,865 kg in 2015; 10,729 kg in
2018, On-site Subtitle C Landfillsn Oregon(7,321kg in 2014; 7,000 kg in 2013; and 6,076 kg in
2015, andOffsite Other Landfills in Indiané862kg in 2019; 603 kg in 2018; and 354 kg in 2D1Air
release as reported by TRI are availablEigure2-4.
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Figure 2-3. 1,4Dioxane Annual Releases to Land as Reported to TRI, 203019
Note: Some symbols for individual years may overlap and obscure annual releases at each site.
Alaska, American Samoa, Guam, Hawaii, N. Mariana Islands, Puerto Rico, and the U.S. Virgin Islands are not

shown as there are no known modeled or estimated releases.

For air releases, the largest emissions have been in lllinois (9,94&kgSouth Carolina (3,495
kglyean, and Texas (2,097 kggai). Collectively, these figures give insight into the spatial distribution
of releases andorresponding amoumicross the attiguous United Stateé full summary of these

estimates can be found Appendix E
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Figure 2-4. 1,4Dioxane Annual Releases to Air as Reported by TRI, 2013019
Note: Some symbols for individual years may overlap and obscure annual releases at each site.

Alaska, American Samoa, Guam, Hawaii, N. Mariana Islands, Puerto Rico, and the U.S. Virgin Islands are not

shown as there are no known modeled or estimated releases.

In addition to mapping releases from TRl and DMR, EPA also mapped hydraulic fracturing sites

reporting the presence of icdoxane in hydraulic fracturing operation fluids according to FracFocus 3.0
(GWPC and IOGCC, 2032These operations are primary sited in a wide range of shale plays across the
country(as indicated by the multolored plays mapped Figure2-5). The Delaware play in Texas has

the largest number of operations{158) followed by the Niobrara in Colorado$r86) andthe Utica
play thatspreads across Pennsylvania and Omo 70).

Pageb3of 570


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10291772

W ord

‘i @(
=
ett

%H

Wolfcamp - Midland

*  Hydraulic Fracturing Operations Reporting 1,4-dioxéne in Produced Water

"% Shale Play

Figure 2-5. Locations of Hydraulic Fracturing Operations that Report 1,4Dioxane in

Produced Waters

Note: Some symbols for individual years may overlap and obscure annual releases at each site.
Alaska,American Samoa, Guam, Hawaii, N. Mariana Islands, Puerto Rico, and the U.S. Virgin Islands are
not shown as there are no known modeled or estimated releases.

The basis for overatlata qualitydeterminatiosis also includedn the water, air, anthnd summary
subsections beloviEach source is evaluated on multiple metrics based on defined criteria. For air, water,
and land releases, all monitoring data had data quality ratimgedfimhigh. Modeled data had data

guality ratings of medium or high.

2.2.1.2 Weight of Scientific Evidence Conclusions for Environmental Releases
EPA6s judgment on the weight of scientific evid
uncertainties associated with the release estimates. The Agamgigers factors that increase or
decrease the strength of the evidence supportingkbaseestimaté including quality of the
data/informationapplicability of the release data to the CQtitluding considerations of temporal
relevance,dcationalrelevance)and therepresentativeness of the estimate for the whole industry
general, the usef Monte Carlo modelingmproves theaveight of scientific evidencdue to the
incorporation of variabilityhowever, the weight of scientific evidence is largely tied to the strengths
and limitations of the underlying model equations and input parameter datdsetgeight of scientific
evidence is summarized using the descriptors of robust, moderate, slight, or indeterminant, according to
E P A Application of Systematic Review in TSCA Risk Evalualdoris EPA, 2018k For example, a
conclusion of moderat@eight of scientificevidence is appropriate where there is measured release data
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from a limited number of sources such that there is a limited number of data points that may not cover
most or all of the sites within the COU. A conclusion of sligbight of scientificevidence is

appropriate where there is limited information that does not sufficiently cover all sites within the COU,
and the assumptions and uncertaintiApdicatoned not f
Systematic Review in TSCA Risk Evaluat{@hs. EPA, 2018cfor additional information omveight of
scientificevidence conclusions.

A summary of air, land, and water release estimation approaches with the associated weight of scientific
evidence conclusion is compiled for each OE$able2-2. In summary, all TRI/DMR monitoring data

had data quality ratings of medium/high. For supplemental releases assessed with TRI/DMR (PET
byproduct, Ethoxylatiobyproduct, Disposal), theeight of scientificevidence conclusion was

moderate to robust becaubereasonably availabl@formationrelevant forthe conditions of use of
1,4-dioxane at facilities in TRl and DMR is limite@ihe underlying data used in modeled release
estimates had data quality ratings of medium or high. For releases that used-BRERSeling
(Surfacecleaner), theveight of scientificconclusion was slight since thaseuncertainty in the

application of this moeling for a commercial setting, and this case study does not represent all sites in
this OES For supplemental releases that used GS/ESDs or other data souraesgyithef scientific
conclusion was moderate when used in tandem with Monte Carlo modeling (Gig&fillaundries,

Dish soap, Dishwashettetergent), and slight/moderate when used alone (Antifr@emet and floor

lacquej. For Hydraulicfracturing, thewveight of scientifiacconclusion was moderate to robust since
FracFocus 3.,anESD,and Monte Carlo modeling were us&e AppendiE.8for a summary of

EPAOs wegktofadiehtificevidence conclusions for its release estimates for each of the assessed
OESs.
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Table 2-2. Summary of theWeight of Scientific Evidencefor Environmental Release Estimates by OES

Water Land Air
OES Data | Weight of Data | Weight of Data Weight of
Approach Quality | Scientific Approach Quality | Scientific Approach Quality Scientific
Rating® | Evidence Rating® | Evidence Rating?® Evidence
Manufacturing TRl and DMR Medium |Moderate |TRI Medium |Moderate |TRI Medium |Moderate to
to robust to robust robust
Import and TRI and DMR Medium |Moderate |TRI Medium |Moderate |TRI Medium |Moderate to
repackaging to robust to robust robust
Industrialuses TRl and DMR Medium |Moderate |TRI Medium |Moderate |TRI Medium |Moderate to
to robust to robust robust
Functionalfluids |TRI and DMR Medium |Moderate |TRI Medium |Moderate |TRI Medium |Moderate to
(opensystem) to robust to robust robust
Functionalfluids |Assessed as a pgN/A Slight Assessed as a pgN/A Slight Assessed as a pgN/A Slight
(closedsystem) |of Industrial Uses of Industrial Uses| of Industrial Uses
OES OES OES
Laboratory GS indicates no |High Slightto |GS modeling High Slightto |GS modeling High Slight to
chemical water releases moderate moderate moderate
Film cement Process High Slightto |Modeling with High Slightto |Modeling with High Slight to
information moderate |process moderate |process moderate
indicates no wate information information
releases
Sprayfoam GS modeling Medium |Slightto |GS modeling Medium |Slightto |GS modeling Medium |Slight to
application moderate moderate moderate
Printinginks (3D) [ DMR Medium |Moderate |Assessed as a pgN/A Slight Assessed as a pgN/A Slight
to robust |of Industrial Uses of Industrial Uses
OES OES
Dry film lubricant |Process High Slightto |Modeling with High Slightto |Modeling with High Slight to
information moderate |process moderate |process moderate
indicates no wate information information
releases
Disposal TRI and DMR Medium |Moderate |TRI Medium |Moderate |TRI Medium |Moderate to
to robust to robust robust

Pageb6 of 570




Water Land Air
OES Data | Weight of Data | Weight of Data Weight of
Approach Quality | Scientific Approach Quality | Scientific Approach Quality Scientific
Rating® | Evidence Rating® | Evidence Rating?® Evidence
Textile dye ESDmodeling Medium |Moderate |ESD modeling |Medium [Moderate |Not assessed dugN/A Indeterminant
with Monte Carlo with Monte Carlo to lack of
information
Antifreeze Process High Slightto |Modeling with High Slightto |Modeling with High Slight to
information moderate |process moderate |process moderate
indicates no wate information information
releases
Surfacecleaner |SHEDSHT and |High Slight SHEDSHT and |High Slight SHEDSHT and |High Slight
generic modeling generic modeling generic modeling
with process with process with process
information information information
Dish soap Process High Moderate |Process High Moderate |Process High Moderate
information with information with information with
Monte Carlo Monte Carlo Monte Carlo
modeling modeling modeling
Dishwasher Process High Moderate |Process High Moderate |Process High Moderate
detergent information with information with information with
Monte Carlo Monte Carlo Monte Carlo
modeling modeling modeling
Laundrydetergent| ESD modeling |[Medium |Moderate |[ESD modeling |Medium |Moderate |[ESD modeling |Medium |Moderate
(industrial and with Monte Carlo with Monte Carlo with Monte Carlo
institutional)
Paint andloor ESD and procesgMedium |[Slightto |ESD modeling [Medium |Slightto |ESD modeling [Medium |Slightto
lacquer information Moderate Moderate Moderate
indicates no wate
releases
PETbyproduct |TRI and DMR Medium |Moderate |TRI Medium |Moderate |TRI Medium |Moderate to
to robust to robust robust
Ethoxylation TRI and DMR Medium |Moderate |TRI Medium |Moderate |TRI Medium |Moderate to
process byproduc] to robust to robust robust
Hydraulic ESD modeling |High Moderate |[ESD modeling |High Moderate |[ESD modeling |High Moderate to
facturing with Monte Carlo to robust |with Monte Carlo to robust |with Monte Carlo robust

2Data quality ratings of modeling approaches are based on the G8/E8&izess information

Pageb7 of 570




2.2.1.3 Strengths, Limitations, Assumptions, and Key Sources of Uncertainty for the
Environmental ReleaseAssessment
EPA estimated air, water, and land releases oflib¥ane using various methods and information
sources, including TRl and DMR data, GSs and ESDs modeling with and without Monte Carlo, process
information, and SHEDSIT DTD Modeling.

TRI and DMR were determined to have the overall data quality determinatioadiimthrough

EPAOGs syst e mat Wncertaindesg forausing pRI and BMRsdata are discussed iRitta
RiskEvaluation for 1,4Dioxane(U.S. EPA, 2020c In summary, these uncertainties include
underestimation ahenumber of sites for a given OES due to reporting thresholds in TRI, the accuracy
of EPAG6s mapping of sites reporting to TRI and
TRI and DMR and the representativeness of past years data toward current conditions

Due to TRI reporting thresholds, estimated releases using TRI data may not be representative of sites
that handle 14lioxane at quantities below the TRI reporting threshibietre is additional uncertainty

for sites that report to TRI with Form l#ecauséhese sites do not report release quantities if the

guantity did not exceed 500 Ib for the total annual reportable release amount. For these sites, EPA
assesse-dfa B8,whdnfassumethe entire 500 Ib going winglemedia of release, noting

that the 500 Ib should not be added over all release media. Additional information on TRI uncertainties
is providedin AppendixE.7. In addition, as discuss@d Section2.2.1, EPA used data from the 2019
reporting year to estimate air and land releases. A key source of uncertaintgssgbement of air and

land releases is whether 2019 TRI datarepresentative of releases from otteportingyears. This

does not apply to the water releastimates because EPA used data from reporting years 2013 to 2019.
A strength of using TRI is that it compilesasonably available release data for all facilities that reported
to EPA. However, not all facilities are required to report to TRI.

Some uncertainties of using DMR datainclida e accur acy of EPAG6s mappin
DMR to a specific OES, and quality of the data reported to DM$&u, an uncertainty of using the

ECHO Pollutant Loading Tool Advanced Search option is that average measurements may be reported
as a quantity (kg/day) or a concentration (mg/L). Calculating annual loads from concentrations requires
adding wastewater flowo the equation, which increases the uncertainty of the calculated annual load. In
addition, br facilities that reported having zero pollutant loads to DMR, the EZ Search Load Module
uses a combination of setting ndatects equal to zero (if all data from the facility over the year were
non-detect) and as orealf the detection limit (if some datvere detect and other data were-detect

over the year, the nemetect values are set at half the detection limit) to calculate the annual pollutant
loadings. This method could cause overestimation or underestimation of annual and Daily pollutant
loads however, EPA uses this method for handling-detects as it is consistent with the established
procedures for the EZ Search Load Modulest#ength ousingDMR dataand the Pollutant Loading

Tool is thatthe toolcalculates an annual pollutant load by integrating monitoring period release reports
provided to the EPA and extrapolating over the course of the year. However, this approach assumes
average quantities, concentrations, and hydrologic flows for a givexd e representative of other

times ofthe year.

Additionally, there is uncertainty when the reported surface water discharges for a given site differs
between DMR and TRI for the same year. In these instances, EPA uses the higher of the reported
discharge quantitie3.hese differences are due to TRI annual release totals being directly reported by a
facility, while DMR annual release totals are estimated from DMR monitoring data. While differences
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between annual estimates between the two systems are common, the magnitudes of diffeydnces var
facility and reporting year.

Where TRI and DMR data were not reasonably available, EPA used GS and@&Dmcertainty for
this method is lack of specific 2dloxane dataBecause€sS/ESDs are generic, assessed parameter
values may not always be representative of applications specific-tihok@he use in each OES.
Another uncertainty is lack of consideration for release controls. The GS/ESDs assume that all activities
occur withoutany release controls, and in an ofsgstem environment where vapor and particulates
freely escap€U.S. EPA, 2022e0ECD, 201720114 b). Actual releases may be less than estimated if
facilities utilize pollution control method#lthough1,4-dioxane monitoring datarepreferred to

modeled data, EPétrengthenedhodeled estimates by using Monte Carlo modeling to allow for
variation in environmental release calculation input parameters according to the GS/ESD and other
literature sources. However, EPA did not utilize Monte Carlo modeling for all GS/ESD, which is a
limitation of this assessmerftable_ApxE-8 includes information on which GS/ESDs were used in
tandem with Monte Carlo modeling.

EPA used process information to quantify environmental releases for the film cement and dry film
lubricant OES. This process information is from tB820 RE(U.S. EPA, 2020cand the underlying
sources were determined to have togkrall data qualitgeterminatios t hr ough EPAOGs sy
review process. To develop these release estimatesiradgassumptions on the likely media of
release for various releases sources and, in some casestamsiard EPA models in conjunction with
process information to estimate the release quantity. A source of uncertainty in this approach is the
representativeness of these estimeggardingall sites that use 1sdioxane for this OES

EPA used SHEDS$IT DTD modeling to estimate environmental releasesurface water or land for
the surface cleaner OES becaneeother data or informationesereasonablyavailable The main
source of uncertainty is that tS&+IEDSHT DTD modeling is for a single case study location,
Liverpool, OH. It is uncertain whether the release estimates generated from this case study are
applicable to other areas of the counkygditionally, EPAis unsure whether the use of SHEBS
results in a higkend or typicakxposure scenarigo the use of #sedata may lead to over or
underestimates of releaséglditional uncertainties associated with usBHEDSHT to estimate
commercial releases for the surface cleaner GB&videdin AppendixE.7.

To assess daily air and water discharges, BiRled aanualrelease loadby the number of facility

release days to estimate the dadleasdoad for the facility There is uncertainty the assumed release
duration is applicable tall sites for a given OES; therefore, the average daily releases may be higher if
sites have fewer release days or lower if they have greater release days. Furtherrdamnearied
concentrations in air emissions and wastewaease to receiving water bodegseach facility may

vary from dayto-day such that on any given day the actual daily releases may be higher or lower than
the estimated average daily discharge. Thus, this appnoiaaiizes variationgn emissions and

discharges from day to day. EPA did not estimate daily land releases due to the high level of uncertainty
in the number of release days associated with land rel@dsesgencyexpects that sites may not send
waste to landfills every degnd are more likely taccumulate waste for periodsbipments to landfills.
However, sites that release to municipal landfills may have more frequent release days Hased on
frequency of shipments.

Spills and leaks may occur multiple OES.Generally, releases and exposures from spills and leaks are

assessed within the OES where they ocasilTRI data includes releases from accidental releases such
as spills and GS/ESD typically include assessment approaches for spillswpiperted by data.
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However, due to the highly variable nature of spills, there is uncertainty in the representativeness of any
data on spills toward all potential accidental releases for a given OES.

2.3 1,4-Dioxane Environmental Concentrations

2.3.1 Surface Water Pathway
Surface water contamination from idébxane can occur from direct releases of wastewater from
industrial operations, discharges from wastewater treatment plants containing DTD i&fléages
dioxanefrom consumer and commercial product usége, dish soap, laundry detergent, etand
other activities where 1;dioxane may be present as a byproduct, such as in hydraulic fracturing
operations. To understand possible exposure scenarios from these pfaBtfcassesseekposures to
the general populatn fromambientsurfaceanddrinking water These exposures are dod ,4-dioxane
being directly or indirectly discharged to receivingter bodies

The evaluation of these exposures considered both the revieasoinablyavailable monitoring data to

both ambient surface water and drinking water as well as the modeksgrohtedexposures due to
releasesAlthoughEPA identified a robust set of surface and drinking water monitoring data (Section
2.3.1.) indicating the presence of icdoxane in these pathways, it wadlectedindependent ofelease

datg and cannot be attributed to specific sou(&ection2.2). Therefore, EPA relied primarily on a

series of modeling approaches to estimate concentrations-diok@he in surface water near known

release locations (Sectiofs3.1.2and2.3.1.3. For this assessmePA modeled concentrations

resulting from industrial releases for all COUs releasing to surface water, including those assessed in the
2020 RE, as well as those producing-digxane as a byprodudio the degree possible, the relationship
between monitoring and modeled data is further evaluated in Sec3idm4

2.3.1.1 Monitoring Data
Environmental concentration data for -tibxane in ambient surface watee(, measured in rivers,
streams, lakes, and ponds, rather than within industrial operations or drinking water systems) across the
country, as well as routine monitoring conducted by public water systems (PWSs) of raw (untreated)
source water and finished (@ted) drinking water were collected from readily available public databases
and publications. The methods for retrieving and processing ambient surface water and PWS data are
described in detail in Appendi&@.1

Ambient Surface WateMonitoring

Datawereretrieved from the Water Quality Portal (WQP) to characterize observed concentrations in
ambient surface watél\WQMC, 2023. These monitored valuegere not assessed for proximity to
sources oflrinking waterandareinsteadanalyzed t@enerallycharacterize the observed ranges of 1,4
dioxane concentrations in ambient surface véaiaespective of the reasons for sample colle@iamd

to provide context for the modeledrface wateconcentrations presented in Sectib@.1.3 Data

retrieved in July 2022 included sampling dates fa®87 to 2022Andresultedn 12,471 available

sample resultgzull details of the retrieval and processing of ambient surface water monitoring data from
the WQP are presentedAppendix G Table2-3 shows the range of X@dioxane concentrations

detected in surface water samplsst (.e., 92.3%) of the sample records available had no level of 1,4
dioxane detected above the reported detection limit for the anflysis f er r ed et @, oiths O nor
limits of detection ranginfrom 0.001 to 2800 pg/Lacross all sample¥he 105 detected values

ranged fron0.016 to 470 ug/L, with a median of 1.10 pgfince the range of detected concentrations

fall within the range of detection limits, it is possible that there are additional instancesdaixbde
occurrence that were not able to be reported due to analytical limita&ignse2-6 andFigure2-7

show the distribution of detected concentrations and reported detection limitsaétechsamples,
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respectivelyThe highest concentrations reported in this dataset are indtegl metadatto have been
collected at the point of discharge from an industrial facility, while for most santipdereason for

sampling, oisample location in relation to expecteteases is not included in the metadaigure2-8

shows the spatial distribution of detected samilesthe entire dataset, including rdetects,

approximately 7@ercentof the samples were collected from the statesarstiNCarolina New Mexicq

and New JerseyOf the 105 detected values, gé&centarein Pennsylvania21percentn North

Carolina,and 14percentn Illinois. In the absence of a national standardized study edib)ane in

ambient surface water (analogous to the UCMR monitoring in drinking water), and without more
national coverage and metadata, it is difficult to characterize the national occurrencdiokdng in

surface water. It is apparent from the available monitoring data that certain areas may be more likely to
have higher concentrations, while many others have little or no detectdbdahe. Over

representation of certain states or regions migatdargeted samplingampaign®f specific locations
expected to have higher concentrations, and conclusions about areas without monitoring data cannot be
drawn without further exploration through modeling.
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Figure 2-6. Frequencyof Nationwide M easuredl,4-Dioxane Surface Water Concentrations
Retrieved from the Water Quality Portal, 1997 2022
Note: Detectable levels of T@loxane may varpy location.
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Figure 2-8. DetectableConcentrations of 1,4Dioxanein Surface Water from the Water
Quality Portal, 1997 2022

Note: Detectable levels of tdloxane may varpy sampling location.

Alaska, American Samoa, Guam, Hawaii, N. Mariana Islands, Puerto Rico, and the U.S. Virgin
Islands are not shown as there ar&mawn monitoring data above detection limits.
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Drinking Water Monitoring Data

The SafeDrinking Water Act (SDWA)authorizes the EPA to set national hedl#ised standards for
drinking water to protect against bathturally occurringand maAamade contaminants that may be
found in drinking waterThe National Primary Drinking Water RegulatioNPDWRs) are legally
enforceable primargtandards and treatment techniqtined apply to PWS\lthough states, tribes or
territories that have been approved as the primary implementation authority for drinkingrasater
require monitoring ompose limits for contaminants beyond those regulated under SDWA, there are
not currently national requirements to routinely monitor or limitdigkane in finished water from
PWSs.In support of the SDWA, EPA often relies on data from the UCMR program as the best available
occurrence information to support its regulatory determinatioast¢ judge whether a particular
contaminant is known to occur or there is substantial likelihood the contaminant will occur in public
water systems with a frequency aatdevels of public health concertJCMR monitoring is designed

to produce a data set that is nationally representative of public water systems (PWSs) acoosgrihe
but its focus is on finished water (rather than source wated)it may not capture worstise
conditions.PWSmonitoring data of finished drinking water were colledi@dl,4dioxaneviaE P A 6 s
published UCMR3 dataset from 2013 to 2015, as wethasand finished drinking water monitoring
from additional individual state databases (CA, MA, and NY) fronB20@022(CA Water Board,

2022 NY DOH, 2022 Commonwealth of Massachusetts, 2008. EPA, 20171 UCMR3 data were
filtered to only include facilities flagged as using surface water, while the individual state data were
filtered down to only those systems with surface wiidezd as the primary souraea SDWIS Datasets
were processed to ensure that no samples nepeatedn multiple datasetsThesePWSmonitoring
datawerecollected to asseg®ssibleexposures to the general population through drinking water.
Descriptions of the data retrieval and processing methods are presented in A@2andix

The combinediatasets resulted in 16,972 samples from 2,847 PWSs across 50Tstblke2-8).

Reported detection limits across the PWS datasets ranged from 0.0001 to 3 pg/L, with 81 percent of
samples reporting a detection limit of 0.07 pg/L. To the extent that it could be determined from the
database records, samples were separated into rawatead) water from the PWS intake or finished
(treated) water being sent to the distribution system. The distribution of raw water monitoring
concentrations is presentedFigure2-9, and the distribution of finished drinking water concentrations
is presented ifrigure2-10.

Table 2-3. Summary of PWS Monitoring Datasets of 1,Dioxane Monitoring in PWSs Using
Surface Water as a Source

Dataset of | Number of Minimum_ BN : Max‘m“”.‘ Start End
Origin Samples Concentration | Concentration | Concentration Year Year
(Mg/L) (Mg/L) (Hg/L)

CA 1,797 0.25 0.5 15 2011 2022

MA 949 0.049 0.22 3.8 2008 2022

NY 615 7.208 05 0.035 1 2015 2022

UCMR3 13611 0.035 0.035 13.3 2013 2016

Note: for the summary presented in this table, results reported as below their respective detection limit we

assigned a value t&lf of the detection limit.
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Figure 2-10. Frequency of1,4-Dioxane Concentrations Monitored in Finished (Treated)
Drinking Water Derived from Surface Water

Dataretrievedfrom the UCMR3 andtatedatabase§CA, MA, and NY)between2008i 2022

Note: the detection limit for the method used in UCMR3, and the most common detection limit reported
in state databases is 0.07 pg/L

Watertreatmensystemsnayvary widely across the countbased oravailable and utilized water
treatment processéisat depend owhether source water is groundwater or surface water. These
processesypically include disinfection, coagulation/flocculation, sedimentation, and filtrgtios.

EPA, 20064 In assessing drinking water exposures, the ability to treat and remove or transform
chemicals in possible drinking water supplies should be considegypital treatment processe® not
remove 1,4dioxane from ambient surface water and groundwater pripogsiblegeneral population
consumptioras drinking wateand treatment processes that do effectively removdityane are
uncommonEPA thereforeassumes zero removalthe following analyset provide a conservative
estimate of general population drinking water expostesn without treatment processes that remove
1,4-dioxane, multiple sourcexd water may be mixed within the same drinking water system which may
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result infinished water with loweconcentrationshanone of thehigher contributing sourceater

concentrationsEPA acknowledgeshat thesurface wateconcentration at a single intake locatinay
be higher than thénished drinking wateonce mixed with other sourcdaurther discussion of the
prevalence of treatment processes across water systems, and the methodology for identifying raw and

finished drinking water monitoring samples is presente&hipendixG.1.2

Figure2-11 shows the spatial distribution BICMR3 samples at the county ley&lith 1,4dioxane

detected ir25 percentor 240 0f943 counties with participating water systems
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Figure 2-11. Map of Counties Containing PWSs thatReported M onitoring of Finished
Drinking Water Drawn from Surface Water for 1,4-Dioxaneunder UCMR3

Note: UCMR3 monitoring of 1:lioxane required four sampling events, one for each season, to capture

temporal variability. Each county highlighted may include one or multiple PWSs reporting data.

Monitored drinking water data were also included in exposure and risk estimates to assess the human
health implications of drinking water concentrations in this raBgee the UCMR programnd state
monitoring datasetarenot designed to reflect source water impacts of direct and indirect releases into

water bodies, EPAGs TSCA program relied

release scenarios to characterize risks from the water pathiv@ygencyevaluated the performance

on

of the models used to estimate water concentrations with monitoring data frespesitc locations

serving as cases studies. These case study comparisons demogest@taldconsistendyetween

esti

modeled concentrations and nitoning data, thereby increasing confidence in risk estimates based on

modeled concentrations
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Although monitoring data confirm that X¢doxane is present in drinking water in some locations,
samples collected under the UCMR program are designed to be nationally representative of drinking
water occurrence and not specifically associated with industleases of 1;dioxane Since these
monitoring data may naeflect thel,4-dioxane concentrations that result from industrial releases, EPA
relied on modeling to estimate icfbxane concentrations that occur near release sites.

2.3.1.2 Surface Waterand Drinking Water Modeling
To assess possible general population exposures-thdkdne via industrial releases to surface water,
concentrations of 1-dioxane in surface water wemedeledusing two separate approachEsst, a
facility-specific approach aimed to quantify the maximum expected aqueous concentrations resulting
from reportedl,4-dioxane dischargegsom individual facilities in isolationSecond, a probabilistic
model was applied to assess the range of expected aqueous concentrations resulting from reported 1,4
dioxane discharges across a COU, with consideration of expected ranges of background concentrations
of 1,4dioxane from DTD loading and othenreportedeleases.

2.3.1.2.1 Modeling Methodology
A detailed description of modeling methods is presented in App&haix

As described in Sectiah 2, annual released 1,4-dioxaneto surface watefrom regulated dischargers
were retrieved from TRI and DMR. To the extent possimiegeledhydrologicflow data(i.e., stream
flow) associated with theeceivingwater body to which each facility released was retrieved from the
NHDPIlus V2.1 datas€t).S. EPA, 2016 The receivingvater bodywas identified either through
NPDES permit information for the releasing facility, or the nearest identified NHDPIludl9@line.
Detailed methods for the retrieval and processing of flow data are presented in Afpentlix

Facility-Specific Modeling

Facility-specific modeling was conducted to estimate concentratiaeseivingwater bodiesesulting

from the greatedtcility-specificannual release reportbétween 201&rough2019 This modeling
approactemployedthe equations used to model releases from facilities iBE-HR&ST 2014model

(U.S. EPA, 201)%and isdescribd in AppendixG.2.2 For each facility and annual release amount, three
different scenarios for days of release per year were considered: 1 day, 30 days, and expected number o
days of operation reported Trable ApxE-2( r ef erred t o as t he andrasgasi mu m(
from 250to 365 days depending on OEShese additional scenarios with lower numbers of days of
operation provide more conservative estimates of resulting surface water concerdratemes

intended to evaluate the full range of possible facility release paltasesl on the best available

information Two flow metrics were evaluated: the lowasinthlyaverage flonfrom NHDPIlus and the
harmonic mean flow derived froEtFAST 2014 methodologyThe resulting concentrations from the
facility-specific modeling arased incalculations ofjeneral populatioexposure anlumanhealth

outcomes.

Probabilistic Modeling

The probabilistic modeling approach was conducted to consider multiple years of release data per
facility and multiple modeled flow metrics from NHDPIlus VZLLS. EPA, 2016xper facility to

generate a distribution of potential surface water concentrations resulting from releases across each
COU. The underlying model for the probabilistic approach isfafipurpose model developed by EPA
in Microsoft Excel, the EWISREXL model (EstimatingW aterl ndustrialSurfaceRelease an®own

the Drain in E&cd). The EWISRDBXL model was designed to model ddfbxane inputs to a stream
segment, including existing-streamconcentrationgincluding from unregulated sourceB)TD

loading from consumer and commercial products, and industrial releasesteadgtate snapshot of a
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single point in timgFigure2-12). Outputs from the model include the resulting downstream
concentration and the relative contribution from each input source to that concenrstimples othe
EWISRD-XL modelapplied to three specific case study locati@rsinswick County, NC, Columbia,
TN, and Liverpool, OHare includedn threeSupplemental Informatiofiles (U.S. EPA, 2024q, 1).

//W Upstream End: \
o flow T poTW Loading:
| Concentratlorl// o Bewmshe-eEi
from upstream
: Optional ; population
Tributary: * Indirect industrial
. * Flow y releases
“._* Concentration -
[ Direct Industrial
e Releases
\
Inputs: — |
\
( Downstream End: “
* Flow J/
N\ 4
Downstream End:
OlltplltS: * Concentration

* Relative
Contributions

Figure 2-12. Schematic of the EWISRDBXL M odellnputs and Outputs

For the probabilistic 14lioxane COU modeling, an R scrifgt Core Team, 2032vas developed to
rapidly run multiple iterations of the EWISRKL model. In this configuration, called the EWISRD
XL-R model, the underlying calculations were performed by EWIRDnodel,andan R script
wrapper managed the processing of input and output data. For the probabilistic COU modeling, the
EWISRD-XL-R modeldevelopedo calculate theeceivingwater bodyconcentrations at the poiot-
release by a facility. The EWISREL -R results include the concentratiahgeonly to releases from
facilities, as well as an estimated background concentration of DTD and unmonitored réleasel.
details of the underlying EWISREL model and the probabilistic implementation are presented in
AppendixG.2.3 Distributions of total oncentrationgi.e.,the sum of resultingacility releasesand
background concentrationestimated by the probabilistic modetreused foradditionalcalculations of
general populatioexposure anlumanhealth outcomes.

A series of case studigsmsdeveloped with the EWISRBL model to evaluate its performance across
various 1,4dioxane release settingehese cases apeesented in Appendi.2.3.2

2.3.1.2.2 Estimating Down-the-Drain Releases
To evaluate the anticipated ranges of DTD contributions eflibdane tovater bodieseceiving
POTW effluent, a range of combinations of hydrologic flows and populations served by a POTW were
evaluated using the EWISREL -R model. For this modeling exercise, only contributions from the
DTD component were used to calculate resulting senfeeter contributions.é., no facility releases or
existing background concentrations were included). Hypothetical combinatibgdrofogic flows and
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populationscontributing to wastewater loadimigrived from the national distribution of hydrologic

flows and populated places were selected to represent a range of results, which were then compared witf
concentrations expected from industrial releases and used to calculate ranges of human exposure an
risk. More detailed methodology for this calculation is presented in App&ndig.4

2.3.1.2.3 Hydraulic Fracturing
Hydraulic fracturing is a process used to extract oil and gas from shaleAft@ydydraulic fracturing
operations inject fluids to extract oil and gas, a substantial volume of water may be produced through
flowback. The composition of these produced waters depends both on the geochemistry of the injected
area and the injected ftis. 1,4Dioxane has been reported to EPA as one of the chemicals present in
these produced waters by 411 facilities via FracFocu€3MPC and IOGCC, 2032EstimatedL,4
dioxaneloadingsof produced wateto surface water frorhydraulic fracturingactivities(described in
AppendixE.9) were evaluated for expected ranges of resulting concentratioeseiningwater bodies
using the EWISREXL -R model . Hydraulic fracturingwells reporting 1,4ioxane use by FracFocus 3.0
were mapped, and flow data from neaviterbodieswerecollected from NHDPlus V2.1. A Monte
Carlo analysis was used to generate loadingsdeiving watebodiesfrom the distribution of modeled
releases antb pair them withhydrologicflows, resulting in a distribution of possible surface water
concentrationdMethodology for this analysis is presented\ppendix G

2.3.1.2.4 Proximity to Drinking Water Sources
Drinking water exposures from faciligpecific results assurdéhat the exposure occurs at the receiving
water bodyto provide a conservative estimatiohdrinking water exposureblowever, theevaluated
water bodiesnaynot be usea@s or praximate tq actualdrinking water sources and intakd@® give a
more robust characterization of possible drinking water exposures, Kaoility-specific releasesere
mapped to drinking water sourcgsingpublic water systemdatas t or ed i n EPAOe®r Saf e
Information System Federal Data Wareho(i$&. EPA, 2022); This dataset is updated quarterly, and
the Zhd quarter 2022 version was used for this analy#owing mapping, the colocation of and
proximity of releases to drinking water soureesre evaluated_ocations of rawwvaterintakes for
PWSsareconsidered sensitive by EPA Office of Wadkeie topublic safety concernsseospatial
analysis and the NHDPIlus V2.1 flowline network were used to assess whether any known drinking
water intakes are located downstream ofdigkane releasing facilitiedethodology for this analysis
is presented in Appendi®.2.4

2.3.1.3 Modeling Results

2.3.1.3.1 Facility-Specific Results
The facility-specific results show the expected concentratdhe point of release from the facility
discharging 1,4ioxane to receivingvater bodieswithout consideration of the contribution from other
sourcesThe total number of modeled releases within a gdESmay be greater than the number of
1,4-dioxane releasing facilities in cases where facilitielrectly dispose of 1:4lioxane by transferring
to another facility in addition tdirectly dischargng 1,4-dioxane Surface water concentrations resulting
from facility-specific modeling for one day of release are summarizédhhe2-4 and represent the
highest expected concentrations in receivirgger bodiesdue to the annual release amount being
discharged in a single daSurface water concentrations resulting from facipecific modelingor
maximum days of releasge summarized imable2-5, and represent the lowest expected
concentrations in receivingater bodieslue to the annual release spread out over the mostidays
single day release scenaftiacealslicewsarc oms igd ereat it d
release information and can inform an upper limit of concentrations resulting from releases. The
maximum days release scenario can inform a lowet &ifrexpected concentrations from the available
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annual release dat&ull discussion on the evaluation of multiple release days is given in Section

2.3.1.2.1 but the range of evaluated release days is intended to provide to full range of expected surface
water concentrations resulting from possible facility release patterns and available inforAsation.
described in Sectioh, these variations in concentration due to days of release do not affect chronic
cancer risk estimates resulting from a particular releasing facility, due to annual averaging of exposure.
Resulting concentrations varied widely, both across and within OESs, due to variability in facility

release amounts as well as receiving water body flow magnitaeitity-specific releases are

organized around their identified OES as fully described in Se2tiosmdAppendix D
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Table 2-4. Summary of Surface Water Concentration Results byOES from Facility -Specific M odeling of Annual Maximum Releases
between 2013nd 2019 for 1 Operating Day per Year

Sum of " Surface Water Concentration | Surface Water Concentration
No. of Annual A [ [y (i) (Lowest Monthly Flow) (Harmonic Mean Flow)
OES Releases| Releases (kg/site-year)
(egl/L) (eg/ L)
Modeled Modeled

(kglyear) Min Mean Max Min Mean Max Min Mean Max
Disposal 25 16,997 1.36H 04 | 6.80E02 | 7.959=03 |1.50H 02 | 6.45=05 | 9.5206 |1.50H 02 | 4.77E05 | 7.34206
Ethoxylationbyproduct 8 112,076 454601 | 1.4CE04 | 1.12E05 |5.39H 03 | 2.5806 | 2.07/E07 |3.01E 03| 1.22&06 | 9.7F06
Functionalfluids (open 6 17,711 3.80EH 01 | 2.9503| 1.79204 | 1.3%E01 1.57E03 | 4.7803 |6.07/E00 | 7.4CE02 | 2.21E03
system)
Import andrepackaging 12 2,722 2.2702 | 2.2702| 2.27£02 |1.0&01 8.15E06 | 9.2807 |4.3%€00 | 1.01E06 | 7.4CEOQ6
Industrialuses 31 70343 2.07H01 | 2.27E03| 2.6204 |1.336 02 | 5.11E05 | 4.64206 |6.52H 03 | 4.5305 | 5.1506
Manufacture 2 7,034 1.67E03 | 3.52&03| 5.36203 | 8.31E04 1.63E06 | 3.1806 |8.31E04 | 1.63E06 | 3.1806
PET manufacturing 19 2,773,355 3.40H 01 | 1.46E05 | 2.51E06 | 2.77E00 1.0706 | 1.66E07 |1.2800 | 1.09E06 | 1.66E07
Printinginks 1 5 5.4500 | 5.4500| 5.45=00 | 2.05=03 2.0903 | 2.09£03 |2.09£03 | 2.05%03 | 2.0503
Remediation 16 46 3.40H05| 2.91E00 | 2.3%€01 |1.506 03 | 1.83F03 | 1.7%€04 |3.546 04 | 1.5203 | 1.37E04
Overall 120 3,000,290 3.40H 05 | 2.5(E04 | 2.51E06 |1.508 03 | 1.4906 | 9.2807 |3.546 04 | 5.92E05 | 1.6607
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Table 2-5. Summary of Surface Water Concentration Resultsby OES for Facility -Specific Modeling of Annual Maximum Releases
between 2013nd 2019for the Maximum Operating Days perYear

oot | S0ml | Aot byt | e Vot Carcnraton S e Corcarvtr
OES Releases Releases (kg/site-year) (egl L) (egl/ L)
Modeled | Modeled _ _ _
(kglyear) | Min Mean | Max Min Mean | Max Min Mean Max

Disposal 25 16,997 1.36E 104 | 6.8CE02 | 7.99E03 |5.9% 105 | 2.57E03 | 3.81E04 |5.9%€ 05| 1.9CE03 | 2.94E04
Ethoxylation byproduct 8 112,076 |4.54 01| 1.4CE04 | 1.1205 (2.1 105 | 1.0E04 | 8.2604 |1.2CE 05| 4.87E03 | 3.8%E04
Functional fluids (opetsystem) |6 17,711 3.8E 01| 2.9503 | 1.7504 |5.63E 102 | 6.37E00 | 1.93F01 |246E 102 | 3.0E00 | 8.95%E00
Import and repackaging 12 2,722 22702 | 2.27/E02 | 2.27/E02 |4.32E 102 | 3.26E04 | 3.71E05 |1.76E 102 | 4.04£03 | 2.96E04
Industrialuses 31 70343 207E 01| 2.27/E03 | 2.62E04 |5.31E 105 | 2.04E03 | 1.86E04 [2.61E 05| 1.81E03 | 2.06E04
Manufacture 2 7,034 1.67/E03 | 3.52E03 | 5.36E03 |3.3E02 | 6.5&03| 1.27/E04 |3.3Z&02 6.5203 | 1.27E04
PET manufacturing 19 2,773,355 |3.4(E 101 | 1.46E05 | 2.51E06 |1.11E 102 | 4.2%€03 | 6.63&04 |5.12E 03| 4.2(E03 | 6.6F04
Printing inks 1 5 5.4500 | 5.49=00 | 5.45=00|8.21E00 | 8.21E00| 8.21E00 |8.21E00 8.21E00 | 8.21E00
Remediation 16 46 3.4E 05| 2.91E00 | 2.3%€01 |4.11E 106 | 5.0IE00 | 4.9CE01 |9.6%€ 107 | 4.1%00 | 3.75E01
Overall 120 3,000,290 (3.4CE 105 | 2.50E04 | 2.51E06 |4.11E 106 | 5.8CE03 | 3.71E05 |9.6%E 107 | 2.37E03 | 6.6FE04
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Table2-6 describes the crosswalk between identified ©&®I relevant COUs under each for the
identified facility releases to surface water. The full faciipecific analysis is included h4-Dioxane
Supplemental Information File: Drinking Water Exposure and Risk Estimates fdidxdne Release
to Surface Water from Individual Faciliti€s.S. EPA, 20241

Table 2-6. OES.COU Crosswalk for Identified Facilities Releasing to Surface Watér

couP
: OES'
Life Cycle Stage Category Subcategory
Domesticmanufacture | Domesticmanufacture Manufactumng
Manufacturing
Import Import Import andrepackaging
Repackaging
Processing asr@actant | Polymerizatiorcatalyst Industrialuses
Non-incorporative Basic organic chemical manufacturil
(process solvent)
Processing Byproductproduced during the Ethoxylationprocess
ethoxylation process to make byproduct
ethoxylated ingredients for person

Byproduct produced during the PET byproduct
production of polyethlene terephtala

Intermediatause Plasticizer intermediate Industrialuses
Catalysts and reagents for anhydroy
acid reactions, brominations, and

sulfonations

Processingids,not Wood pulping Industrialuses
otherwise listed Extraction of animal andegetable
oils

Industrial Usé Wetting and dispersing agent in

textile processing
Polymerization catalyst
Purification of process intermediateg
Etching of fluoropolymers

Functionalffluids (open | Polyalkylene glycol lubricant Functionalfluids (open
and closed systems) Synthetic metalworking fluid system)
Cutting and tapping fluid
IndustrialUse, OtherUses Spray polyurethane foam Printinginks(3D)
CommercialUse Printing and printing compositions,

including 3D printing
Dry film lubricant
Hydraulicfracturing

Disposal Disposal Remediation Remediation

Disposal Disposal Industrial pretreatment Disposal

Industrial wastewater treatment

Publicly owned treatment works
(POTW)

Underground injection

Municipal landfill
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CcouP

OE&H

Life Cycle Stage Category Subcategory

Hazardous landfill

Other land disposal
Municipal waste incinerator
Hazardous waste incinerator
Off-site waste transfer

aAlthough EPA has identified both industrial and commercial uses here for purposes of distinguishing scenarios i
document, the Agendynt er prets the authority over fiany manner
to reach both.

b As mapped to COU Life Cycle Stage, Category, and Subcateg@able Apx D-1.

¢Evaluated facilities within an OES may not encompass all listed COU subcategories

4 Note that identified OESs can encompass multiple COUs across different life cycle stages and categories

To put the modeled releases in the context of the underlying data sources for release amounts and
receivingwater bodyflow, Table2-7 presentghe results of the process of assigning the receivaigr

body (by reach code in the NHDPIus 2.1 dataset) to each releasing facility. Those facilities with reach
code information in their NPDES permit were regarded as the highest confidence in an accurate match
to theactual dischargingvater body followed by facilities matched geospatially to the nearest reach
code within 1 km of the facility. Facilities matched to reaches beyond 1 km from the facility but within 2
km provided lower confidence, and those withiastich codenatches were substitutedth the lowest
non-zero flow within the OE&s a conservative estimate. The full details of the flow matching process
are presented iAppendixG.2.1 Due to the assumptionkescribed in Sectiod requiredto model

releases from facilities reporting only via TRI Form A, the percent of facilities within an OES using
Form A is also reported.

Table 2-7. Summary by OES ofData Sources for Releases and Receiving WatBody Flow

Method of Matching to ReceivingWater Body
% of
Total NPDE.S EElEsh Nearest HOTEEE NI Releases
OES Number of Perm_lt R_ee_tch Reach Z€ro At Estimated
Contains (within 1 o within OES
Releases within 2 km : from TRI
Reach Code km) Substituted
Form A
Disposal 25 22 0 1 1 8
Ethoxylation 8 1 1 1 0 0
byproduct
Functional fluids |6 5 0 0 0 0
(opensystem)
Import and 12 1 2 2 7 100
repackaging
Industrialuses 31 11 3 5 7 45
Manufacture 2 1 0 0 0 0
PET manufacturing| 19 11 0 1 0 0
Printinginks 1 1 0 0 0 0
Remediation 16 14 2 0 0 0
Total 120 67 8 10 15 23

A generic table of annual facility release and average flow rates for the recgatergoodyis
presented imable2-8, which demonstrates the relationship between the facilityvater body
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characteristicsegardingthe resulting surface water concentratiorable2-9 shows the relative

occurrence of each of the releases modeled for this assessment within binned ranges of releases and
flows. Combined, these tables demonstrate that most facilities releasidigXafe are initially

discharging to smallewater bodieseven in some cases where large annual release amounts result in
very high modeled concentrations.

Table 2-8. Hypothetical Mean Annual Concentrations(ug/L) for a Range of Annual Release and
Flow Rate Combinations, for a Facility with 250 Days of Releageer Year

Annual Release Amount (kg)
1 10 100 1,000 10,000 100000 | 1,000,000
1|16 16 160 1.6e03 | 1.6E04 1.6E05 1.6E06
10| 0.16 1.6 16 160 1.6603 1.6E04 1.6E05
Mean
Annual 100 | 0.016 0.16 1.6 16 160 1.6e03 1.604
Receiving

Water Body 1,000 | 1.6 103 | 0.016 0.16 1.6 16 160 1.6603

Flow (cf9 | 10000| 1.66104 | 1.66 03 | 0016 | 0.16 1.6 16 160

100,000| 1.6E 105 | 1.6E 104 | 1.6 103 | 0.016 0.16 1.6 16

Table 2-9. Occurrence of Facilities for Distributions of Maximum Annual 1,4-Dioxane Release
Amounts and Receiving WaterBody Flow

Annual Release Amount (kg)
100 to 1,000 to | 10,000 to
<10 10 to 100 1,000 10,000 | 100,000 >100,000
<10 14% 8% 11% 6% 2% <1%
10 to 100 9% 7% 2% <1% 1% 3%
Mean Annual
Receiving Water 100to 1,000 3% 6% 2% 1% <1% <1%
Body Flow (cfs)
1,000 to 10,000 1% 2% 2% 2% 2% <1%
10,000 to 100,00 3% 1% 3% 4% 2% <1%

2.3.1.3.2 Concentrations from Down-the-Drain Loading
Water concentrations of t@ioxane resulting frorDTD releases depend on the populasae @n
indicator of the number of people using products and contribtditige releases) and tkeream flows
of the receivingvater bodiesThe representative per capita DTD loading developed from modeling
results from SHED$T was applied to a range pbpulation size (100 to 1,000,000 peopland
stream flowq300 to 30,000 cfdp develop a distribution of potential surface water concentrations
Estimatedsurface water at the point of discharge by POT#gsllting fromDTD releasesanged from
less thar0.0001to 110ug/L (Table2-10). The typical ranges of results from this analyspresenting
only the concentrations due to DTD loadiagg comparable to the range of minimum to mean
concentrations calculated from individual facility releases in Se2ti®i.3.1
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Table 2-10. Estimated Surface Water Concentrations(ug/L) Due toDTD L oading
for a Range ofPopulations andHydrologic Flows

Population Contributing to DTD Loading
100 1,000 10,000 100,000 | 1,000,000

100| 0.011 0.11 11 11 110

. 300 | 3.66 03 0.036 0.36 36 36

Receiving

Water Body 1,000| 1.16 03 0.011 0.11 11 11
Flow (cfs) 3,000| 3.6 04 3.6B 03 | 0.036 0.36 36
10,000| 1.16 04 1.1603 | 0011 0.11 11

The occurrence of POTWSs processing wastewater from various populations and the associated flows of
the receivingvater bodiesvere investigated using data from the INBDES databadg).S. EPA,

2013, to inform the interpretation of the above ranges of DTD loadamgentrationsFor communities

with a singlePOTW treating wastewater, most fell into the range of 100 to 10,000 people, with the
annual average flow of the receiving wabedy less than 300 cf$#ble2-11).

Table 2-11. Estimated PercentOccurrence of Combinations of Contributing Population to
POTWs and Receiving WateBody Flow, from Combined ICIS-NPDES and 2020 Census Data

Population Contributing to DTD Loading
1,000 to 10,000 to 100,000 to
LY LUVICH U0y 10,000 100,000 1,000,000
<100 5% 44% 26% 4% <1%
100to 300 <1% 3% 4% 1% <1%
Mean Annual
Receiving 300 t01,000 <1% 2% 2% 1% <1%
Water Body |4 500193,00  <1% 1% 2% <1% <1%
Flow (cfs)
3,000 to10,000 <1% <1% 1% <1% <1%
>10,000 <1% 1% 1% 1% <1%

2.3.1.3.3 Concentrations from Hydraulic Fracturing
TheMonte Carladistribution of potentiasurface wateconcentrations resulting frohydraulic
fracturing operations is presentedliable2-12. Hydrologic flows inwater bodiesiear hydraulic
fracturing wells reporting 1;dioxane as a constituent of wastewater ranged from less than 10 to 44,300
cfs. Due to the very low flows in many nearby streams, resulting concentrations were sensitive to the
receiving watebody flow rate. The distribution of loading to surface water from hydraulic fracturing
represents the loading from a single site of hydraulic fracturing operations (described in Appendix
G.2.3.5 at the immediate point of discharge to the receiwater body Concentrations estimatetithe
highest endirecomparable toneanto high-end facility releasegresented in Sectich3.1.3.1 More
thanhalf of themodeled concentratiorisll below the typical detection limit in drinking water of 0.07

Mo/L.

Pager5of 570


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2148728
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2148728

Table 2-12. Distribution of Potential Concentrations in Surface
Water Resulting from Hydraulic Fracturing Operations from a
Single Site Reporting 1,4Dioxane as an ngredient

Monte Carlo Distribution Concentration (ug/L)
Maximum 157

9%th Percentile 755

95th Percentile 2.73

Median 0.069

5th Percentile 3.381 04

Minimum 2.79H 10

2.3.1.3.4 AggregateProbabilistic Results
The aggregate probabilistic model predicts surface water concentrations at the point of facility releases
when incorporating potential contributions from DTD and other unmonitored sources. The model
incorporates multiple years of release data and was ithril@,000 iterations for eadDESusing
different combinations of direct and indirect facility releases, DTD releases, flows, and background
concentrations. This results in a more descriptive distribution of the potential refsatbeshighest
end, theesults of the aggregate probabilistic model are similar to those from the fap#ityfic
modeling.This is due to both the faciltgpecific modeling and the highest end of the probabilistic
modeling beindased orthe maximum reported releases from the modeled facilities. Additionadly, th
loading from facilitiedfar outweighsthe contribution from background sour@ghe higher end’he
shape of the resulting distribution can be informative in its representation of the frequency of
concentrationsxxeeding a certain threshold.

Resulting surface water concentrations ranged ftatBx10 4 to 7.34x10° pug/L. Summaries of the

resulting concentrationsy OESare presented ihable2-13 andFigure2-13. Overall, releases from

facilities tended to result in greater ‘dbxane concentrations in surface water than the expected ranges
of background concentrationBackground concentrations weterived from values of 1;dioxane

measured by drinking water systems using surface water as a s@inaere notdownstream of known
1,4dioxane releasg§igure2-11) . The A% of Rel eases Gr @able2lB8 t ha
refers to the frequency of model runs (out of the 10,00@ES) in which the resulting concentration

from the facility release was greater than the generated background concentration resulting from DTD
and other unregulated surface water loading. A low percentage for this metric may suggest that releases
by a particlar OESare typically outweighed by these otlhmreportedeleases with respect to their
contribution to surface water concentrations.
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Table 2-13. Aggregate Probabilistic Results Showing Distribution of Total 1,4ioxane Concentration in Surface Water (Release

Plus Background)

OES L PerSCt:ntiIe Pe?cSérrlltile MISEIEN PeZcSéZtile Pe?csgr]\tile Max oérc()efazerlfr?:r? )
WO gy | weny | M99 ey | weny | “9Y | Background
Disposal 1.8 103 [1.5IE 101 |1.98 101 |3.5(E 01 |8.5%& 101 1.94E00 2.0E01 81
Ethoxylationprocess pproduct | 2.25= 103 [9.81E 102 |1.3FE 101 |2.74E 01 | 4.6%= 01 2.5500 1.46E01 72
Functional fluids (opersystem) |1.78& 104 |8.2(E 102 |1.11IE 01 |1.58 01 |2.7%€ 01 1.6(EQ0 6.1CE00 48
Import and repackaging 570E103 |1.3E 101 |2.8E 01 |6.6(E01 |3.25:02 1.42203 2.12603 90
Industrial uses 14FE 104 |51FE W02 |89FE W2 |1.2E 101 |2.5E 01 1.33F01 2.26E02 44
Manufacture 1.1CE02 |3.3ZE02 3.3E02 |7.1%€02 |2.3XE03 5.4803 7.34E03 100
PET byproduct 544103 1422101 [21F 01 |4.65 101 |4.36E00 1.3CE02 2.2F03 84
Printinginks (3D) 15E 01 |3.1&E 101 |1.1CE00 |4.0E00 |6.41E00 7.4800 8.26200 96
Remediation 53104 |5.8E 102 [9.0£ 102 1.3 101|2.7EF 01 6.66200 1.46201 47
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Figure 2-13. Distributions of Surface Water Concentrations Estimated by Aggregate Probabilistic Model for Each OES
Vertical linesindicate the median and tB5ercentile P95) surface water concentrations.
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2.3.1.4 Comparison of Modeled and Monitored Surface Water Concentrations
At the higher end, the modeled concentrations from facility releases\eal orders of magnitude
greater than those observed in thedigkane monitoring dat@rigure2-6 andTable2-4). This
difference in concentratiemay bedue tomonitoring data being collected further downstream
(allowing for additional dilution)or on reachethat arenot impacted by releasing facilitigdany of the
direct releasing facilities, and POTWs assessed for the DTD component, had a recatiemupdy
specified on their NPDES permits that was associated with ask&al} stream or industrial candlhese
small receivingvater bodiescombined with larger loading values from the releases, resulted in high
modeled concentrations in suréawater at the point of release. As this water travels downstream, it is
expected to eventually join witargerwater bodieswhere some decrease in concentration due to
dilution wouldoccur.

Because most of theasonablyvailable monitoring data were generally noi@cated with 1,4

dioxane release sites, EPA relied primarily on modeling to estimate water concentrations that could
result from release¥Vhere celocated monitoring data were availakiPA compared modeled
concentrations teeasonablyavailable monitoring data in the limited set of specific locattorsvaluate

the performance of the mod€&omparisons of modeled vs. monitoring water concentrations for this

' i mitedssest owdy @ clao c that nadeles mehe concengationaareeyenerally
consistent with mean concentrations reportesamitoring dataFor example, the Cape Fear River
upstream of the Brunswick County, NC drinking water intake was selected as a case study to test the
model due to abundant monitoring data in the region. Water concentrations modeled based on upstream
releases from an induigtl facility in Fayettevillein combination with other upstream sources. As
illustratedin Figure2-14, modeled surface water concentrations generally fell within the ranges reported
from monitored concentrations. Wide ranges of both monitored and modeled values were noted,
indicating variability among inputs to the system. Details of the case study camgdns Brunswick

County and other locations are described in Appe@dx3.2 Theagreement betweanonitoring and
modeled concentrations increases confidence in the model used to estimate water concentrations from
DTD releases and hydraulic fracturing, and to perform probabilistic modeling of aggregate
concentrations from multiple sources.

Pager9of 570



=100
c:n o Modeled Concentrations near
~ Brunswick County Intake
c
@]
'-g 7.51 Range of Monitored Concentrations
= at Brunsick County Treatment Plant
c
g Max
o 501
o
@
- %0 & 0
x 251 @ :oo °°° §
e o) o
0o &)
?r 00 ® O 0 % 5 o Mean
= O (Fe] PoPoP erpdb s Min
0.0
2017 2018 2019 2020 2021 2022
Date

Figure 2-14. Case Study Comparison of Modeled and Monitored Concentrations in
Brunswick County

2.3.1.5 Strengths, Limitations, and Sources of Uncertaintyin Assessment Resultior
Monitored and Modeled Drinking Water and Surface Water Concentrations
The evaluation ofjeneral population drinking water exposure scenariosrgractedby uncertainties
and assumptiorsurrounding inputs anthe approaches usddr modeling surface water concentrations
and estimation of the drinking water dosesAppendixE.8, EPA assesses the overall confidence of
estimated releases for various GESor those OESreleasing to surface waj@onfidence is rated as
medium to high depending on an individual OES.

The modeling used and the associated default anesakted inputs have the ability to affect overall
strengthin evaluated general population exposuilideg facility-specific releases methodology described

in Section2.3.1.2.1andtheresults in2.3.1.3.1rely on a modeling framework that does wonsider
downstream fate or transport. However, the physibainical properties of 1-dioxane are expected to
moderate thisimitation due to its likelihood to stay in the water colynand due téhelack of removal
duringtypical drinking water treatment proced% reduce uncertaintieEPA incorporated an updated

flow network and flow data into this assessment that allowed a moispsitdic consideration of

release location and associated receiwater bodyflows. These facilityspecific releases are also
evaluated on a per facility basis thaednot accounfor additional sources of 1-dioxane that may be
present irthe evaluated waterway®o help address these limitations in this risk evaluai$tA

conducted additional aggregate and probabilistic approaebasiated in SectioR.3.1.2.1and Section
2.3.1.3.4thatgive a more complete overall estimation of possiblediggane concentrationEPA
acknowledges some uncertainty in the modeled flows represented for each reach of the NHDPlus V2.1
database, including the consideration that modeled flows are based on flow data collected from 1971 to
2000. Some variation in flow statistics may beentpd for current and future flow conditiosnally,

drinking water exposures from faciligpecific result@ssumehat the exposure occurs at the receiving
water body Thewater bodiegvaluated mapr maynot be used as drinking water sourCes address

this limitation, EPA evaluated the proximity of known-tidxane releases to known drinking water
sourcesas well aknown drinking water intakes as described in Se@i@nl.2.4

To evaluate the accuracy of the aggregate model, case studies described in ApeBdigompared
modeled results to observetnitoredconcentrations. Thiaree evaluated case studies give good
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general agreement between available monitoring with modeleés.Overall, this gives strength to the
modeling assumptionmputsandoutputcalculationdor areas that are lacking robust monitoring data

The model is able to effectively capture tfemnerainfluences of both DTD loading, facility loading and
upstream contributions to createaggregation of possibEmbient surface water concentrationd @
dioxane.Themonitored data encompassed both ambient surface water monitoring as well as drinking
water system monitoring data. For the ambient surfaterwata, data is limited geographically and
temporally with many states having no reported data and even those areas reporting measured values
having limited samples over time. Monitored concentrations in close proximity to modeled releases were
rare oftenmaking direct comparisons of modeled resutigvailable.In most cases, monitoring data
representedvater bodiesvithoutidentifiedreleases of 1;dioxanenearby

Thehydraulic fracturing analysis relies on a Monte Carlo distribution of loading values with some level
of uncertainty and is itself a Monte Carlo simulation with potential receivatgr bodyflows. The
precision of such an analysis is lovegthemost extreme (minimum and maximum) values.

2.3.2 Land Pathway (Groundwater)
Any activiieswhere chemicals or wastesghtbe released to the environment has the potential to
pollute groundwatefTo understand possible exposure scenarios from these pragtfeassessed
drinking water exposure resulting from uselgfdioxanecontaminated groundwater due to chemical
injectionto Underground Class | Wellgaching from landfills where 1.dioxane or products
containing 1,4dioxanehave been disposednd disposal of hydraulic fracturing produced water to
surface impoundmentSections2.3.2.1through2.3.2.4providea description anénassessment of each
disposal practicerigure2-15 andFigure2-16 provide a visual summary of groundwater monitoring
data available through tMeQP (NWQMC, 2023.

2.3.2.1 Groundwater Monitoring Data
Measured, fieleollected datafrom environmental samplespresenting groundwater icdoxane
concentrations across the countrgrecollected as direct groundwater monitoring resditese results
are collated by the National Water Quality Monitoring Council and stored in the W@BMC,
2022. Somemonitoring results reported to the WQP included locations expected to be directly
impacted by 1,4lioxane releases. Data wereilable from 1997 to 2022, resulting8ri10available
sample resultsThe distribution and detection percentages are presenkagure2-15 andmapped in
Figure2-16. The process for identifying this data is provided in Appeiitlix This analysis is intended
to characterize the observed ranges ofdlgkane concentrations groundvater, irrespective of the
reasons for sample collection, and to provide context for the mogieladdwaterconcentrations
presented in Sectior®s3.2.1through2.3.2.4 In order to better understand where highest groundwater
concentrations are occuring, EPA arbitrarily portioned the data based on order of magnitude differences
to best describe where and when data differences could be observed.
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Figure 2-15. Frequency of Nationwide Detected1,4-Dioxane Groundwater
Concentrations (n = 2,284) Retrieved from the Water Quality Portal, 1997 2022
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Figure 2-16. DetectableConcentrationsof 1,4-Dioxane in Groundwater from the Water

Quiality Portal, 1997 2022

Note: Alaska, American Samoa, Guam, Hawaii, N. Mariana Islands, Puerto Rico, and the U.S. Virgin Islands
are not shown as there are no known monitoring data above detection limits.
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Figure2-15 shows the range of detected concentrations eflib¥ane in groundwater from 1993
2022. During this period the detection limits ranged from 0.028 pg/L to 320 pg/L. The maximum
detected concentration (31,000 pg/L) occurred in WestvNein 1997 ataformer wasteoil refinery.
This site and many others identified in this monitoring data have ongoing remediation projects to
address these contamination plumes.

Recent banges in industrial activitiesd disposaiay have largely reduced groundwater

contamination with 1 4lioxane. As shown ifigure2-17, samples collected prior to 2000 tended to be
substantially higher in concentration relative to those collected after 2003. This finding may be an
artifact ofhistoricaluses anahdustrialpractices related to I-dioxane Although several samples are

still above 10 pg/Lparticularly in 2007the bulk of datdend to fall between 1 and 10 pg/L. Without a
thorough investigation of what practices have changed in industry, it is difficult to attribute this decline
to a single event bumdicatescontinued work to prevent groundwater contamination
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Figure 2-17. Groundwater Concentrations of 1,4Dioxane vs. Sample
Collection Date for Data Collectecbetween 1997 and 2022

Figure2-16 shows the spatial distribution of detected-didxaneconcentration across the contiguous
states. This map shownelocations withconcentrations of 4;dioxanegreater than 10 pg/lThese

tend to be attributed to past industrial activities causing extensive groundwater contamimation.
addition to this monitoring data, groundwater contamination from disposirgdjdxdne to landfills has
been documented in Alaskia et al., 2013, California(Li et al., 201% Adamson et al., 2034

Michigan (Mohr and DiGuiseppi, 20)P0New York(Lee et al., 202)) and recently in Ohio
(https://cumulis.epa.gov/supercpad/cursites/csitinfo.cfm?id=05)4BPA was not able to identify
reasonably availabli@formation specific to groundwater concentrations near or around underground
injection sites, landfills, or surface impoundmethistreceived hydraulic fracturingroduced water.

2.3.2.2 Disposalvia Underground Injection
Undergroundnjection is a method of disposal for hazardous wastesre are generally six different
classes of underground weled only Class | Wells may be permitted to receive hazardous waste.
Oversight of these wells requires thatytlaee designed and constructed to prevent the movement of

6 Additional information about underground injection can be founikigis://www.epa.gov/uic
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injected waste streams into drinking water systems. Wells typically consist of three or more concentric
layers of pipe including surface casing, long string casing, and injection tubing. In addition, wells must
be sited at locations with geologies thatigate any movement of contaminants outside of a confined
layer n case of well failure. Extensive prsiting geological tests confirm that the injection zone is of
sufficient lateral extent and thickness and is sufficiently porous so that fluids injleciadh the well

can enter the rock formation without extensive buildup of pressure or possible displacement of injected
fluids outside of the intended zone.

Potential pathways through which injected fluids can migrate to underground soulcegiofy water

include failure of the well or improperly plugged or completed wells near the well. Well failures can be
detected by continuous monitoring systems or mechanical integrity tests, at which point the wells would
be shutin until they are repagér d . EPAGs extensive technd0cCaBR requi
148) are designed to prevent contamination of underground sources of drinking water through these
pathways. Operators must conduct appropriate mechanical integrity tests yearly for hazardous wells and
every 5 years for nonhazardous wells to ensure wellstdoe tiperationNotethat the loss or failure of
mechanical integrity does not necessarily mean that wastewater will escape the injection zone. This
added security can be attributed to redundant safety systems to protect against loss of waste
confinement

2.3.2.2.1 Summary of Assessmenfior Disposal to Underground Injection
According to EPAOGs TRI dat abdoxame hatbbesa disposedrofeviat wo
underground injection to Class | Wells. Gite disposals to Class | underground injection wells are
provided inTable_ApxH-1. Onsite Class | underground injection wells may be owned and operated by
the producer of the waste. &fite disposals to Class | underground injection wells are provided in
Table_ApxH-2. Offsite Class | underground injection wells may be secondary entities that own and
operate the well. Both esite and offsite underground injection wells must be permitted and regularly
inspected. Careful review of the permits and state databases catestbat both sites are permitted
and compliant. These sites have implemented groundwater migration controls and the Enforcement and
Compliance History Online (ECHO) databdseS. EPA, 2022findicates the site is currently in
compliance.

In addition to reviewing these permits, EPA revieweasonably availablgroundwater monitoring data
available via state databases as well as via the WQFigee2-15 andFigure2-16) and found no

evidence of groundwater contamination near the faciliBesause underground injection is not

expected to result in groundwater contamination basedeoreasonablgvailable information, EPA did

not quantitatively estimate groundwater concentrations, exposures, or risks from underground.injection

2.3.2.2.2 Strengths, Limitations, and Sources of Uncertaintyin Assessmenbf
Disposal to Underground InjectionWells

Because EPA did nofuantitatively evaluatthe potential exposure from disposing-tljdxane via
underground injection, the major source of uncertainty is limited to the accuracy of state databases
providing monitoring data surrounding these wells. EPA believes these databases are reporting
accuraely where contaminations are known, but only explored states where the TRI database indicated
there were disposals via underground injection. Disposals below the reporting requirement for TRI may
not be captured.

2.3.2.3 Disposal to Landfills
Landfills may havevarious levels of engineering controls to prevent groundwater contaminetiese
can include industrial liners, leachate capturing systems, and routine integration oHoaseer,
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groundwater contaminatidrom disposal of consumer, commercial, and industrial waste streams
continuesto bea prominent issue for many landfills throughout the United S(ates al., 2015Li et

al., 2013 Mohr and DiGuiseppi, 20)0These contaminationsay be attributed to perforations in the

liners, failure of the leachate capturing system, or improper management of the lahdfillmxane

persists in groundwater and can migrate away from landfills into nearby communities at the same rate as
hydraulic flow(Mohr and DiGuiseppi, 20)0When these communities rely on groundwater as their

primary drinking water source, there is a potential for exposure via oral ingestion if that water is
contaminated witli,4-dioxane and does not undergo treatmBepending on the distance between the
landfill anda drinking water wellas well aghe potential rate of release of landfill leachate into
groundwater, the concentration of this exposure can vary substantially

Landfills aregenerallyregulated undethe Resource Conservation and Recovery (Re€RA). RCRA
landfills can be classified as Subtitlgl@zardous waste landfillsy Subtitle D(municipal solid
nonhazardouwaste landfills) Subtitle C establishes a federal program to manage hazardous wastes
from cradle to grave. The objective of the Subtitle C program is to ensure that hazardous waste is
handled in a manner that protects hurhaalthand the environmen¥hen waste generators produce
greater than 100 kger month of noracutely hazardous waste, those hazardous wastes, including 1,4
dioxane, meeting the U108 waste code description in 40 CFR 261.33, must be treated to meet the land
disposal restriction levels in 40 CFR part 268 and be disposed in RCR#ées@bandfills. These
disposals are captured partially through the Tokielease Inventory and are reported for onsite
facilities (Table_ApxH-3) and offsite facilitiesTable _ApxH-4). Recent violations of permits are
reported in the footnotes of each table.

Review of state databases does not suggest any readily available evidence of groundwater contaminatior
near or coinciding wittsubtitle Coperations that could affect a drinking water sup$iyilar review of

the data available via the W@RBggests that there are no known contaminations from RCRA Subtitle C
Landfills as reported to the TRI program ($égure2-14 andFigure2-15). The absence of groundwater
contaminatiomear RCRA Subtitle C Landfillsiay be attributed to many of the ongoing engineering

controls buit into these facilities as well as active monitoring of groundwater wells around faciisies.

a result, EPA did not assess Subtitle C landfills further than understanding their permit violations.

Regulations established under Subtitle D ban open dumping of waste and set minimum federal criteria
for the operation of municipal waste and industrial waste landfills, including design criteria, location
restrictions, financial assurance, corrective acfmean up), and closure requirements. States play a

lead role in implementing these regulations and may set more stringent requirements. National
requirements for Subtitle D landfills are most specific for MSW landfills. MSW landfills built after 1990
must be constructed with composite liner systems and leachate collection systems in place. Composite
landfill liners consist of a minimum of two feet of compacted soil covered by a flexible membrane liner,
which work in concert to create a low hydraulic cociilvity barrier and prevent leachate from being
released from the landfill and infiltrating to groundwater. A leachate collection system typically consists
of a layer of higher conductivity material above the composite liner that funnels leachateativeentr
collection points where it is removed from the landfill for treatment and disposal. Despite these controls,
releases may still occur due to imperfections introduced during construction or that form over time (Li et
al., 2015; Li et al., 2013; Mohmnd DiGuiseppi, 2010); thus, groundwater monitoring is required to

identify and address any releases before there can be harm to human health and the environment. RCRA
Subtitle D requirements for nddSW landfills are less stringent. In particular, nonhdaas industrial

landfills and C&D debris landfills do not have specified national requirements for construction and
operation and certain landfills are entirely exempt from RCRA criteria. Under the Land Disposal
Program Flexibility Act of 1996 (Pub.L. 1a119), some villages in Alaska that dispose of less than 20
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tons of municipal solid waste daily (based on an annual average) may dispose of waste in unlined or
clay-lined landfills or waste piles for open burning or incineration.

There are a several potential sources ofdlggane to Subtitle D landfills. Waste generators that

produce less than 100 kg per month of-acntely hazardous waste, including-tljidxane meeting the

U108 waste code, may dispose of this waste in thedéllanNonhazardous industrial wastes also have

the potential to contain l-dioxane at variable concentrations. Consumer and commercial products may
also contain 14lioxane in relatively low amounts. The greatest potential for release of disposed 1,4
dioxane to groundwater is from landfills that do not have an adequate liner system. Thus, an objective of
this assessment is to evaluate the potential for groundwater contamination in the absence of landfill
controls.

This assessment was completed using the Hazardous Waste Delisting Risk Assessment Software
(DRAS). DRASwasspecifically designed to address the Criteria for Listing Hazardous Waste identified
in Title 40 Code of Federal Regulations (40 CFR) Section 261.11(a)(3), a requirement for evaluating
proposed hazardous waste delistings. In this assessment, DRAS isthieag to determine potential
groundwater concentrations of idibxane after they have been disposed of into aha@ardous waste
landfill. The results of this assessment are founbainle2-14. This assessment relied on the default
wasteloading rates for RCRA Subtitle C Landfibwailable in DRASSimilarly, the assessment relied

on the default values for dioxane as the chemical of concern. Lastly, leachate concentrations were
estimated for a range of possibilities until no risk could be identified at the lower end of those
concentrations. Beoge DRAS calculates a weight adjusted dilution attenuation factor (DAF) rather
than a groundwater concentration, a back of the envelop computation was used taltemi¥&F to a
potential corentration thapeople livingwithin 1 mile of a landfill might be exposed if the release were
not identified and remediated.
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Table 2-14. Potential Groundwater Concentrations (ug/L) of 1,4-DioxaneFound in Wellswithin 1 Mile of a DisposalFacility
Determined by Using the DRASM odel

Leachate Concentration

Loading Rate (g)

(hg/L) 4,556 04 | 4558 03 | 4.55H 02 | 4.558 01 | 4.55E00 | 4.55E01 | 4.55202 | 4.55E03 | 4.55E04 | 4.55E05
1.00H 07 7.81H 13 | 7.46H 12 | 5.46H 11| 5.216 10 | 6.49H 09 |6.17H 08 |5.88H 07 |5.62H 06 |5.38H 05 |5.13H 04
1.00H 06 7.81H 12 | 7.46H 11 | 5.46 10 | 5.21H 09 | 6.49H 08 |6.17H 07 |5.88H 06 |5.62H 05 |5.38H 04 |5.13H 03
1.00H 05 7.81H 11 | 7.46H 10 | 5.46H 09 | 5.216 08 | 6.49H 07 |6.17H 06 |5.88H 05 |5.62H 04 |5.38H 03 |5.13H 02
1.00H 04 7.81H 10 | 7.46H 09 | 5.46H 08 | 5.216 07 | 6.49H 06 |6.17H 05 |5.88H 04 |5.62H 03 |5.386 02 |5.13H 01
1.00H 03 7.81H 09 | 7.46H 08 | 5.46H 07 | 5.216 06 | 6.49H 05 |6.17H 04 |5.88H 03 |5.62H 02 |5.38H 01 |5.13FE00
1.00H 02 7.81H 08 | 7.46H 07 | 5.46H 06 | 5.216 05 | 6.49H 04 |6.17H 03 |5.88H 02 |5.62H 01 |5.38E00 |5.1301
1.00H 01 7.81H 07 | 7.46H 06 | 5.46H 05 | 5.216 04 | 6.49H 03 |6.17H 02 |5.88H 01 |5.62E00 |5.38E01 |5.13F02
1.0CE00 7.81H 06 | 7.46H 05 | 5.46H 04 | 5.216 03 | 6.49H 02 |6.17H 01 |5.88E00 |5.6ZF01 |5.3&02 |5.1F03
1.06E01 7.81H 05 | 7.46H 04 | 5.46H 03 | 5.216 02 | 6.49H 01 |6.17E00 |5.88E01 |5.6Z02 |5.38E03 |5.1F04

Concentrations organized pgtential loading ratefikg) andpotential leachate concentratiqips /L).
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2.3.2.3.1 Summary of Assessmenfior Disposal to Landfills
EPA determined through modeling thgrbundwaterconcentration ol,4-dioxaneincreasedvith
increasindandfill load rateandincreasingeachateconcentrationWith each progressive iteration of
loading rateor leachate concentration, potential groundwater concentrations increase by an order of
magnitudeWhen both loading rate and leachate incregsenie order of magnitude, potential
groundwater concentration increase by two orders of magnitindse increaseg€an largely be
attributedto the increasing weight adjustedudibn attenuation factaand are what would be expected
for a chemical substances with-l4 o x @hyscélcs h e mi c a | properties (wate
law constant) and fate charactéds (biodegradability, hallife in groundwater. 1,4-Dioxanemigrates
in groundwateat the rate of hydraulic flo&nd can persist for greater thandy/s in anaerobic
environmentgAdamson et al., 2034Mohr and DiGuiseppi, 20)@s described in the 2020 REhus,
these concentrations are likely to represent the rangeteitial groundwateroncentration$or PESS
living within a I-mile radius of &RCRA Subtitle D landfills and other ngdubtitle C lanéill s.

EPA also determined that the modeled concentrations are within the range of concentrations of 1,4
dioxane found in groundwater monitoring studi@survey of monitoring studies i@aliforniahas
demonstrated thdt 4-dioxane concentrations groundwater can range fra@rug/L at 1Qh percentile

to 13460 pug/L at the 9@h percentile(Adamson et al., 20d4Moni t ori ng data from E
Unregulated Contaminant Monitoring Rule (UCMR3) reporteddiggkane concentrations in
groundwater ranging fro.07 to 34 pg/L (Adamson et al., 201 U.S. EPA, 2017§ Though many of

the corresponding sites in these monitoring surveys are not specifically tied to the disposal of 1,4
dioxane to landfills, they provide context for what concentrations may be expdatedontamination
occurs When focusing on groundwater concentrations ofdlggkane surrounding landfillsased on
reasonably available informatipBPA foundconcentrationsf 1,4-dioxane rangingrom 6.4 to 25 mg/L
(Cordone et al., 20)6Leaching from unlined lagoons in Michigan resulted in groundwater
concentrationsighs ranging from 000 to 20,000 pug/L (Jackson and Lemke, 2G19ohr and

DiGuiseppi, 201 four decades later concentrations are now reaching 2 mg/L or less after active
treatment and natural attenuation. Mean concentrations-olidxdne in landfill leachate in the United
States has ranged from.&ug/L for municipal landfills to 4% pg/L for hazardous waste landfills (as
described ifMohr and DiGuiseppi, 203 These concentrations further support that the modeled
concentrations are within the range of those reported in the literature.

2.3.2.3.2 Strengths, Limitations, and Sources of Uncertaintyin Assessment Results
for Disposal to Landfills

Uncertainties and limitations are inherent in the modeling of groundwater concentrations from disposing
chemical substances iINRCRA Subtitle Dlandfills and other noiBubtitle C landfills These
uncertainties include, but are not limited to, determining the total and leachable concentrations of waste
constituents; estimating the release of pollutants from the waste management units to the environment;
and,estimatingtransport of pollutants in a range of variable environments by process that often are not
completely understood or are too complex to quantify accurately. To address some of these uncertainties
and add strength to the assessment, EPA considered multiple loading rates and multiple leachate
concentrations. These considerations add value toastexposure that falls at an unknown percentile
of the full distribution of exposures.

A strength of the assessment is that the modeled data are within the range of monitoring data that have
been evaluated at both the national s¢atamson et al., 203 J.S. EPA, 2017yand local scaleg.i

etal., 2015Li et al., 2013 Mohr and DiGuiseppi, 20)0However, the modeled results may not

represent current conditions of waste management units in the United Btdtethe DRAS model and
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EPACMTP are based on a survey of drinking water wells located downgradient Wastea
management un{t).S. EPA, 1988 Due to the age of the survey, it is uncleawhhe survey represents
current conditions and proximity dfinking water wellgo disposal unitsSimilarly, it is not clear if the
surveyed waste management units are representatverehtwaste management practices.

2.3.2.4 Disposal of Hydraulic Fracturing Produced Waterto Surface Impoundments
After hydraulic fracturing operations inject fluids to extract oil and gas, a substantial volume of water
may be produced through flowba®©therwise known as produced watehg tomposition othis water
depends both on the geochemistry of the injected area and the injecte{LflGidSPA, 2016g 1,4
Dioxane has been reported to EPA as one of the chemicals present in producebwddterfacilities
via FracFocus 3.0GWPC and IOGCC, 2034Table2-15). A variety ofoptionsexist for these
produced waterafter use in hydraulic fracturingperationganging from underground injection,
treatment and subsequent use, treatment and discharge, or evapoatiface impoundmentg&ach
of theseoptionsaresubject to state and federal regulatiidsS. EPA, 2016 When produced waters
arereleasedo unlined surface impoundmentisere is potentiaior groundwater contaminaticand
subsequent human exposure via drinking wdteus, EPA conducted an assessment to determine the
range of groundwater concentrations within-aile radius of surface impoundments receiving
produced water from hydraulic fracturing operations.

Based ortheresults ofMonte Carloanalysis presented fable_ApxE-5, disposal to these surface
impoundments could account for up tp&centof all produced waters. 1-Rioxanehas been

documented to have a concentration of 60 pg/L in these produced (Latees et al., 2005 Thus

EPA assessed the potential for disposing of hydraulic fracturing produced watertat §3h595th,

and 9%h percentiles as well as at the min, mean, and max to a managed surface impoundment assuming
these loading rates antbncentration using DRAS. The results are presentédbie2-15.

2.3.2.4.1 Summary of Assessmenfior Disposal of Hydraulic Fracturing Produced
Water

In general, EPA determined that groundwater concentrations-aidxdne would increase as more
produced water was released to surface impoundmEmgsvalues presented Trable2-15 represent the
maximum 3-year receptor well concentration within arile radius of a hypotheticaurface
impoundmenthat leaches into groundwat®&Yith each progressive iteratiaf summary statistitor
loading rate, potential groundwater concentrations incr@esadingly This increase can be attributed
to the decrease in the weiegndjusted dilution attenuation factor. As the mass oflig#ane entering an
aquifer increases, it is less diluted dmgher concentrations will be found downgradiéne to its
physicatchemcal propertiesé.g.,.wat er s ol u lhaw constant) antifate aharaiteristies(,
biodegradability, halfife in groundwater), 14lioxane migrates in groundwater and can persist for
greater than 30 days in anaerobic environmgkdsimson et al., 2034Mohr and DiGuiseppi, 20)@s
described in the 2020 RE. Thus, these concentrations are likely to represent the patgyetiof
groundwaterconcentration$or peopleliving within a I-mile radius of asurface impoundment
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Table 2-15. Total Annual Release Summary

Total Annual Release Moqte Carlo ngght Adjustgd Potential

(kg/site-year) Analysis _Su_mmary Dilution Attenuation Ground_water
Statistic Factor Concentration (ug/L)
1.6800 Max 3.18 1.89H 05
01.87H 01 99%th Percentile 3.91 1.54H 05
6.520 02 95th Percentile 3.91 1.54H 05
1.478 02 Mean 84 7.108 07
3.83EH 03 50th Percentile 495 1.20H 07
3.248 05 5th Percentile 495 1.20H 07
1.06H 11 Min 135000 0.0CE00

2.3.2.4.2 Strengths, Limitations, and Sources of Uncertaintyin Assessment Results
for Disposalfrom Hydraulic Fracturing Operations

Although it is well understood that iglboxane is present in produced waters from hydraulic fracturing
as reported in FracFocgSWPC and IOGCC, 2022the number of studies reporting the concentration
of the chemical substances in produced wasdisiited (Lester et al., 200)5FracFocus is generally
considered a moderately reliable source of information as it is based on data from thousands of fracking
wells across the United Stat&sirther both the release assessm@stdiscussed i8ection2.2.1.2 see
alsoTable_ApxE-7) and the groundwater concentration assessriam€2-15) are modeled using a
Monte Garlo simulation. These conditions lower the confidence in the overall assessment.

2.3.3 Ambient Air Pathway
EPAdeveloped and applied tiered methoda#sgnd analyse$o estimate ambient air concentrations
and exposure® members of the general populatidinesemethodologesandanalysegocus on
inhalation exposures #subset of the general population referred tdeaeline communities
Fenceline communities adefinedasa subsebf thegeneral populatiothat are in proximity to air
emitting facilities or a receivingiater body and who therefore may be disproportionately exposed to a
chemical undergoing risk evaluation under TSCA sectibh &0r the air pathway, proximity goes out
to 10,000 m from an air emitting sourdée methodology and analysesre first presented in tHg922
Draft TSCA Screening Level Approach for Assessing Ambient Air and Water Exposures to Fenceline
Communities Version@(U.S. EPA, 2022)jand included the screening methodology and sipgée
analysis. In response to SACG&ommendations on the 20&hcelinereport to consider multiple years
of release dat&PA added the mulyear analysis to this supplemental risk evaluation. However, the
order of these analyses caused some confusion when the dwdithxigde supplemental risk evaluation
went through public comment and peer review becthesenultiyear analysis uses a lower tier model
(IIOAC’) after the singleyear analysis used a more complex, higher tier madak(ican
Meteorological Society/Environmental Protection Agency Regulatory Mod®ERMOD).
Nonetheless, since the muygar analysis was intended to identify if consideration of multiple years of
release data resulted in different exposure characterization and risk conclusions using a lower tier model
to screen any differences in exposusiiis a logical first step. Ultimately, EPA did not identify
differences in either exposure characterizations or risk conclusions when considering yedtiplef
release data and therefore did not pursue additional analysis using both meéiglef data and the
higher tier model (AERMOD)The specific methodologies used in this assessment to evaluate general

“ThellOAC website is available diitps://www.epa.gov/tsescreeninetools/iioacintegratedindooroutdoorair-calculator
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population exposures to t¢doxane in aiare briefly described iRigure2-18. Additional details on the
methodologies are provided Appendix J

—[ Ambient Air: Screening Methodology }

uMethodology is independent of facility and use classifications. Analysis broadly
estimates ambient air concentrations and associated exposures/risks based on
maximum and mean releases at three ftefined distances from a releasing facility.
Designed to inform whether application of highier analysis methodology is
warranted.

—[ Ambient Air: Single Year Methodology (AERMOD or [IOAC) }

uMethodology is facility and scenario specific. Analysis evaluates ambient air
concentrations and associated exposures/risks resulting from faspiggific releases
across multiple distances from the source. Utilizes a single year of release data, but can
be expanded to utilize multiplgears of release data from multiple data sets/sources.

—[ Ambient Air: Multi-Year Analysis Methodology (IIOAC) }

wMethodology is facility and scenario specific. Analysis evaluates ambient air
concentrations and associated exposures/risks resulting from faspiggific releases at
three pre-defined distances from a releasing facility. Utilizes multiple years of release
data reported to TRI. Developed in response to SACC comments/recommendations on
the 2022 Fenceline Report to consider multiple years of release data to estimate
exposures and associated risks.

Figure 2-18. Brief Description of Methodologies and Analyses Used to Estimate Ambient
Air Concentrations and Exposures

EPA used thair release estimates obtained usingnile¢hodology described in Secti@rl.1.3as direct
inputs for the models used to estimate exposure concentrations at various distances from a releasing
facility. EPA expanded upon timeethods described in tl2®22Draft TSCA Screening Level Approach

for Assessing Ambient Air and Water Exposures to Fenceline Communities VEgIO1I51EPA,

20229 in response to SACC comments/recommendatigrsvaluating potential aggregate
concentrations from multiple facilities

2.3.3.1 Measured Concentrations in Air
EPA did not identifyquantitativeoutdoor air monitoring data for dioxane.

2.3.3.2 Modeled Concentrations in Air
Becausehere is nair monitoring data for 1;dlioxane the Agencyrelied upon modeling to estimate
exposure concentrations fenceline communitieat varousdistances from a releasing facility.
Modeling was used for each analysis describdeélgnre2-18 for 1,4-dioxane For scenariosvhere the
screening methodology indicated a need for further analysis, EPA performed a full analysisaising
AERMOD and/or IIOAC.IIOAC analysis was performed for thr€®©Us where no sitspecific data
were availabléHydraulicfracturing, Industrialaundry facilities Institutionallaundry facilitieg and is
briefly describedn Section2.3.3.2.4with resultspresentd and discussed in Sectidn2.2.3.2and
5.2.2.3.3An expanded analysis to consider aggregate exposures was performeebfokang in
response to SACC comments/recommendations o20R2Draft TSCA Screening Level Approach for
Assessing Ambient Air and Water Exposures to Fenceline Communities Ve@gI0rs1EPA, 2022)]
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2.3.3.2.1 Ambient Air : ScreeningMethodology
The Ambient Air: ScreeningMethodologyutilizesE P A BOAC model to estimate higend and central
tendency (mear,4-dioxaneexposureconcentrations in ambient air at three distances from an emitting
facility: 100, 100 to 1,000, and 1,000 m. EPA developed and evalasdje obxposure scenarios for
each oftwo categorical releasemount8 designed to capture a variety of release types, topography,
meteorological conditions, and release scenarios. A diagram of these exposure scenarios is provided in
Appendix J Findings from théAmbient Air: ScreeningMethodologywereused to infornthe need for a
highertier analysis as well as provide insight into whether risk estimates above the benchmarks are or
are not expected fdr,4-dioxane

The Ambient Air: ScreeningMethodologydesign inherently includes both estimates of exposures as
well as estimates of risks to inform the neadpotential needor further analysislif findings from the
Ambient Air: SreeningMethodologyestimaterisk (acute nofcancer, chronic nenanceror cancer)

for a given chemicadbove(or below as applicableypical Agency benchmark&PAgenerallywill
conduct ehighertier analysis of exposures and associated risks for that chemical. If findings from the
Ambient Air: SreeningMethodologyestimate risks that do not exceged fall below as applicable)
benchmarksEPAmay still conduct a limitetlighertier analysisat distances very near a releasing
facility (less than 100 m) to ensypetentialrisks are not missed.

A more detailed description of tiembient Air: ScreeningMethodologyfor 1,4dioxaneis providedin
Appendix J along with summarized resulta.generalfor 1,4-dioxane the resultof this analysis

identified risk estimates abogereeningpenchmarkfor cancerat multiple distances and for multiple
releases (max and meahj.accordance with the tiered methodology presented to the SACC202Be
Draft TSCA Screening Level Approach for Assessing Ambient Air and Water Exposures to Fenceline
Communities Version@(U.S. EPA, 2022)] because risk estimates exceeded the benchmark for cancer
based on thAmbient Air: ScreeningMethodology EPA conductedhultiple highertier analy®s of all
facilities reporting releases of i¢doxane to TRI

2.3.3.2.2 Ambient Air : Single Year Methodology (AERMOD)
The Ambient Air: Single Year Methodology (AERMOR}ilizestheE P A Anserican Meteorological
Society/Environmental Protection Agency Regulatory Model (AERMQ®}stimatel ,4-dioxane
concentrations in ambient air at eight finite distances (5, 10, 30, 60, 100, 2,500, 5,000, and 10,000 m)
and one area distance from an emitting facifitfhe single year modeling analysis was conducted as
part of the 2022 fenceline work, and therefore completed prior to consideration of multiple years of
release data (multiear analysis)EPA modeled twdlifferent types of release estimates, as applicable,
for 1,4-dioxane:(1) facility-specific chemical releases with source attribution when 2019 TRI data was
available, and (2) alternative release estimates representing a generic facility when 2019 TRI data was
not available for an OES. Daily and period average outputsattaged via modelingand post
processing scripts were used to extract a variety of statistics from the modeled concentration
distribution, including the a6 (high-end) 50h (central tendency), and tt0(low-end) percentild.,4-
dioxaneconcentrations at each distance modeled.

8 The prescreening methodology from the 2022 fenceline analysis evaluated two categorical release values across all
facilities reporting releases to the 2019 TRI. The first is the maximum single facility release reported across & faeilitie
second is the mean (arithmetic average) of all releases reported across all facilities reporting.

9 Seehttps://www.epa.gov/scram/aguality-dispersioamodelingpreferredandrecommendedanodels#aermotbr more
information

YFor the one fnarea distanceo evaluated, receptors are pl
100 m spacing. This results in a total of 456 receptors. The exposure estimates for the area distance represent the arithmeti
averagefhean) exposure concentration across all 456 receptor :
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A summary of the concentration ranges estimated usingrttieent Air: Single Year Methodology
(AERMOD) is provided inTable2-16. The summary includekl OESs andselect statisticdnaximum,

mean, median, and minimurodlculated from the modeled concentration distributions within each OES
at each distance model€the associated range of estimated concentraisdpesedn 33 years

exposure duration artie maximum 95h percentileannual average exposure concentrations for each
distanceAlthoughthe range of concentrations are provided, there are many instances where the range
extends as many ag @rders of magnitudom minimum to maximum concentrationhis occurs

because within each OES there are several individual facilities evaluated and, in most cases, the reportec
release values from each individual fagiltan vary widely (from 50(blto severahundred thousand
pound$, which in turn affects the range of estimated exposure concentrations at a given distance.
Thereforegin trying to summarize the wide variety of releases into a single rdregeariation in

estimated concentrations will also appear extensive. This is not indicative of an inadequate analysis or
methodology, but solely based on the variability of releases da@bkses within a given OES.
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Table 2-16. Summary of Select Statisticor the 95th Percentile Estimated Annual Average Concentrations from théFull -

Screening@ Analysis for 1,4Dioxane Releases Reporteth TRI

repackaging

# Facilities Annual Average Concentration (ppm)Estimated within 5 to 10,000 m of Releasing Facilities
OES Evaluated Statistic 100 to
in OES 5 10 30 60 100 1,000 2,500 5,000 10,000

Max 426603 | 5.056803 | 1.80603 | 6.906 04 | 3.15604 | 2.95H05 | 1.89H 06 | 6.28H 07 | 2.09H 07

. Mean 476H04 | 6.926H04 | 2.79604 | 1.126H04 | 5.39605 | 6.006 06 | 3.46EH 07 | 1.186 07 | 412608
Pisposal o Median 8.44506 | 1.656 05 | 9.356H06 | 8.7065 06 | 5.81606 | 7.64E 07 | 4.536 08 | 1.486 08 | 4.81H 09
Min 3.31815| 9.85614 | 517611 | 972610 | 2.03H09 | 1.10809 | 1.21510 | 3.81611 | 1.22H 11

Max 1.61610 | 7.14609 | 5.10807 | 3.88606 | 6.295 06 | 9.926 07 | 2.79E6 08 | 8.44E 09 | 3.68E 09

Dry film 8 Mean 2.066811 | 9.46610 | 1.906 07 | 2.286 06 | 4.05606 | 8.14607 | 1.956 08 | 5.946 09 | 2.45H 09
lubricant Median 2.46B13 | 358611 | 1.59607 | 2.21606 | 4.00606 | 7.7568 07 | 1.886 08 | 6.026 09 | 2.66H 09
Min 405818 | 2.19813 | 5.64608 | 9.23H07 | 2.39606 | 7.396H07 | 1.36H 08 | 4.026 09 | 1.40H 09

Max 6.53503 | 1.36602 | 7.33603 | 3.09503 | 1.64603 | 3.81604 | 2.206 05 | 9.006 06 | 3.45H 06

Ethoxylation 5 Mean 174503 | 3.05603 | 1.49503 | 6.186504 | 3.23604 | 7.036 05 | 4.026 06 | 1.62E 06 | 6.13E 07
byproduct Median 2.44504 | 4406504 | 2.086504 | 8.7068 05 | 4.406 05 | 6.36H 06 | 3.096 07 | 1.036 07 | 3.406 08
Min 408614 | 6.326B13 | 429610 | 522609 | 1.15608 | 499609 | 7.176 10 | 3.396 10 | 1.40H 10

Max 1.25604 | 1.31604 | 441805 | 2.28605 | 1.25805 | 2.296 06 | 1.386 07 | 4.606 08 | 1.52H 08

_ Mean 3.90805 | 4.87605 | 2.04H05 | 9.36606 | 4.826H06 | 7.956 07 | 4.446 08 | 1.48H 08 | 4.87H 09
Film cement ! Median 2.02805 | 293605 | 1.746H05 | 7.33606 | 3.576H06 | 5.686 07 | 2.48H 08 | 8.106 09 | 2.65H 09
Min 3.176H06 | 6.36H06 | 497606 | 1.95H06 | 8.99607 | 1.326H07 | 444609 | 1.42609 | 4.61H 10

Max 1.28H05 | 2.36605 | 1.03605 | 1.08605 | 1.82H05 | 7.42H06 | 6.786 07 | 2.476 07 | 8.81H 08

ESithi(%T)aeln ) Mean 6.40806 | 1.186805 | 5.74506 | 7.71506 | 1.08505 | 4.24H 06 | 3.88H 07 | 1.4568 07 | 5.28H 08
system) Median 6.40606 | 1.186505 | 5.74606 | 7.716506 | 1.086 05 | 4.246 06 | 3.886 07 | 1.456 07 | 5.28H 08
Min 1.66611 | 1.93610 | 1.18H06 | 4.61606 | 3.37H06 | 1.06H 06 | 9.706 08 | 4.30H 08 | 1.74H 08

Import and 1 Single Facility | 2.708 11 | 557610 | 552608 | 4.17607 | 8.70607 | 3.21607 | 6.726 08 | 4.126 08 | 2.23H 08
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# Facilities Annual Average Concentration (ppm)Estimated within 5 to 10,000 m of Releasing Facilities
OES Evaluated Statistic 100 to
in OES 5 10 30 60 100 1,000 2,500 5,000 10,000
Max 419803 | 478603 | 1.54H03 | 5.67604 | 2.80604 | 7.15B05 | 8.79H 06 | 3.22H 06 | 1.13H 06
Industrialuses 12 Mean 8.76H04 | 1.14H03 | 4.08H04 | 1.70604 | 9.63H05 | 1.69H05 | 1.486H 06 | 5.45H 07 | 1.94H 07
Median 8.76H05 | 1.14H04 | 3.83H05 | 1.65H05 | 9.94B06 | 2.23606 | 3.19507 | 1.176 07 | 4.048 08
Min 775813 | 1.69612 | 240809 | 2506808 | 1.23608 | 1.10609 | 6.36B 11 | 1.976 11 | 6.14H 12
Max 2.066B03 | 2.15H03 | 7.26H04 | 3.75H04 | 2.06604 | 3.76B 05 | 2.27606 | 7.576 07 | 2.508 07
Labor_atory 1 Mean 6.84H04 | 8.52H04 | 3.58H04 | 1.64H04 | 8.46H05 | 1.39H05 | 7.7768 07 | 2.59H 07 | 8.55H 08
chemical Median 4306804 | 565H04 | 3.156H04 | 1.36H04 | 6.68H05 | 1.08H 05 | 4.82H 07 | 1.59H 07 | 5.24H 08
Min 7.39H05 | 1.48H04 | 1.16H04 | 4.55H05 | 2.09605 | 3.08506 | 1.036 07 | 3.30B 08 | 1.07H 08
Manufacturing 1 Single Facility | 8.73503 | 1.63602 | 7.696 03 | 3.22H03 | 1.59H03 | 1.42H04 | 8.21H 06 | 2.54H 06 | 7.92H 07
Max 8.01H03 | 9.57H03 | 3.506B03 | 1.406B03 | 6.43604 | 1.07604 | 2.07605 | 1.24B 05 | 6.58H 06
PET Mean 141603 | 1.89H03 | 7.83604 | 3.366H04 | 1.85H04 | 3.31B 05 | 4.236 06 | 2.08E 06 | 9.608 07
manufacturing 3 Median 8.00E04 | 1.64H03 | 5.21H04 | 2.27H04 | 1.426E04 | 2.64H505 | 2.48H 06 | 1.09H 06 | 3.94H 07
Min 6.046 12 | 854511 | 3.01H08 | 243607 | 5.56H07 | 3.02607 | 4.33608 | 2.076 08 | 9.30H 09
Max 7.795 07 | 8.40B 07 | 2.85H07 | 1.506 07 | 8.556H08 | 1.55H08 | 1.726 09 | 6.30H 10 | 2.45H 10
Spra}y fqam 1 Mean 2.686507 | 3.30E07 | 1.34H07 | 6.21H08 | 3.286H08 | 5.29509 | 4.786 10 | 1.676 10| 5.97H 11
application Median 141607 | 1.95607 | 1.14607 | 4.88608 | 2.36H 08 | 3.64H 09 | 2.25H 10 | 7.408 11 | 2.40H 11
Min 251H08 | 443508 | 3.45H08 | 1.36B08 | 6.07609 | 8.42B10 | 3.26B 11 | 1.10B 11 | 3.74H 12
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Based on the air concentratioestimatedhrough theAmbient Air: Single Year Methodolog¥PA also
estimated potential aggregate air concentrations resulting from the combined releases of multiple
facilities in proximityto each otheiDetails of tle methods used to aggregate exposure and
corresponding risk are presented in Apperddi

2.3.3.2.3 Ambient Air : Multi -Year Analysis (IlOAC)
The multiyear analysisitilizesE P A IBOB\C model to estimate highnd and central tendency (mean)
1,4-dioxane concentrations in ambient air at three distances from an emitting :faéli{y100 to 1,000,
and 1,000 m. The mulsiear analysisncorporates SACC recommendations on2622Draft TSCA
Screening Level Approach for Assessing Ambient Air and Water Exposures to Fenceline Communities
Version 10 (U.S. EPA, 2022)lby evaluating multiple years of chemical release data to estimate
exposures and associated risks to fenceline commuinitiesling an average release across all years of
reported data for each facility evaluaté&tiis is achieved for 1;dioxane by expanding upon
methodologieslescribed in the 20Z2ncelinereport and conducting a facildyy-facility evaluation of
all 1,4-dioxanereleases reported to TRA015 through 2020 Data for these 6 years were obtained from
the TRI database (TRI basic plus files downloaded on August 5, 2022). Annual release X4ta for
dioxane vere extracted from the entire TRI data set for all facilities reporting air releasgsdbxane
for one or more years between 2015 and 2020. Facilities were categorized into occupational exposure
scenarios for modeling purpogesinform he release scenarios evaluated.

The multiyear analysis provides highlights of the y&myear variability that exists in the release data
and illustrates the potential impact of considering multiple years of TRI data on exposure and risk
estimates. The findings from the mufear analsis can also be used in a comparative manner to
determine how representative the single year of data used fambient Air: Single Year

Methodology (AERMOD)presented in the 20Z2ncelinereport is or to provide additional confidence
in the findings fom theAmbient Air: Single Year Methodology (AERMO@escribed in the 2022
fencelinereport for purposes of estimating exposuresassbciatedisks to fenceline communities. In
broader terms, the muliear analysiprovides both a broad analysis of multiple years of release data
and enables a general comparison toAtmbient Air: Single Year Methodology (AERMODgsults
described above and in the 2G2acelinereport.

2.3.3.2.4 Ambient Air: IOAC Methodology for COUs Without Site-Specific Data
(Hydraulic Fracturing, Industrial, and Institutional Laundry Facilities)

For COUs without sitespecific dataEPAG IIOAC modelwas usedo estimate higtend and central
tendency (mean) 1.dioxane concentrations in ambient air at three distances from an emitting facility
(100, 100 to 1,000, and 1,000 m). This methodology was applied for three unique COUs (hydraulic
fracturing,andindustrial, and institutional laundry facilities) where there was nespiéeific data
available for modelingn the 2019 1,4ioxane risk evaluatiorEnvironmental releases (fugitive and
stack) alog with other data (like days of release) for these COUs were estimated using Monte Carlo
modeling. As such, the Ambient Air: IOAC Methodology for COUs withoutsgiecific data was
developed to allow modeling all possible iterations of releases proaatedsightdifferent exposure
scenarios, including consideration of source attribution as well as actual days of release. Additionally,
the product form for laundry detergent was provided, allowing for analysis of releases associated with
detergent in v@or only form, as well as solid form (particulate) either coarse (PM10) or fine (PM2.5). A
description of this methodology is providedAppendix Jalong with a summary of the model inputs
and exposure scenariegaluated. A full list of the inputs, exposure scenarios, and results is provided in
1,4-DioxaneSupplementdhnformationFile: Air Exposure and Risk Estimates for-Dibxane
Emissions from Hydraulic Fracturing Operatio(is.S. EPA, 2024pand1,4-DioxaneSupplemental
InformationFile: Air Exposures and Ridkstimates foindustrial Laundry(U.S. EPA, 2024
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In response to SACC recommendations, EPA made revisions to the release assessments for hydraulic
fracturing and industrial and institutional laundri€ee Agencyconsidered the magnitude of impact of
these revision® estimated releases to determine whethese revisions should be carried through
corresponding modeled air concentrations. For both hydraulic fracturing and for laundries, EPA
concluded that the shift in release estimates based on alternate assumptions, inputs or model
distributions are natxpected to shift exposure and risk estimates sufficiently tothéewrerallrisk
conclusion. For those COUs, EPA has therefore retained the oagicaincentration modeling,

exposure and risk estimates based on the original release assessments published isutpplenadint

2.3.3.3 Strengths,Limitations, and Sources of Uncertainty for Modeled Air
Concentrations
EPA has mediuno highconfidence in th air concentrationsstimatedrom TRI releasalata using
lIOAC and AERMOD.

lIOAC

IIOAC estimates air concentrations at three fatefineddistances (100, 100 to 1,000, and 1,000Th§
inherent distance limitations 4OAC do not allow estimation of exposuresser to a facility (less than
100 m from the facilitywhere we expect to see higher exposures from fugitive releases

IIOAC uses meteorologicaatafrom 14 predefined meteorological stations representing large regions
across the United Statékhis generalizes the eteorological datased to estimate exposure
concentrations where competing conditicasinfluence theexposure concentrationsodeledupwind

and downwind of a releasing facilityo reduce the uncertainties associated with using regional
meteorological data, EPA conducted a sensitivity analysis of all 1dgfireed meteorological stations

to identify which two within IIOAC tended to result in a highd and central tendency estimaf
exposure concentratioriBhis maintaireda moreconservative exposure concentratestimate which is
thenusedin calculationgo estimaterisks. This approach adds confidence to the findings by ensuring
potential risks would be capturedder a lgh-end exposure scenario, while also providing insight into
potential risks under a less conservative exposure scenario (central tendency)

AERMOD

AERMOD isanEPA regulatory model anaas beethoroughly peer reviewedhereforethe general
confidence in results from the model is high kalieson the integrity and quality of the inputs used and
interpretation of the results. For the full analysis, EPA wekshses reported to tB819 TRIlas direct

inputs to AERMOD Althoughthereis someuncertainty around theepresentativenesd usingonly a

single year of datsAERMOD successfully estimated exposure concentrations to fenceline communities.
Furthermore, in response to SACC recommendations to use multiple years ofatdtanéde exposures

and associated risks, ERIveloped the IIOAC ancbonducted anulti-year analysis using years of

TRI data and compared the results to thos®ERMOD and found exposure concentration estimates

from the2019 data is generally representative of other years

AERMOD relied upon the latitude/longitude information reported by each facility to TRI dsciuison

for thepoint of releaseAlthoughthis may generally be a close approximation of the release point for a
small facility (for example a single building), it may not represent the release point within a much larger
facility. Therefore, there is some uncertainty associated with the modeled distances from each release
point and the associated exposure concentrations to which fenceline communities maydx &xpos

small facilities where the latitude/longitude may closely approximate the release point, tHessis a
uncertaintythat the estimated exposure at the associated distamgrasentative of exposure to
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fenceline communities at that distance. For larger facilities, where the latitude/longitude may be several
hundred meters away from the actual release point, there is a higher uncertainty that the estimated
exposure at the associated distance is représentd exposure to fenceline communities at that

distance.

TheTRI dataset used forboth AERMOD and IIOAQJo not include source specitack parameters
thatcan affect plume characteristics and associated dispersion of the phenefore EPA usedore-
defined stack parameters within IOAC to represent stack parameters of all facilities modeleshcising
of these methodologie$hose stack parameters include a stack h&i@im above groundith a 2
meterinside diameter, an exit gas temperature of 3@¥in, and an exit gas velocity of 5 m per
second (seedble 6 of the IIOAC User Guide)hese parameters were selected sincergqaesent a
slow-moving, lowto-the-ground plume with limited dispersiavhich results in a more conservative
estimate of exposure concentrations at the distances evalatedchthese parameters magsult in
some overestimation @missions for certain facilities modeled.

Additionally, the assumption of a 200 area source for fugitive releases may impact the exposure
estimates very near a releasing facility (5 and 10 m from a fugitive release). This assumption places the
receptor at 5 ndirectly on top ofthe release point which may result in an over or underestimation of
exposure. This assumption places tharider receptor just off the release paivdtmay again result in

either an over or underestimation of exposure depending on other factors like meteorological data,
release heights, and plume characteristics.

For facilities reporting releases to TRI via a TRI Forrwhichis allowed for use by those facilities
releasing less thasD0Ib of the chemical report@dEPA assumed the maximum release value ofi500
for exposure modeling purposd®kl Form A reporters do not provideurce attributiorffugitive or

stack releases) $6PA modeled each facility associated with a Form A submittal &varece assuming

all 5001Ib of the reporting threshold was fugitive and once assuming alba8fCthe reporting threshold
was stackThere is no way to attribute a certain portion of the releases to each release type, so this
modeling approach repressra conservative estimate, in terms of total release, but may overestimate
exposure concentrations associated wébh release typka facility did not actually release all 509

via asinglereleasdype or even combined release type avoid thepotential double countingf

facility releasefor TRI Form A reporterswhen presenting potential exposures Efésented onlyhe
highest (more conservative) exposure concentrastimated for either dhe two release types for
purposes of evaluating potential risks to fenceline commun@ieen the exposure scenarios modeled,
this tended to result from the exposure scenario which assumed all 500 Ib of the release were fugitive
releases.
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3 HUMAN EXPOSURES

1,4-Dioxanei’ Human Exposures(Section3):
Key Points

EPA evaluated reasonably available information for occupatexgpasures to 1;dioxane present
as a byproductand general populatipmcluding PESSexposures to 1;dioxane present in the
environment

1 Occupational exposurésr workers and ONU#® 1,4dioxane present as a byproduct occy
during manufacturing, through use of commercial products, or in hydraulic fracturing
operations

1 General population exposures to-tljdxane occur when l-dioxane is present ipotential
drinking water sources @mbient aiy particularly in fenceline communities.

1 EPA considered the potential for increased exposures across PESS factors throughoy
exposure assessmeRESS categorigacorporated intahis supplemental exposure
assessment include

o Lifestage(including formulafed infant exposures)
o Occupational exposurémcluding highend exposure scenaripand
o Geograpl/site-specificfactors {.e.,fenceline community exposures)

3.1 Occupational Exposures

1,4-Dioxanei Occupational ExposuregSection3.1):
Key Points

EPA consideedthereasonably available informatidéa evaluateoccupational exposures.

1 EPAestimatedccupationaéxposures to 1;dioxanethroughair and skin.The Ageicy
estimatedoth hgh-endand central tendency exposures for occupational exposure scef
associated with each COU.

1 Exposure for most COUs was estimated based on monitoring-gat@OUs without
monitoring data, EPA appligdonte Carlo statistical modeling approaches to estimate
exposures.

The foll owing sections describe EPAOOGESapproach
involving industrial andcommercial products containing igdbxane as a byproduct. The asse<3E&
include textile dye, antifreeze, surface cleaner, dish soap, dishwasher detergent, institutional and
industrial laundries, paints and floor lacquer, PET byproducts, ethoxylation process byproducts, and
hydraulic fracturingFor a crosswalk linking COdto OES;, seeTable2-1. The remaining OEShave
occupational exposure assessments in Se2tbf oftheFinal Risk Evaluation for 14Dioxane(U.S.

EPA, 20203.

EPA distinguiskes betweeexposureso workersand exposures tONUs. Normally workers may
handlel,4-dioxaneand have direct contact with the chemisaich as operators, applicatoesy(,for
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paints, cleaners), and maintenance workeMUswork in the general vicinity of workers but do not
handlel,4-dioxaneand do not have direct contact witf#-dioxane, such as supervisors and managers

EPA evaluatedcute and chronimhalation exposures to workers and ONUs, and dermal exposures to
workers.The Agency did not assess dermal exposures to ONUs as EPA does not expect ONUs to have
routine dermal exposures in the course of their work.

The occupational exposure assessment for @@t comprises the followingomponents:

T

= =4

= =

Process Descriptiorof the COU, including the role of the chemical in the use; process vessels,
equipment, and tools used during @@U; and descriptions of the worker activities, including

an assessment for potential points of worker exposure.

Number of Sitesthat use the chemical for the givE®U.

Number of Workers and ONUspotentially exposed to the chemical for the gi@DU. Unless
mentioned otherwise in this report, the total number of workers and ONUs are number of
personnel per site per day. The details on estimation of the number of workers and ONUSs are
discussed below for ea€OU.

Central Tendencyand High-End Estimatesof Inhalation Exposure to workers and

occupational nou s e r s GeneBakAppraach andethodology for Environmental Releases
for a discussion of EPAOGs statistical analys
Dermal Exposureestimates for multiple scenarios, accounting for simultaneous absorption and
evaporation, and different protection factors of glove use.

Usersinclude adult workers<(16 years old) exposed to igibxane for 8hour exposure.

ONUs include adult workers16 years old) exposed to icdoxane indirectly by being in the

same work area of the building.

3.1.1 Approach and Methodology

EPA developed occupational exposure values representative of central tefad@dmpgrcentile, mean)
conditions andhigh-end(90th and99.2h percentiles)Additional explanation of central tendency and
high-end conditions are described in fieal Risk Evaluation for 1 Dioxane(U.S. EPA, 2020x

3.1.1.1 Process Description, Number of Sites, Number of Workergand ONUs

EPA performed a literature search to find descriptions of processes involvhaipkahe and

worker activities that could potentially result in occupational exposties literature search was
specific to thescope othis supplemendndis described in Sectioh.4. A summary of the data quality
evaluation results for the tdloxane occupational exposure sources are presenteel attachment
Systematic Review Supplemental Hata Quality Evaluationand Data Extraction Informatiofor
Environmental Release and Occupational Expogurs. EPA, 2024k

EPA used a variety of sources to supplement the data found through the Systematic Review

process. The additional sources included relevant NIOSH Health Hazard Evaluations, Generic
Scenarios, anBSDs These sources wesemetimes used to provigeocess descriptions of tikOUs

as well as estimates for the number of sitesramdber of workers. Because CDR data were not

available for theCOUsincluded in this occupational exposure assessment,UsBé data from the

Bureau of Labor Statistics (BLS) attttU.S.Census® St at i st(BUSBtoedtimateS Bus
the number of sites, workers, and ONUsdachOES. This approach involdehe identification of

relevant Standard Occupational Classification (SOC) codeswiiibiBLS data for the identified

NAICS codes for each OES. First, EPA identified the affected NAICS codes. Then, EPA reviewed
occupation descriptions to designate which SOC codes contained potentially exposedamorkers
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ONUs.The Agencyrefined the estimates by using U.S. Census BureauNets.EPA estimated the
percentage of workers using ddxane instead of other chemicals to calculate number of workers per
site.Finally, this data was separated by COU. Additional details on this approach can be found in
Appendix G.5 of thé=inal Risk Evaluation for 1 Dioxane(U.S. EPA, 2020 These estimates were
utilized in Monte Carlo modeling of environmental releases and occupational exposures.

3.1.1.2 Inhalation Exposures Approach and Methodology
EPA used inhalation monitoring data from literature sources having high or mddiarquality ratings
during data evaluation. EPA used modeling approaches to estimate potential inhalation exposures where
inhalation monitoring data were not available.

The Agencyreviewed workplace inhalation monitoring data collected by government agencies such as
OSHA and NIOSH, and monitoring data found in published literatiwgersonal exposure

monitoring data and area monitoring da@éntral tendency and higénd eposure values were

calculated from thenonitoring datgrovided in the sources depending on the size of the détaset

number of data points). Where discrete sampling points were not provided in the source and EPA was
unable to calculate central tendency and {agt valuesthe Agencyused values of central tendency
andhighe nd t hat were provided in the sour cad EPAOGSs
high-end estimates from inhalation monitoring data is further discusgkdkinal Risk Evaluation for
1,4-Dioxane(U.S. EPA, 2020x EPA used the following types of monitoring data ofdigxane from

various sources to estimate occupational inhalation exposure:

1 Personal sample monitoring data from directly applicable scenatggpersonal breathing
zone[PBZ]). This type of monitoring data was used for the textile dye, surface cleaner, dish
soap, paint and floor lacquer, PET byproduct, andethexylation process byprodudESs.

1 Personal sample monitoring data from potentially applicable or similar scergprdfically,
PBZ data fronthe dish soap OES was also used for the dishwasher detergent OES because these
OESs are expected to be similar.

EPA used the following models and modeling approaches to estimate occupational inhalation exposure
where no monitoring data were found:

1 Monte-Carlo statistical modeling approaches, which was used for the antifreeze, laundry
detergent, and hydraulic fracturing OEFRA developed these models for the purposes of this
assessmenthe models and the associated sources of data used in the modeling are described in
detail in AppendiesF.7, F.8, andF.9, respectively.

1 Additional modeling approaches, including the use of surrogate data and fundamental modeling
approaches for the spray polyurethane foam OHReiRinal Risk Evaluation for 1Dioxane
(U.S. EPA, 2020 Althoughthis OES is included in the scope of this supplement, EPA
evaluated occupational exposure estimates for this OES in the published risk evaluation and
these estimates remain unchangethis supplement.

1 EPA AP-42 Loading Model estimates vapor releases that occur when vapor is displaced by
liquid during container loading. It calculates a vapor generation rate (G) using the physio
chemical properties of the chemical.

1 EPA Mass Balance Inhalation Model estimaiesupational inhalation exposures assuming the
air immediately around the source of exposure behaves as-mixetl zoneThe Agencyused
the vapor generation rate (G), calculated using the EPA2ZPoading Model, in conjunction
with this model to develop estimates of inhalation exposure.
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1 Generic Model focCentral Tendency and Higlnd Inhalation Exposure to Total and Respirable
Particulates Not Otherwise Regulated (PN@R)mates occupational inhalation exposures to
particulates containing the chemical using OSHA PNOR data.

EPA did not utilize occupational exposure limits to estimate occupational inhalation exposures in this
assessment because sufficient monitoring data or modeling approaches were available for all OES.

The Agencythen used measured or modeled air concentrations to calculate exposure concentration
metrics essential for risk assessment. These exposures are preseftitedram® weighted averages

(TWAs) and used to calculate average daily concentrations (ADCéifetimde average daily

concentrations (LADCs). The ADC is used to estimate chroniccaaner risks and the LADC is used

to estimate chronic, cancer risks. These calculations required additional parameter inputs, such as years
of exposure, exposure duat and frequency, and lifetime years. $ggendixF.1for more

information about parameters and equations used to calculate acute and chronic exposures.

3.1.1.3 Dermal Exposures Approach and Methodology
EPA modeled dermal doses using BRA Dermal Exposure to Volatile Liquids Mod&his model
determines a dermal potential dose rate based on an assumed amount of liquid on skin during one
contact event per day and the steathte fractional absorption f@r4-dioxane.The amount of liquid on
the skin is adjusted by the weight fractiorlgd-dioxanein the liquid to which the worker is exposed.
This is the same approach that EPA used irrthal Risk Evaluation for 1 Dioxane(U.S. EPA,
20209.

3.1.1.4 Engineering Controls and Personal Protective Equipment
EPAG occupational exposure estimates do not assume the use of engineering controls or PPE.
Additionally, as discussed in SectibrR.], the risk estimates are based on exposore®rkersin the
absence oPPE such as gloves or respirators. Reasormfaljable monitoring data or information on
effectiveness of engineering control and PPE for redumicgpationakéxposureso 1,4-dioxaneduring
the assesseddESs were not available. This section presents a general discussion on engineering controls
and PPE for informative purposes only.

OSHA recommends employers utilize the hierarchy of controls for reducing or removing hazardous
exposures. The most effective controls are elimination, substitution, or engineering controls. Respirators,
and any othepersonal protective equipmeflRPE, are the last means of worker protection in the

hierarchy of controls and should only be considered when process design and engineering controls
cannot reduce workplace exposure to acceptable l&@@8sHA6s Respiratory Prote
CFR 1910.134) mvides a summary of respirator types by their assigned protection factor (APF). OSHA
defines the APF to mean the workplace level of respiratory protection that a respirator or class of
respirators is expected to provide to employees when the employememttea continuing, effective
respiratory protection program according to the requirements of the OSHA Respiratory Protection
Standard. Exposure limits, respirator requirements, worker respirator use rates, and a table of APFs for
different types of respators are provided in tH020 RE(U.S. EPA, 2020c

OSHAOGs hand protect i on stdedhmtendpoyedmustselect addré&quire 9 1 0. 1 3
employees to use appropriate hand protection \ehgoloyees arexpected to be exposed to hazards

such as those from skin absorption of harmful substances; severe cuts or lacerations; severe abrasions;
punctures; chemical burns; thermal burns; and harmful temperature extremes. Dermal protection
selection provisions aggrovided in § 1910.138(b) and require that appropriate hand protection is

selected based on the performance characteristics of the hand protection relative to the task(s) t
performed, conditions present, duration of use, and the hazards to which employees will be exposed.
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Unlike respiratory protection, OSHA standards do not provide protection factors (PFs) associated with
various hand protectienDataregardingthe frequency of effective glove useindustrialand
commerciakettingds limited. Althoughthere are no regulatory standards containing dermal protection
factors, he European Center for Ecotoxicity and Toxicology of Chemicals (ECETOC) targeted risk
assessment (TRA) tooicludesfixed, assigned protection factaqual to 5, 10, or 2fdr various

dermal protegdn strategies. These are discussed in Appelr@=and further explained in the 2020 RE
(U.S. EPA, 2020c

3.1.2 Occupational Exposure Estimates
In this section, EPArovides a summary tfie exposure estimates for each OES, including estimates
for number of workers and ONUSs, inhalation exposures, and dermal expésurrdse crosswalk
linking COUsto OES;, seeTable2-1. Note that EPA assessed dermal exposures for alb@il$ the
same methodology, which is described at the end of this section

3.1.2.1 Summary of Inhalation Exposure Assessment
EPA estimated central tendency and hégid occupational inhalation exposures using various methods
and information sourcésincluding OSHA data, NIOSH health hazard evaluation data, and GSs and
ESDs with Monte Carlo modeling. EPA estimated inhalation exposureb@s WA values for the
COUs included in this supplement geable2-1. Using the estimated central tendency and Heigth
inhalation exposures with the estimated exposure frequency, EPA then calculated the cancer and non
cancer exposures using the calculatidescribed in Appendik.1

A summary of theccupational inhalation exposures is preseitguale ApxF-34. EPA used

monitoring data to estimate occupational inhalation exposures to workers for the textile dye, surface
cleaner, dish soap, dishwasher detergent, paint and floor lacquer, PET byproduct, and ethoxylation
byproduct conditions of us&his monitoring data was found to be relevant to these scenarios and based
on medium to high data quality. However, several of the scenarios had a low number of samples and
may have preceded changes in current industry practices. Additionally, suffepesgentation of the

entire industry is uncertain due to the limited number of df@sthe remaining conditions of use

included in this supplement, which are antifreeze, laundry detergent, and hydraulic fracturing, EPA did
not findreasonably availabl@onitoring data and estimated worker inhalation exposure using GSs and
ESDs with Monte Carlo modelin@he applied models are directly relevant to these conditions of use,
but the underlying distributions may not sufficiently capture variability across entire industry sectors.
For both measured and modeled data, the degmesrtaintyto which these data represent the true
distribution of exposure and the potential evarunderestimation of exposure is unknown.

Monitoring dataand modeling approachegre not availabléo estimate occupational inhalation
exposures foONUs. The ONU exposures are anticipated to be lower than worker exposures since
ONUs do not typically directly handle the chemical.

The PET byproduct and textile dyes conditions of use had the highest central tendency-and high
worker inhalation exposure values, respectively. For PET byproduct, worker inhalation exposures were
estimated using OSHA monitoring data, which resultezkintral tendency exposure of 4.7 mgand
high-end exposure of 47 mgfnFor textile dyes, worker inhalation exposures were also estimated using
OSHA monitoring data, which resulted in central tendency exposure of 0.066 argirhighend

exposure of 74 gfm®.

The monitoring data sources and GSs and ESDs used to estimate occupational inhalation exposures all
had overall data qualityeterminatios of either medium or higihe basis fodeterminingoveralldata
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quality is describeth this sectionln summary, each source is evaluated on multiple metrics based on
defined criteria. The individual metrictiags are used to obtain an overall study rating. All metrics have
an equal weight in determining the overall study rating. The resulting values are converteddmin
dataquality determination ofihigh,0 imediumg flow,0 ficritically deficientd or finot rated/not

applicabled For more details on this process, see Se&iointhe 2021 Draft Systematic Review

Protocol

This section also includes information on Weight of scientificevidence conclusions for these
estimates, and a summary of the strengths, limitations, assumptions, and key sources of uncertainty for
these estimates.

3.1.2.2 Summary of Dermal ExposuresAssessment
Table3-1 presents the estimated dermal absorbed dose for workers in V@E&Fhe dose estimates
assume ondermalexposure event (applied dose) per workday andaghyatoximately 78 or 8fercent
of the applied dose is absorbed through the skin (dependwgetherthe OESis industrial or
commercial). The exposure estimates are provided for@e&e&hwhere theDESar e fAbi nnedo b
characteristics known to effect dermal exposure such as the maximum weight fractiodiokare
that could be present in th@ES open or closed system use of-tlidxane, and large or smatale
use.For a more detailed description®fP A6 s der mal as s exlshmeae Appengdp r o a c
F.3

As shown in théable3-1, the calculatedlermalabsorbed doskr workersis lower in comparison to
those presented in tiecember 202€inal Risk Evaluation for 1 Dioxane(U.S. EPA, 2020x This is
due to the relatively lower concentrations of-didxane found for th©ESincluded in this supplement
than for those included in the 20RE. As noted previouslyEPA did not assess dermal exposures to
ONUs aghe Agencydoes not expect ONUs to have routine dermal exposures in the course of their
work. Depending on th@ES ONUs may have incidental dermal exposures due to surface
contamination. However, data.§.,frequency and amount of liquid on the skin after contact) were not
identified to assess this exposure.

Table 3-1. Estimated Dermal Absorbed Dose (mg/day) for Workers in Various Conditions of Use

_ Exposures Due to Glove Permeation/Chemic:
Weight Breakthrough (mg/day)
. . Fraction | No Gloves - - -
OES Bin Use Setting (Max (PF=1) | Protective | Protective |Protective Gloves
Y derm) Gloves Gloves (Industrial Uses
(PF =5) (PF =10) Only, PF = 20)
Textledye | 7 |Industrialand |4 . 7 E10.003 (CT) [0.001(CT) (3. OET 4 (1. 5ET 4 (
Commercial 0.009 (HE) [0.002 (HE) |0.001(HE) |4. 5ET1 4 (
Antifreeze 8 |Commercial 8 . 6 E10.055(CT) |0.011(CT) |0.006 (CT) [N/A
0.165 (HE) |0.033 (HE) |0.017 (HE)
Surface 9 |Commercial 7.6E05 |0.049(CT) |0.010(CT) |0.006(CT) N/A
cleaner 0.146(HE) |0.029(HE) |0.015(HE)
Dish soap 10 |Commercial 2. 0410131 (CT) |0.026 (CT) |0.013(CT) N/A
0.393 (HE) [0.079 (HE) |0.039 (HE)
Dishwasher | 11 |Commercial 58ET1 0/0.037(CT) |0.007 (CT) |0.004(CT) N/A
detergent 0.111(HE) |0.02(HE) |0.011 (HE)
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) Exposures Due to Glove Permeation/Chemicg
Weight Breakthrough (mg/day)
: ] Fraction | No Gloves - - -
OES Bin | Use Setting (Max | (PF=1) | Protective | Protective |Protective Gloves
Y derm) Gloves Gloves (Industrial Uses
(PF =5) (PF =10) Only, PF = 20)
Laundry 12 |Industrial and 13ET4|0.083(CT) |0.007(CT) |0.008(CT) 0.097(CT)
detergent Commercial 0.248(HE) |0.060(HE) |0.025(HE) 0.290(HE)
(industrial
and
institutiona)
Paintand 13 |Industrial and 3. 0 E10.019 (CT) |0.004 (CT) |0.002 (CT) |0.001(CT)
floor lacquer Commercial 0.058 (HE) |0.012 (HE) |0.006 (HE) |0.003 (HE)
Polyethylene| 14 |Industrial 0.03 17.6 (CT) |3.52(CT) 1.76 (CT) 0.88 (CT)
terephthalate 52.8 (HE) [10.6 (HE) |5.28 (HE) 2.64 (HE)
(PET)
byproduct
Ethoxylation| 15 |Industrial 1. 4E10.827(CT) |0.165(CT) |0.083 (CT) |0.041 (CT)
process 2.48 (HE) |0.496 (HE) |0.248 (HE) |0.124 (HE)
byproduct
Hydraulic 16 |Industrial and 0.05 32.1(CT) |6.41(CT) |3.21(CT) 1.60 (CT)
fracturing Commercial 96.2 (HE) |19.2 (HE) |9.62 (HE) 4.81 (HE)
CT = central tendency; HE = higind; PF = protection factor

3.1.2.3 Weight of Scientific Evidence Conclusion$or Occupational Exposure
Information

Table3-2pr ovi des a s u mmaveight obscientfividerececamalusianafor its
occupational exposure estimates for each of the assessedl@s8.determinations are OEfecific.
For a description of overall confidence in all inhalation exposures, see S2&ibri For an
explanation of E Reghtof sgientdicgvelemeercanclusion, seehSectiha.l.2
Factors that increase and decrease the strength wetbkt of scientificevidenceare listed in
Table_ApxC-5.

Due to a lack of dat&PA was not able to estimate ONU inhalation exposure from monitoring data or
models,soa qualitative assessment of potential ONU exposures was Biadkarly, EPA did not

assess dermal exposures to ONUs as EPA does not expect ONUs to have routine dermal exposures in
the course of their work. Depending on the COU, ONUs may have incidental dermal exposures due to
surface contamination. However, dagag(,frequency and amount of liquid on the skin after contact)

were not identified to assess this exposhneally, due to the absence of dermal monitoring data, these
columns were omitted fromable3-2.

Pagel050f 570



Table 3-2. Summary of the Weight of Scientific Evidencefor Occupational Exposure Estimates by OES

Inhalation Exposure

Dermal Exposure

L , Weight of . Weight of Scientific
OES Monitoring Monte Carlo Modeling Scientific Evidence Modeling Evidence
. Data
Worker i D_ata DRI Qua;llty Worker Quality Worker Worker® Worker
Points Rating g
Rating
Textile dye \% 14 H X N/A Moderate \% Moderate
Antifreeze X N/A N/A \Y, H Moderate \Y Moderate
Surfacecleaner Vv 49 H X N/A Moderate to Robust \Y Moderate
Dish soap X N/A N/A Vv N/A Moderate Vv Moderate
Dishwashedetergent X N/A N/A \% N/A Moderate \% Moderate
Laundrydetergent X N/A N/A \% M Moderate \% Moderate
(industrial and
institutional)
Paint andloor lacquer Vv 17 H X N/A Moderate \Y Moderate
PET byproduct \Y, 62 H X N/A Moderateto Robust Vv Moderate
Ethoxylationprocess \Y, 9 H X N/A Moderate Vv Moderate
byproduct
Hydraulicfracturing X N/A N/A \Y M Moderate to Robust \% Moderate

aData quality ratings of modeling approaches are based on the GS/ESD that was used in tandem with Monte Carlo modeling.
bData quality ratings are not applicable for the demmadleling approach becausis modeling was conducted with an alreatveloped EPA model.
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3.1.2.4 Strengths, Limitations, Assumptions, and Key Sources of Uncertainty for the
Occupational Exposure Assessment

3.1.2.4.1 Number of Workers
There are uncertainties surrounding the estimated number of workers potentially exposefioiahg!
First, BLS employment data for each industry/occupation combination are only available-aéither3
5-digit NAICS level, rather thaat thefull 6-digit NAICS level. This lack opecificity could result in
an overestimate of the number of exposed workers if sedigitdNAICS are included in the less
granular BLS estimates but are not likely to ligkdioxanefor the assessed applications. EPA
addessed this issue by refining the OES esti mate
SUSB. However, this approach assumes that the distribution of occupation types (SOC codes) in each 6
digit NAICS is equal to the distribution of occupationaggat the parent@igit NAICS level. If the
distribution of workers in occupations with4-dioxaneexposure differs from the overall distribution of
workers in each NAICS, then this approach will result in inaccuracy. The effects of this uncertainty on
the number of worker estimates are unknown, as the uncertainties may result in either over or
underestimation of the estimates depending on the actual distribution.

S e c o nd ,detdfnitnatirss oihdustries (represented by NAICS codes) and occupations (represented
by SOC codeghatare associated withti@ESa s sessed i n this report are
understanding of how,4-dioxaneis used in each industryhe designations of which industries and
occupations have potential exposures matter of professional judgement; therefore, the possibility

exists for the erroneous inclusion or exclusiosahe industriesr occupationsThis mayresult in

inaccuracy but would be unlikely to systematigc&ither overestimate or underestimate the count of
exposed workers.

3.1.2.4.2 Analysis of Inhalation Exposure Monitoring Data
The principal limitation of the monitoring data is the uncertainty in the representativeness of the data
due to some scenarios having limited exposure monitoring data in litefEereforethe assessed
exposure levelmay notbe representative of worker expossiaeross all worker activities or the
industry as a whole. For example, monitoring dagg not sufficiently captureactivitiesthatoccurwith
differentfrequency or duratiothancommonproduction tasksAdditionally, monitoring datanay only
beavailable fora limited number of site®ifferences in work practices and engineering controls across
sites can introduce variability and limit the representativeness of monitoring data. Age of the monitoring
data can also introduce uncertainty due to differences in workplace practices ipnieatjused at the
time the monitoring data were collected compdodthose currently in use. Therefore, older data may
overestimate or underestimate exposures, depending on these differences. The effects of these
uncertainties on the occupational exposure assessment are unknown, as the uncertainties may result in
either overestimation or underestimation of exposures depending on the actual distributien of 1,4
dioxane air concentrations and the variability of workcgices among different sites.

In some scenarios where monitoring data were available, EPA did not find sufficient data to determine
complete statistical distributions. Ideally, EPA will preserth®hd 9%h percentiles for each exposed
population. In the absence of percentile data for monitoring, the mean or midpoint of the range may
serve as a substitute for thettbPercentile of the actual distributions. Similarly, the highest value of a
range may serve as a substitute for thia PBrcentile of the actual distribution. However,she

substitutes are uncertain. The effects of these substitutes on the occupational exposure assessment are
unknown, as the substitutes may result in either overestimation or underestimation of exposures
depending on the actual distribution.
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3.1.2.4.3 Modeled Inhalation Exposures
EPA addressed variability in inhalation models by identifying key model parameters to apply a
statistical distribution that mathematically de
distributions for parameters using documented statistazéations where available. Where the
statistical variation was unknown, assumptions were made to estimate the parameter distribution using
available literature data, such as GSs and ESDs. However, there is uncertainty as to the
representativeness of tparametedistributionswith respect to the modeled scenario because the data
are often not specific to sites thege 1,4dioxane.In generalthe effects of theeuncertainties on the
exposure estimates are unknown, as the uncertainties may result in eitkestimationor
underestimation on exposures depending on the actual distributions of each of the model input
parameters.

Thereis also uncertaily as towhether the model equations generate results that represent actual
workplace air concentrations. Some actibgsed modeling does not account for exposures from other
activities.Another uncertainty is lack of consideration for engineering controls. The GS/ESDs assume
that all activities occur without any engineering controls or PPE, and in arsggtem environment

where vapor and particulates freely escape and can be inhated! Axposures may be less than
estimated deending on engineering control and PPE use.

A strength of the assessmesithe variation of the modelput parameters as opposed to using a single
static value. This parameter variation increases the likelihood of true occupational inhalation exposures
falling within the range of modeled estimates. An additional strength is that all data that EPA used to
inform the modeling parameter distributidmsve overall data qualityetermination®f either high or
mediumfromEPAGS systematic review process.

3.1.2.4.4 Modeled Dermal Exposures
TheDermal Exposure to Volatile Liquids Model used to estimate dermal exposuredimiahe in
occupational settings assumes a fixed fractional absorption of the applied dose; however, fractional
absorption may be dependent on skin loading conditions. Thelratso assumes a single exposure
event per day based on existing framework of the EPA/OPRan2 Dermal Exposure to Liquids
Model. Themodeldoes not address variability in exposure duration and frequenaycertainty with
respect to thevorkerexposure activities andesultingexposed skin surface area which could result in
misestimationAdditionally, dermal exposures to icgdoxane vapor that may penetrate clothing and the
potential for associated direct skin contact with clothing saturated wkthidxdne vapor are not
included in quantifying exposures, which could potentially resulhoterestimates of exposures.
Althoughthe extent of aturation of clothing with 14lioxane vapors is unknowit,is expected to be
minimal given the low concerations of 1,4dioxane informulations for the conditions of use in the
supplement

A strength of the dermal assessment approach is the estimatwmdifferent fractional absorption
valuesspecific toindustrial and commercial use settiragpposed t@pplyingonly one fractional
absorptionvalue to both settings.

3.2 General Population Exposures
General population exposures occur whehdioxaneis released into the environment and the media is
then a pathway for exposuiéigure3-1 below provides a graphic representation of where and in which
medial,4-dioxanemaybe found and the corresponding route of exposure.
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1,4-Dioxanei General Population ExposuregSection3.2):
Key Points

1 EPA estimated oral and inhalation exposures to the concentrationscidAase in drinking
waterand airestimatedn Section2.3using equations and exposure factors described in
AppendixG.1land Appendix].2

1 EPAestimatedyeneral population exposures to-tljdxane in ailand watemwith a particular
focus on populations that may be highly exposed

O Fenceline communitie§.or exposures through air, EPA considered potential
exposures for communities within kfh of a release sit&or drinking water, EPA
considered potential exposures for communities relying on drinking w@itected
downstream of release sites.

O Lifestage. For drinking water,HA evaluated lifestagspecificexposuregor adults,
formulafedinfants, and childrerfzor air exposures, the impacts of lifestage
differences were not able to be adequately quantified and so the air concentratic
used for all lifestages

O High-end exposure estimates. EPA evaluated expobasesl omigh-endexposure
scenarios€.g.,air exposurefcludea range of modeled concentration predictions
[low-end, central tendency, and highd), althoughonly high-end model predictions
of air concentrationare presentenh this sectioi

I H A/m/t:ie/mt‘Air Landfills
‘ inhalation (Industrial or

_ Muncipal) Wastewater D\rﬂllnkmg
TR Patemeratat e e = o, r e Facility ater

==
"""""""" Treatment [:‘__]H__j

-

L
Water

Rotion

Oral, Dermal

Groundwater l\

Figure 3-1. Potential Human Exposure Pathways td,4-Dioxanefor the General Populatior?

@ The diagranpresents the media (white text boxes) and routes of exposure (italics for oral, inhalation, or dermal)
for the general population. Sources of drinking water from surface or water pipes is depicted with grey arrows.
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3.2.1 Approach and Methodology
EPA usednodeledconcentrations of 1;dioxane in air, surface watemnd groundwategstimatedn
Section2.3to estimate acute and chronic general population expahatesould result from contact
with environmental medid hese acute and chronic exposure estimates are used to evaluate cancer and
noncancer risk described in SectibnTo estimate oral exposures to-txane in drinking water
(including groundwater used as drinking water), EPA used equations and exposure factors described in
AppendixG.1L To estimate inhalation exposures from-didxane in air, EPA used equations and
exposure factors described in Appendi& Longer exposure durations would result in greater
inhalation exposure. Individuals exposed through air over a full lifetime (78 years) couleXpageires
approximately 2.36 times greater than those calculated for 33 years of exjdiserepossible,
available monitored data within these environmental media were upeavide context fomodeled
results

To estimate potential acute and chronic exposures through drinking water EPA calculated Acute Dose
Rates (ADR) and Average Daily Doses (ADD) for adults, formigal infants, and children. To estimate
lifetime exposureshrough drinking waterEPA calculated a Lifetime Average Daily Dose (LADD)
based omean drinking water ingestion rates 088ryear$® of exposure starting from birth or 33 years
of exposure as an adult, averaged over-ge&8 lifetime.Longer exposure durations or higher drinking
water ingestion rates would result in greater exposure. Individuals exjposagdh drinking wateover

a full lifetime (78 years) could hawxposure approximateB/26 times greater thamose calculated for
33 years okxposureLifetime cancer risk estimates based oth3fercentile drinking water ingestion
rates could result in-8 times higher exposures and risks than those based on mean ingestion rates,
depending on the age groups expostEsdribed in Appendi%.2.5.41.3. Assumptions about drinking
water intake and body weight for each age group were based on informatiofEkptseire Factors
Handbook EPA calculated Bs, ADDs, and LADDs based dhedrinking water concentrations
estimatedunder a range of conditions in Sect®3.1.3 Details of these calculations are presented in
Appendix land1,4-DioxaneSupplementainformationFile: Drinking Water Exposure and Risk
Estimates for 14ioxane Release to Surface Water frimaividual Facilities(U.S. EPA, 2024hn

To estimate potential acute and chronic exposures through air, EPA calé&Ddadd ADG based on
modeled air concentrations described in SeQi@1BTo estimate potential lifetime exposures, EPA
calculated LADG based on 33 years of exposuviethods adequate to quantify the impact of lifestage
differences on 14lioxane exposure are not available (Seetion4.3) and air concentration is used as
the exposure metric for all lifestages per EPA guiddbc8. EPA, 201219941). Specific equations,
inputs and assumptions are described in det&ippendix 0.2

3.2.2 Drinking Water Exposure Assessment
EPA assesseagkeneral populatiodrinking water exposures that could result from surface water or
groundwater used as drinking water. Exposures estimates presented below are based on surface water
concentrationsnodeledn Section2.3.1or groundwater concentrationgdeled in $ction2.3.2
Exposure estimates presented throughout this section focus on adults and-fedmifiants because
these are lifestages with the greatest drinking water intake relative to body weights and therefore the
greatest potential exposures.

I Thirty-threeyears ighe 95th percentile residential occupancy pe(ldds. EPAExposure Factors Handboo&hapter 16,
Table 165).
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3.2.2.1 Surface Water ExposureAssessmet
EPA evaluated@cute, chronic, and lifetimgeneral populatigrexposures to 1;dioxane that may be
present in drinking watdrased ormodeledsurfacewater concentrationsstimatedn Section2.3.1 For
drinking water exposures in this assessment, EleAsedon exposures ifenceline communities
defined in this context amembers of the general populatiwho rely ondrinking waterfrom water
bodiesreceiving 1,4dioxane releasdsom any industrial oDTD source

Drinking water exposuresere evaluatedsinga series of parallel analyses that provide information
about the individuatontributions of specific COUs as well as information about aggregate exposures
that could result from multiple sources releasing to the same water body.

3.2.2.1.1 Exposures fromIndividual Facility Releases
To evaluate the individual contributions of releases associated with specific industrial and commercial
COUsto general population exposuy&A calculatedADRs, ADDs and LADDsbased ormodeled
water concentrationsstimatedn Section2.3.1.3.1(Table3-3). A total of 125 release scenarios were
evaluated based on water concentratestsnatedor annual releases that occur over a single day (a
peak exposure scenari@yver30 daysof releasepr over250to 365daysof releaseExposure estimates
are presented for both adults and forrdeld infants because these are lifestages with greatest drinking
water intake relative tbody weightsand therefore greatest exposu®BRs based on a single day
release scenario range fréh®x10 8 to 3,730mg/kg for adults an@.1x10 ’ to 1.3x10* mg/kgfor
infants. ADDsrange froml.1x10 ! to 0.5 mg/kg/dayfor adults an®.7x10 *to 1.3 mg/kg/dayfor
infantsand are not influenced by the days of releagdDS range fromd.2x10 12 to 0.2 mg/kg/day for
adultsexposed for 33 yeaend3.5x10 = to 1.6x10 ? mg/kg/dayfor infantsexposed for 1 year
Completeexposurecalculationsare available ii,4-DioxaneSupplementainformationFile: Drinking
Water Exposure and Risk Estimates forDjdxane Release to Surface Water from Individual Facilities
(U.S. EPA, 2024h
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Table 3-3. Adult and Infant Exposures Estimated from Facility -Specific Releases

No. of ADR (mg/kg-day) ADD (mg/kg-day) LADD (mg/kg-day)
OES Releases| Age Group® Min Mean Max Min Mean Max Min Mean Max
Modeled Exposureé® | Exposure? Exposure® | Exposure® | Exposure’ | Exposure® | Exposure® | Exposure’ | Exposure®
Adult (21+ 6.038 07 2.6(EO01 3.8F02 4.51H 10 1448 02 2.21H01 1.916 10 6.08H 03 9.36H 02
Disposal 25 yeas)
P Infant (birth to |2.11H 06 9.11E01 1.34E03 1.15H 09 3.678 02 5.65H 01 1.488 11 4,718 04 7.258 03
<lyeal
Adult (21+ 2.178 07 1.04e02 8.31E02 9.06H 11 3.66H 02 2.936 01 3.836 11 1.55H 02 1.248 01
Ethoxylation 8 yeas)
byproduct Infant (birth to | 7.61H 07 3.65E02 2.92203 2.316 10 9.36H 02 7.488 01 2.976 12 1.20H 03 9.59H 03
<lyeal
Functional Adult (21+ 5.596 04 6.336 02 1.926H 01 1.83H 07 2.238 05 6.66H 05 7.736 08 9.448 06 2.826H 05
; yeas)
gyﬁzr%pe” 6 Infant (birth to |1.968 03 |2.22801 |6.75801 | 4.67807 | 570505 | 1.70804 | 599809 | 7.30807 | 2.18H 06
<lyeal
Adult (21+ 435 04 3.2802 3.7F03 1.32H 07 3.05H 02 2.236 01 5596 08 1.29H 02 9.43H 02
Import and 12 yeas)
repackaging Infant (birth to |1.53E 03 1.15:03 1.31E04 3.38E 07 7.788 02 569601 | 433E09 9.97H 04 7.30B 03
<lyeal
Adult (21+ 5348 07 2.05=01 1.87E02 1.978 10 1.36H 02 1.55H 01 83111 5.778 03 6.56H 02
. yeas)
Industrialuses) 31 Infant (birth to |1.876 06 | 7.21E01 6.55£02 5026 10 | 3.48H02 | 3.96H01 | 644812 | 447604 | 5.08H 03
<lyeal
Adult (21+ 3.35:00 6.56201 1.2802 2.50H 03 4.91H 02 9.57H 02 1.06H 03 2.086H 02 4.05H 02
yeas)
Manufacture | 2 Infant (birth to | 1.17201 | 2.30E02 4.4602 640603 | 125601 | 244601 | 820605 | 161603 | 3.13603
<lyeal
Adult (21+ 111504 |4.3Z&01 6.67E02 3.86E 08 3.166 02 5.006 01 1.636 08 1.34H 02 2.116 01
PET 19 yeas)
manufacturing Infant (birth to |3.916H 04 1.52E02 2.34E03 9.86E 08 8.07H 02 1.28E00 1.268 09 1.04H 03 1.648 02
<lyeal
Adult (21+ 8.26H 02 8.26H 02 8.26H 02 6.18H 05 6.18H 05 6.18H 05 2.628 05 2.628 05 2.6268 05
Printinginks |1 yeas)
9 Infant (birth to |2.90H 01 2.906 01 2.906 01 1.58H 04 1.58H 04 1.58H 04 2.02E 06 2.026 06 2.026 06
<lyeal
Adult (21+ 6.04E 08 7.368 02 7.196 01 1.076 11 4568 05 4126 04 4518 12 1.936 05 1.748 04
Remediation |16 yeas)
Infant (birth to |2.12H 07 2.586 01 2.52E00 2.726 11 1.178 04 1.05H 03 3.496 13 1.49H 06 1.356 05
<lyeal
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No. of ADR (mg/kg-day) ADD (mg/kg-day) LADD (mg/kg-day)
OES Releases| Age Group® Min
Modeled

Mean Max Min Mean Max Min Mean Max
Exposure® | Exposure! | Exposure® | Exposure® | Exposure! | Exposure€® | Exposure¢’ | Exposure¢’ | Exposure
Adult (21+ 6.04H08 [5.84£01 3.7F03 1.07H11 1.78H 02 50001 [451H12 7.55H 03 2.11HO1
yeas)
Infant (birth to |2.126 07 |2.05E02 1.31E04 272611 |4.56H 02 1.2800 3.498 13 |5.84H04 1.64E 02
<lyeal
Adult LADDs presented in this tablgere used to deriveancer risk estimatgwesented ifrigure5-1, Figure5-2 andFigure5-4.

ADRs presented here are calculated based on the assumption that all releases could occur on a single day of releasergpsa&reqpADDs and LADDs are based on
chronic exposure scenarios and thie same regardless of the number of days of release asdukiddk for adults are based on 33 years of exposure averaged ovgear?
lifetime while LADDs for infantspecific exposures are based on 1 year of exposure averaged owaraa lif¢time.LADDs for a full 78 years of exposure would be 2.26
times greater than those presented heimilarly, LADDsbased on 95th percentile drinking water ingestion rates would be approximdtéin&s greater,epending on the
age groups exposed.

2Adult refers to 21+ yearsnfant refers to birth to <1 year

b These COUs are added since the 2020 RE was puhlished

°The minimum exposure for the identified days of release, within the identified OES, dhd foentified age group.

4The arithmetic mean exposure for the identified days of release, within the identified OES, and for the identified age group.

€The maximum exposure for the identified days of release, within the identified OES, and for the identified age group.

Overall 120
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3.2.2.1.2 Exposures fromDown-the-Drain Releases
To evaluate the potential contribution®TD consumer and commercialeases, EPA calculated
ADRs, ADDs and LADDs usingnodeledwater concentrationsstimatedas describedh Section
2.3.1.2.2 Water concentrations of tdloxane resulting frordTD releases depend on the population
size (an indicator of the number of people using products and contributing the releases) and the stream
flows of the receivingvater bodiesTherefore, headult LADDspresentedn Table3-4 are based on the
range of water concentratioastimatedy MonteCarlo modeling oDTD release scenarios with
varying population size and stredilows. LADDs range froml.7x10 1°to 5.1x10 4 mg/kg/day for
adults exposed for 33 yeafSomplete exposercalculations for adults and infants are available4n
DioxaneSupplementdinformationFile: Drinking Water Exposure and Risk Estimates forDidxane
Surface Water Concentrations Predicted with Probabilistic Moddling. EPA, 2024

Table 3-4. Adult LADD Exposures(mg/kg/day) Estimated from 1,4-DioxaneDTD Consumer and
Commercial Releases

Population Contributing to D TD Releases
100 1,000 10,000 100,000 1,000,000
100 5.1608 5.1607 5.1E 06 5.1E 05 5.16 04
300 1.76 08 1.76 07 1.7 06 1.76 05 1.76 04
Stream Flow 1,000 5.1 09 5.16 08 5.1H 07 5.1 06 5.18 05
(cfs) 3,000 1.76 09 1.76 08 1.76 07 1.76 06 1.76 05
10,000 5.16 10 5.16 09 5.18 08 5.18 07 5.18 06
30,000 1.76 10 1.76 09 1.765 08 1.765 07 1.75 06
The frequencies of each of these combinations of population size and flow rate are piesele®d 1. Adult LADDs
presented in this tablgere used to derive tlwmancer risk estimatggesented il able5-4.
LADDs for adults are based on 33 years of exposure averaged ovgeard8etime LADDs for a full 78 years of
exposure would be 2.26 times greater than those presente&ineitarly, LADDs based on 95th percentile drinking
water ingestion rates would be approximatély 8mes greater, depending on the age groups exposed.

3.2.2.1.3 Disposal ofHydraulic Fracturing Produced Waters
To evaluate the potential contributiondi$posal of hydraulic fracturing produced waters to surface
water, EPA calculated BRs, ADDs, and LADDs using the rangernbdeledwater concentrations
estimatedn Section2.3.1.2.2 (Table3-5). Water concentrations of tdloxane resulting from disposal
of hydraulic fracturing produced water vary substantially across sitegsiineatecexposures
presented here are based on the range of water concentestiomstecy MonteCarlo modeling for a
range of sitespecific factorsFor this range oéstimatedsurface water concentrations, Adult ADRs
range froml.12x10 ** to 6.32x10 ® mg/kgand alult ADDs range fron8.07x10 *°to 1.73x10'3
mg/kg/day. LADDs for adults exposed over 33 years overyeas lifetime range from.3x10 ° to
7.3x10 * mg/kg/day.Complete exposure calculations for adults and infants are availabkDioxane
SupplementanformationFile: Drinking Water Exposure and Risk Estimates forDRidxane Surface
Water Concentrations Predicted with Probabilistic ModelfbgS. EPA, 2029
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Table 3-5. Adult ADR, ADD , and LADD ExposuresEstimated from Disposal of Hydraulic
Fracturing Produced Waters to Surface Water

Monte Carlo Adult Acute Dose Adult Average Daily Adult Lifetime Average
Distribution Rate (mg/kg) Dose (mg/kg/day) Daily Dose (mg/kdday)
Maximum 6.32H 03 1.7F 103 7.3E 04
99th percentile 3.04E 04 8.3(E 105 3.5E 105
95th percentile 1.1CE 04 3.0CE 105 1.3E 105
Median 2.78 106 7.5% 107 3.2E 107
5th percentile 1.36E 108 3.7E 109 1.6E 109
Minimum 1.1 114 3.0/E 15 1.3 15
Adult LADDs presented in this tableere used to deriveancer risk estimates presented able5-5. LADDs for adults
are based on 33 years of exposure averaged oveyear $ifetime;LADDs for a full 78 years of exposure would be 2.2
times greater than those presented here. Similarly, LADDs based on 95th percentile drinking water ingestion rate
be approximatelyi4 times greater, depending on the age groups exposed.

3.2.2.1.4 AggregateExposure
Because multiple sources of idibxane contribute to surface water and drinking water concentrations,
EPA alsoestimatedchggregate general population exposures that could becausef combined
contributions fronDTD release$rom consumer and commercial usepstream sourceand direct and
indirect industrial releases. EPA calculated ADRs, ADDs, and LABd3&d omodeledwater
concentrationgstimatedn Section2.3.1.3.4using probabilistic modeling of aggregate-tljdxane
surface wateconcentrationshat could occudownstream of industrial release siteseach COU.
LADDs estimatedor adults exposed over 33 years over &&8r lifetime range fror8.07x10 ’ to
7.4x10 3 mg/kg/daybased on median modeled water concentrations across (dJ@hle3-6). Complete
exposure calculations for adults and infants are availaldlgliBioxaneSupplementdihformationFile:
Drinking Water Exposure and Risk Estimates forDidxane Surfac&Vater Concentrations Predicted
with Probabilistic ModelingU.S. EPA, 2029i

Table 3-6. Adult LADD Exposures from Aggregate Concentration&stimated Downstream of
Release Sitesl ficluding DTD Releases andirect and I ndirect I ndustrial Releases)

LADDs (mg/kg/day) Based on Modeled Aggregate Surface Water Concentrations
Estimated across the Monte Carlo Distribution

cou 5th 25th 75th 95th
: t .
Min Percentile | Percentile Median Percentile | Percentile Max
Disposal 6.0EM09 | 6.3ET17 | 163ET6 | 393E 106 | 9.0(E106 | 9.64E 104 | 1.2IE 01

Ethoxylation 717109 | 3.7E107 | 1.0 106 | 1.9E 106 | 811E 106 | 198E 102 | 2.6E& 01
byproduct

Functional 56E 110 | 258& 107 | 49%€ 107 | 89IE 07 | 7.2E 106 | 4.1FE 105 | 6.2 105
fluids (open

system)

Import and 182E108 | 4.2IE107 | 21E104 | 1.0E 103 | 45FEF 103 | 1.3 102 | 1.1800

repackaging
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LADDs (mg/kg/day) Based on Modeled Aggregate Surface Water Concentrations
Estimated across the Monte Carlo Distribution
5th 25th 75th 95th

Min Percentile | Percentile Median Percentile | Percentile

Cou

Max

Industrial Uses | 4.61E 110 | 1.6 107 | 3.9CE 107 | 8.0/E 107 | 4.66E 105 | 4.9CE 103 | 5.91E 02

Manufacture 351E104 | 1.0E103 | 22%E 103 | 74E D03 | 1.7E£ 102 | 4.04£ 102 | 4.04&£ 02

PET 1.7E108 | 45107 | 1.4 06 | 1.4E 105 | 6.0E104 | 25E& 102 | 2.11E 01
manufacturing

Printing inks 480E107 | 1.0lIET6 | 127ET05 | 204E 105 | 238E 105 | 266E 105 | 2.7IE 105

Remediation 24E& 109 | 2.7£ 107 | 6.2E 107 | 1.27E106 | 3.10E0S | 9.6IE 105 | 2.2% 104

Adult LADDs presented in this tablgere used to deriveancer risk estimates presentedrigure5-5. Percentiles reflect
concentrationgstimatedat various points in the Monte Carlo distributit”hDDs for adults are based on 33 years of
exposure averaged over ayé@&ar lifetime;LADDs for a full 78 years of exposure would be 2.26 times greater than th
presented here. Similarly, LADDs based on 95th percentile drinking water ingestion rates would be approxithately
times greater, depending on the age groups exposed.

3.2.2.2 Groundwater Exposure Assessment

EPA evaluated general population exposures that could trooadisposad of 1,4-dioxanethat
contamina¢ groundwater used agpaimary source of drinking wateil.o estimatehronicexposures
through this drinking watgrathway EPA calculated ADDs and LADDs for adults and formésal
infants based on modeled groundwater concentrations -afidxdneestimatedn Section2.3.2 The
Agencydid not evaluate acute exposures becausihods used testimate groundwater concentrations
provide an indication of potential concentratiaesuringovermany yearsrather than peak
concentrations.

3.2.2.2.1 Disposal to Landfills
To evaluate general population exposure, EPA calculated ADDs and LADDs baved@led
groundwater concentratioestimatedn Section2.3.2.3 Potential goundwateiconcentrations resulting
from disposal of 14lioxane tomunicipal solid wasténdfills vary across landfill loading rates and
concentrations of 1;dioxane in leachat&stimatedexposures presented here iereforebased on the
range of groundwater concentratiestimatedunder varying landfill conditionslable3-7 summarizes
LADD exposure estimatesstimatedor 33 years of exposure as an adutider the rangefdandfill
scenarios considered, adult LADEmge from2.5x10° to 24x10 2 mg/kg/day The highest LADDs
occur when leachate concentrationsatyeve 100 mg/L and loading rates are aki¥6001Ib. The
complete set of exposure estimates for adults and infants relying on groundwater as a primary drinking
water source are presentedlid-DioxaneSupplementdihformationFile: Drinking Water Exposure
and Risk Estimates for 2[@ioxane Land Releases to Landf{|l$.S. EPA, 2024t

Pagell6o0f 570


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11779003

Table 3-7. Adult LADD Exposures Estimated from Groundwater Contamination from Landfills
under Varying Landfill Conditions

Loading Rate (Ib)

Leachate
Concentration 0.1 1 10 100 1,000 10,000 | 100,000| 1,000,000
(mg/L)

0.0001| 258516 | 24615 | 3.06814 | 29613 | 2.7612 | 26611 | 256 10| 2.4H09
0.001| 25H15| 24614 | 306813 | 29612 | 276511 | 26610 | 25809 | 2.4508
0012581424613 | 3081229811 |2.76510| 26609 | 25608 | 2.4H 07
0125813 |24612| 306811 |296810| 2.7609 | 2.6608 | 25607 | 2.4H 06
12561224611 |3.06810| 29609 | 276508 | 2.6607 | 2506 | 2.4H 05
1025611 | 24610 |3.06809| 298508 | 27607 | 26606 | 2505 | 2.4H 04
100| 25510 | 246509 | 3.0808 | 29507 | 276506 | 266505 | 2504 | 2.4H03
1,000 2509 | 246508 | 3.0607 | 29806 | 2.7H05| 266504 | 2503 | 2.4H02
10000| 2.5H08 | 246507 | 3.0806 | 29805 | 2.76504 | 26803 | 25502 | 24601

Adult LADDs presented in this tablgere used to deriveancer risk estimates presented able5-6. LADDs
for adults are based on 33 years of exposure averaged owgeariBetime LADDs for a full 78 years of
exposure would be 2.26 times greater thasdpresented her&imilarly, LADDs based on 95th percentile
drinking water ingestion rates would be approximatély tines greater, depending on the age groups expd

3.2.2.2.2 Disposal ofHydraulic Fracturing Produced Waters
To evaluate general population exposure rggpftom disposal of hydraulic fracturing produced waters
to groundwater, EPA calculated ADDs and LAD&dimatedn Section2.3.2.4(Table3-8). Potential
groundwater concentrations resulting from disposal of hydraulic fracturing produced waters vary
substantially across sitdSstimatedexposures presented here are based on the range of groundwater
concentrationgstimatedhroughMonteCarlo modelingUnder the range of hydraulic fracturing
scenarios considered, adult LADDs range fra@x10 ° to 2.1x10 4 mg/kg/day The completeset of
exposure estimates for adults and infants relying on groundwater as a primary drinking water source are
presented ii,4-DioxaneSupplementdinformationFile: Drinking Water Exposure and Risk Estimates
for 1,4 Dioxane Land Releases to Surface Impoundmeh& EPA, 2024)

Table 3-8. Estimated Exposures Resulting from Groundwater Contamination from Disposal of

Hydraulic Fracturing Produced Water

Monte Carlo Gr'(\)"l?:(fv'vea(ier Adult ADD Adult LADD Infant ADD
Distribution Concentration (mg/L) (mg/kg/day) (mg/kg/day) (mg/kg/day)

Max 1.96 02 2.1 04 8.8H 05 5.3 04

99%th 1.5 02 1.76 04 7.18 05 4.3 04

95th 1.5 02 1.76 04 7.18 05 4.3 04

Mean 7.18 04 7.9 06 3.3 06 2.06 05

50th 1.26 04 1.38 06 5.6H 07 3.4H 06

5th 1.26 04 1.38 06 5.6H 07 3.4H 06

Min 4.4H 07 4.9H 09 2.1H 09 1.28 08
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Monte Carlo
Distribution

Modeled
Groundwater
Concentration (mg/L)

Adult ADD
(mg/kg/day)

Adult LADD
(mg/kg/day)

Infant ADD
(mg/kg/day)

Adult LADDs presented in this tableere used to deriveancer risk estimates presented able5-7. LADDs for
adults are based on 33 yearggposure averaged over ay@ar lifetime LADDs for a full 78 years of exposure
would be 2.26 times greater thawdbpresented her&imilarly, LADDs based on 95th percentile drinking water
ingestion rates would be approximately3imes greater, depending on the age groups exposed.

3.2.3 Air Exposure Assessment

EPA evaluatedcute, chronic and lifetime general populatiexposures to 1;dioxanein air. This
analysis focuses guotentialfenceline communitgxposureshat may occuwithin 10 km of release

sites.

3.2.3.1 Industrial COUs Reported to TRI
To evaluatggeneral populatioexposuresrom industrial fugitive and stack emissioisPA calculated
ACs, ADCs, and LADCs based omodeledair concentrationsstimatedn Section2.3.3 TheLADCs
presented irmable3-9 are basednaximum95th percentile air concentratioestimatedor the facilities
within each COULADCSs within 10km of release types considered here rdnga 1.1x10 ! to
6.9x10 3 ppm These lifetime exposure estimates are bas&Bomears of exposure over a-y&ar

lifetime andare relevant to all lifestageBhe complete set of inhalation exposure estimates for fenceline

communities are presentedlif-DioxaneSupplementahnformationFile: Air Exposures and Risk

Estimates for Single Year Analy§is.S. EPA, 2024e EPA also considered how longer exposure
durations influence exposure. Individuals exposed over a ftfe@8 lifetime would have an exposure
2.36 times greater than thosaculated for 33 years of exposur
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Table 3-9. Lifetime Average Daily ConcentrationsEstimated within 10 km of 1,4-Dioxane Releases to Air

LADCs Estimated within 57 10,000m of Facilities with Greatest Exposuregppm)
1,4-Dioxane OES = #Itt 100to
aciiies | gm 10m 30m 60m 100m 2,500m | 5,000m | 10,000m
1,000m

Disposal 15 186503 | 21503 | 7.66B04 | 29504 | 1.3504 | 1.3505 | 8.0607 | 2.7607 | 8.8H 08
Dry film lubricant 8 6.86811 | 3.06809 | 226807 | 1.6H06 | 2.7H06 | 42607 | 1.26B08 | 3.6B 09 | 1.68 09
Ethoxylation 6 28803 | 588503 | 3.1503 | 1.3H03 | 69504 | 1.6HO04 | 9.3606 | 3.8 06 | 1.5 06
byproduct
Film cement 1 53605 | 55H05 | 1.9505 | 9.76806 | 5.3806 | 9.76H07 | 5.8508 | 206508 | 6.4H 09
Functional fluids 2 54806 | 1.06805 | 446806 | 46806 | 776506 | 3.1H06 | 296807 | 1.1607 | 3.76B 08
(opensystem)
Import and 1 116511 | 246810 | 23808 | 1.86507 | 3.76507 | 1.46807 | 28608 | 1.76508 | 9.46 09
repackaging
Industrialuses 12 186503 | 206803 | 6.56H04 | 24504 | 1.26H04 | 3.06805 | 3.7H06 | 1.4H506 | 4.8 07
Laboratorychemical 1 876804 | 9.1504 | 3.1504 | 1.66H04 | 876505 | 1.6BHO05 | 9.6B07 | 3.26B07 | 1.1 07
Manufacturing 1 3.7H03 | 6.9H03 | 3.3H03 | 1.4B503 | 6.76504 | 6.05805 | 3.56H06 | 1.1506 | 3.4H 07
PET manufacturing 13 34803 | 406803 | 1.58H03 | 59804 | 2.76H04 | 456805 | 886506 | 53506 | 2.8H 06
Spray foam 1 3.36507 | 3.6H07 | 1.26B07 | 6.46508 | 3.66H08 | 6.66509 | 7.3510 | 276510 | 1.065 10
application

exposed for a full 78 years would be 2.36 times greater than values presented here.

LADCs arebased or33 years exposure duration ahd maximun®5th percentile air concentration predictions for the facility in each @@b/the
greatest exposureadult LADCs presented in this tableere used to derivilne cancer risk estimates presentet@ldable5-8. LADCs for individuals
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3.2.3.2 Hydraulic Fracturing
To evaluatggeneral populatioexposureso fugitive emissions from hydraulic fracturing operations,
EPA calculatedA\Cs, ADCs, and LADCs based omodeledair concentrationsstimatedn Section
2.3.3.2.4under a range of different release scenarios and topographical coniabies3-10). LADCs
within 1,000m of hydraulic fracturingoperations range from &0 4 to 5.2 ppm. These lifetime
exposure estimates are base®8ryears of exposure over ay@&ar lifetime and are relevant to all
lifestagesThe complete set of inhalation exposure estimates from fugitive emissions of hydraulic
fracturing operations are presented ja&DioxaneSupplementahformationFile: Air Exposure and
Risk Estimates for 1;BioxaneEmissions from Hydraulic Fracturing Operatio(is.S. EPA, 2024
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Table 3-10. Exposuresfrom Fugitive EmissionsEstimated within 1,000m of Hydraulic Fracturing Operations?

Air Concentrations for 95th Percentile Modeled Releases

Air Concentrations for 50th Percentile Modeled Releases

Fugitive (ppm) (ppm)

Emissions | Exposure High-End Modeled Air Central Tendency(Mean) High-End Modeled Air Central Tendency(Mean)
Release Duration Concentrations Modeled Air Concentrations Concentrations Modeled Air Concentrations
Seenato 100 m | 1,000 m 1%88(;% 100 m | 1,000 m 1%88(;% 100 m | 1,000 m 11'88(;% 100 m | 1,000 m 1%88(;%
o AC 53102 | 24103 | 6.2E103| 426102 | 1.8E103 | 4803 | 3.1E103 | 1.4E04 | 3.6E104 | 24E103 | 1.0E04 | 2.7TE 04
(S(?g;stala ADC 1.1IE102 | 486104 | 1.2E103 | 8.3E 103 | 3.6E104 | 9.4E 104 | 6.0E104 | 2.7E05 | 7.0E 105 | 4.7E 104 | 2.0E 105 | 5.4E 105
Rurak24 LADC 45103 | 20E104 | 522104 | 3.5E103 | 1.5E104 | 40E04 | 26E104 | 1.2E 105 | 3.0E105 | 2.0E 04 | 8.6E 106 | 2.3E 105
o AC 41ET102 | 24E103 | 5.5E103 | 3.JE102 | 1.5E103 | 3.7E03 | 2.3E 103 | 1.32 104 | 3.1E 104 | 1.8E 103 | 8.3E 105 | 2.1E 04
\éveerfttrelrjlrort ADC 8O0EW3 | 46E104 | 1.1IE03 | 6.IE03 | 295104 | 7.3E04 | 4.6E104 | 27ETO5 | 6.2E 105 | 3.5E 104 | 1.6E 105 | 4.2E 105
Rurak24 LADC 34ET103 | 20E104 | 46ET04 | 26ET03 | 1.2E104 | 3.IET04 | 1.9 104 | 1.IETO5 | 2.6E105 | 1.5 104 | 6.9E 106 | 1.8E 105
South AC 26E102 | 58104 | 1.8E103 | 2.3E102 | 5.0E104 | 1.6E03 | 1.5E103 | 3.3E 105 | 1.0E 04 | 1.3E 103 | 2.9 105 | 9.0E 105
((?(l;;stal) ADC 5JE 103 | 1.1IE104 | 3.5E104 | 45E103 | 9.9E 105 | 3.1E104 | 2.9E 104 | 6.5E 106 | 2.0E 05 | 2.6E 104 | 5.7E 106 | 1.8 105
Urban24 LADC 22ET03 | 4815|156 104| 195103 | 42E105| 1.3E104 | 1.2E104 | 2.8E 106 | 8.5E 106 | 1.1IE 104 | 2.4E 106 | 7.5E 106
o AC 24E102 | 6.2E104 | 1.9E103 | 195102 | 46E104 | 1.4E103 | 1.4E103 | 3.6EO5 | 1.1IE104 | 1.IE 03 | 2.6E 105 | 8.1E 105
\(IZVeer?ttrgort ADC 48103 | 1.2E104 | 3.7E104 | 3.8ET03 | 9.0EI05 | 28E104 | 2.7E04 | 7.0ET06 | 2.1E 105 | 2.2E 104 | 5.2E 106 | 1.6E 105
Urban24 LADC 20ET03 | 522105|1.6E104 | 1.6E03 | 3.8E05 | 1.2E104 | 1.2E 104 | 3.0ET06 | 8.9E 106 | 9.3E 105 | 2.2E 106 | 6.7E 106
South AC 9.6E103 | 8.8E105 | 3.8E104 | 8.3E 03 | 6.8E 105 | 3.2E104 | 5.5E 104 | 5.1E 106 | 2.2E 105 | 4.8E 104 | 3.9E 106 | 1.8 105
((?(l;;stal) ADC 19E 03| 1.7E05 | 76ET05 | 1.6E103 | 1.3E 105 | 6.2E 105 | 1.1IE 104 | 1.0E 06 | 4.3E 106 | 9.4E 105 | 7.6E 07 | 3.6E 106
Rurat8 LADC 80EW4 | 74E106 | 3.2ET05 | 7.0E04 | 5.6E106 | 26E 05 | 4.6E105 | 4.2E 107 | 1.8E 106 | 4.0E 105 | 3.2E 107 | 1.5E 106
o AC 20E102 | 77EW04 | 1.9E103 | 1.IE102 | 21ET04 | 6.6E104 | 6.1IET04 | 1.2ET05 | 3.8E105 | 6.1E104 | 1.2E 105 | 3.8E 105
\éveensttral\ulfort ADC 40E103 | 1.5E04 | 3.7E104 | 2IET03 | 4262105 | 1.3E04 | 1.2E104 | 24E 106 | 7.4E 106 | 1.2E 104 | 2.4E 106 | 7.4E 106
Rurat8 LADC 1.7E103 | 64ET5| 1.5E104 | 89E104 | 1.8EO5 | 5.5E105 | 5.1E 05 | 1.0 106 | 3.1IE 106 | 5.1E 105 | 1.0E 06 | 3.1E 106
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Air Concentrations for 95th Percentile Modeled Releases

Air Concentrations for 50th Percentile Modeled Releases

Fugitive (ppm) (ppm)
Emissions | Exposure High-End Modeled Air Central Tendency(Mean) High-End Modeled Air Central Tendency(Mean)

Releas_e Duration Concentrations Modeled Air Concentrations Concentrations Modeled Air Concentrations

Seenan 100m | 1,000m| 10000 | 100m | 1000m| 1000 | 100m | 1,000m| 0 | 100m | 1000m| o0
South AC 87/ETW3 | 6.8E105| 3.2E104 | BOET3 | 6.L0ETS5 | 29E 104 | 46E104 | 3.4ET06 | 1.7E105 | 4.6E 104 | 3.4E 106 | 1.7E 105
((?c?astal) ADC 1.7E103 | 1.3E105 | 6.4E105 | 1.6E103 | 1.2E 105 | 5.8E 105 | 9.0E 105 | 6.8E 07 | 3.3E 106 | 9.0E 105 | 6.8E 07 | 3.3E 106
Urban8 LADC 7.3E104 | 5.6E106 | 2.7E105 | 6.7E104 | 5.0E 106 | 2.4E 105 | 3.8E 105 | 2.9E 107 | 1.4E 106 | 3.8E 105 | 2.9 107 | 1.4E 106
West North AC 156102 | 29E104 | 94E104 | 92E103 | 1.2ET04 | 455104 | 5.3E104 | 6.8E 106 | 2.6E 05 | 5.3 104 | 6.8E 106 | 2.6E 105
CeensttralfOrt ADC 29E 103 | 58105| 1.8E104 | 1.8BE103 | 2.4E105 | 8.9E 105 | 1.0E104 | 1.4E 106 | 5.1E 106 | 1.0E 104 | 1.4E 106 | 5.1E 106
Urbans LADC 126103 | 24E105| 785 | 7.7E104 | 1L.OEOS5 | 3.8E105 | 44E 105 | 5.7E107 | 2.2E 106 | 4.4E 105 | 5.7E 07 | 2.2E 106

aLifetime Average Daily Concenations (LADCSs) presented in thigbleare based on 33 years exposure duratiorcamgspond to the cancer risk estimates
presented iTable5-7. LADCs for individuals exposed for a full 78 years would be 2.36 times greater than values presented here.
AC = Acute ConcentratioPADC = Average Daily Concentratiph ADC = Lifetime Average Daily Concentration
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3.2.3.3 Industrial and Institutional Laundry Facilities
To evaluate exposurés emissions fronindustrial and institutiondaundry facilities, EPA calculated
ACs, ADCs, and LADCs based @apor and particuta air concentrationsstimatedn Section
2.3.3.2.4High-end and central tendency exposuregstimatedunder the mae conservativeexposure
scenario evaluate@ural south coastal topography, assuming 24 hours of releases eaaheday)
presented for each type of laundryTiable3-11. LADCs estimatedvithin 1,000 m ofaundry facilities
operations ranggom 8.710 * to 2.4x10 ® ppm. Thesdifetime exposure estimates are base®38n
years of exposure over a-y8ar lifetime and are relevant to all lifestagBse complete set of
inhalation exposure estimates from fugitive emissions of commeruaradig facilities are presented in
1,4-DioxaneSupplementdinformationFile: Air Exposures and Ridkstimates foindustrial Laundry
(U.S. EPA, 2024x
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Table 3-11. Exposures from Fugitive Emissiong&stimated near Industrial and Institutional
Laundry Facilities®

Detergent Modeled Air Concentrations for Maximum Release Estimategppm)
Facility and Exposure High-End Central Tendency (Mean)
Type Emission | Duration 100 to
Type 100 m |1,000 m 1,000 m 100 m | 1,000 m {100 t01,000 m
AC 6.95 06 |3.38 07| 8.2807 | 508506 | 2.16 07 5.68 07
'\-/iggﬁ' ADC 5.4H06 |2.5807| 6.3H07 | 49806 | 2.1607 | 5.6H 07
LADC 23806 |1.16507| 276807 | 216506 | 9.065 08 2.48 07
AC 6.95 06 |3.3507| 82807 | 496506 | 2.16 07 5.68 07
\'j‘;‘évgf" ADC 5.46 06 |2.56 07| 6.2607 | 49606 | 2.1607 | 5.66 07
Industrial LADC 23606 |1.1507| 2.6607 | 216506 | 8.95 08 2.36 07
laundry AC 72606 |1.66B07| 596507 | 51506 | 1.26 07 4.28 07
Em%eF ADC 5.66 06 |1.3607| 4.76507 |50506| 12607 | 4.2 07
LADC 248H06 556808 20807 | 21506 | 4.9508 1.8 07
AC 6.9506 |3.16507| 8.0807 | 49506 | 2.06 07 5.58 07
E&"fg" ADC 5.45 06 |2.4607| 6.16507 |4.9506| 20607 | 5.4 07
LADC 23806 |1.0607| 26507 | 216506 | 8.5H08 2.38 07
AC 3.66BH06 |1.66H07| 41507 |3.1H06| 1.3H 07 3.58 07
'\-}ggci)cr" ADC 3.4506 |1.6607| 40507 | 3.16506| 1.3507 | 3.5 07
LADC 14606 |6.76808| 1.76807 | 1.3606 | 5.76H 08 1.5H 07
AC 116507 |48809| 1.2H08 | 9.2 08 | 4.06 09 1.06 08
5:&‘:9‘ ADC 1.0607 [4.7609| 12608 | 9.26H08| 39509 | 1.0608
Institutional LADC 42608 [2.0509| 49509 |3.9508| 1.7809 | 4.48 09
laundry AC 1.1607 |2.5609| 89509 |9.4508| 22509 | 7.98 09
E&v;%er ADC 10607 |24B09| 8.7H09 | 9.4H08 | 2.2H 09 7.9 09
LADC 448508 |1.0609| 3.7H09 |4.0608| 9.2H 10 3.36 09
AC 1.1607 |46B09| 1.2H08 | 9.2608 | 3.8H 09 1.0 08
E&v;%er ADC 10607 |45B09| 1.1H08 | 9.2608 | 3.8H 09 1.06 08
LADC 426808 |1.9509| 486509 |3.9H08| 1.6H09 4.38 09
aLADCs presented in thimbleare based on 33 years exposure duratiorcangspond to the cancer risk estimates
presented iTable5-10. LADCsfor individuals exposed for a full8 yearsvould be 2.36 times greater than values
presented here
AC = Acute ConcentratiagnPADC = Average Daily Concentratigh ADC = Lifetime Average Daily Concentration

3.3 Weight of Scientific Evidence Conclusions

As describedn the2021Draft Systematic Review Protoc@l.S. EPA, 2021xr theweight of scientific
evidencesupportingexposure assessmeig®valuated based on theailability and strengtbf
exposure scenas@nd exposure factgrmeasuredndmonitored data, estimation methodolagyd
modelinputdata, andif appropriatecomparisos of estimated and measured exposufés strength of
each of these evidence strearas be ranked as either robust, moderate, slight, or indeternkoate.
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each component of this exposure assessa®# evaluatedheweight of scientificevidencefor

individual evidence streamendthen used that information &valuate th@verallweight of evidence
supportingeach set of exposure estimat®gneral considerations for evaluating the strength of evidence
for each evidence stream are summarizelhinle ApxC-5. Specific examples of how these
considerations are applied to overall weight of evidence conclusions are providddanApxC-6.

Overall confidence descriptions of high, medium, or low are assigned to the exposure assessment based
on the strength of the underlying scientific evidence. When the assessment is supported by robust
evidence, overall confidence in the exposure assesssnagh; when supported by moderate evidence,
overall confidence is medium; when supported by slight evidence, overall confidence is low.

3.3.1 Occupational Exposures
Theweight of scientific evidencior occupational exposure estimates is determined by several different
evidence streams, includirige following:

1 Evidence supporting the exposure scenarios (Se8thdand Appendix=.4);

1 The quality and representativeness\ditable monitoring dataAppendixF.4);
1 Evidence supporting modeling approach®sdtion3.1.1andAppendixF.4); and
1 Evidence supporting model input dafsppendixF.4).

3.3.1.1 Inhalation Exposure
Occupationainhalationexposure estimates are supportednoygeratdo robust evidencésee Appendix
F.6).

1 Exposure Scenarios andExposure Factors. The exposure scenasi@ndexposurdactors
underlying the inhalation assessmardgsupported bynoderateo robustevidence.
Occupational inhalation exposure scenagndexposurdactors includingduration of exposure,
body weight andbreathing ratewere informed by soursef datawith medium to high data
guality ratings increasing the strength of evidenEer most OESs/COUs, EPA used
information directly relevant to the evaluated exposure scenarios; however, for some
OESs/COUSs, EPA used information from surrogate scenatémseasing the strength of
evidence for those scenaridsiditionally, there is uncertainty in the extent to which the entire
population of workers within an OES/COU aepreserdd by the available data.

1 Measuredand Monitored Data. Measured/monitored datae supported bsnoderate to robust
evidence EPA usedourcef datasuch as OSHA and NIOSkvhich have medium to high data
guality ratings increasing the strength of the evideriéa the OESs/COUswith available
monitoring datathe data wadirectly applicable to the assessegbosure scenario, as opposed to
from asurrogateexposure scenaridiowever, the available monitoring daterelimited toa
single sourcdor each OES/COlndoften consisted of a smalt dateddatasetAdditionally,
these data often only included one or a limited number of sites at which the data were measured
decreasing the strength of evidence for those OESs/COUs

1 Modeling Methodologies The modelingnethodologes are supported byioderate to robust
evidence Modeling wagmplemented to assess occupational inhalation expofurdgsee of
the OESs/COUausingmethodologiesrom GS/ESDthat aregenerally well described.he
modeling incorporatelonte Carlosimulationto allow for variation inthe model input data
which increases the representativeness of the approach towards the true population of potentially
exposed workerand increases the strength of the evidehicavever, EPA was unable to
develop distributions for all input parameters, increasing the uncertainty in the parameterization
and applicability
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1 Model Input Data. Model input data are supported impderateo robustevidenceFFor some
model input data-PA used 1,4lioxanespecific datdrom sources such as process information,
product concentrain information,and FracFocus 3.For other model input parameters, generic
data fromthe GS/ESDused for the modeling methodology was used due to lack -afidéne
dat.

1 Comparison of Modeled and Monitored Data. The comparison of modeled and measured
occupational inhalation exposures is not rated because no comparisons between modeled and
measured exposures were made.

Overall Confidencan Occupational Inhalation Exposure Estimates

Theoverall confidenceén the occupational inhalation exposure estiméf&extion3.3.1.] rangedrom

low to high depending on the OES/COMeasured/monitored data are supported by moderate to robust
evidence Additionally, the modeling methodologies and underlying model input data is supported by
moderate to robust evidend¢¢owever, there is uncertainty in the representativeness of the assessed
exposure scenarios towards all potential exposures for the given OES/COU, limitations in the amount
and ageof monitoring data, and limitations in th@deling approaches towards -tlixanespecificuse
within the OES/COU. Therefore, while the underlying data and metieels to estimate occupational
inhalation exposures is supported by moderate to robust evidence, the mudidénce of these
estimatess low to highdepending on the OESOU. OES/COUspecific discussions of the available
inhalation exposure data and overall confidence are presented in Appehdix

3.3.1.2 Dermal Exposure
Occupational dermal exposure estimates are supportgidghyto robusevidencegsee AppendidE.3).

1 Exposure Scenarios andExposure Factors. The exposure scenasi@nd exposuriactors
underlying thedermalassessmeraresupported bynoderatdo robustevidenceDermal
exposure scenarios were informeddogcess information an@S/ESDwith medium to high
data quality ratingsincreasing the strength of evidenEsposure factorsncludingamount of
materialon skin, surface area of skin exposaudabsorption of 1,4ioxane through the skin,
were informed by literature sourcéise ChemSTEER User Gui@e.S. EPA, 201 5gfor
standard exposure parametensg aEuropean modeWwhich have mediuno high data quality
ratings.EPA used information directly relevant to the evaluated exposure scehanias;er,
thereis uncertainty in the extent to which the entire population of workers within an OES/COU
arerepresentetly the available data.

1 Measured andMonitored Data. No measured/monitoredermal exposurdatawereused in
theoccupational dermal exposure assessnt&Pl did use measured data on-didxane
concentrations in various products from process information and other literature sohichs
have mediunto high data quality ratingslepending on the data source.

1 Modeling Methodologies The modeling methodologies are supportednogeratevidence
EPA used th&PA Dermal Exposure to Volatile Liquiddodelto calculate the dermal retained
dose for each OES/COUhis modeimodifies the EPAOPPT2-Hand Dermal Exposure to
Liquids Modelbyi ncor por ati ng aadficf rpaacrta noent earb stoor baecdc ofu
evaporation of volatile chemical&dditionally, the modei ncor por at es a gl ove
f a c todnforen risk managemenlecisions These modifications improve the modeling
methodologyand allow EPA to differentiate dermal exposures between commercial and
industrial settings by varying the absorption and dermal protection fadtwgver, the
modeling approacts still limited bythe low variability for different worker activities/exposure
scenarios.
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1 Model Input Data. Model input data are supported $light to moderatevidenceAs discussed
above model parametemsere informed bysources with mediuro high dataquality ratings
However,a limitation is thasome of the model input data was generic and not specificto 1,4
dioxaneOES/COU.

1 Comparison of Modeled andMonitored Data. All occupational dermal exposures were
modeledand no measured dermal exposures were used in this assessment, therefore there is no
comparison.

Overall Confidence in Occupational Dermal Exposure Estimates

The overall confidence in the occupational dermal exposure estimates (Seti is medium for all
OES/COU because the same modeling approach was used for all OEIM@Oodeling

methodology is supported by moderate evidence, with model input parametelisciratare sources, a
European model, standard defaults fromG@hemSTEER User Guide).S. EPA, 2015pand 1,4

dioxane product concentration data from process information. These sources range from slight to robust,
depending on factors such as age and applicability to OES/CEJmodeling is limited by the use of
standard input parameters that are not specific taib}¥ane and a lack of variability in dermal
exposure for different worker activities. There
exposure eghates is medium.

3.3.2 Drinking Water

3.3.2.1 Drinking Water Exposure Estimates Based on Surface Water Concentrations
The weight of evidence for drinking water exposure estimates is determined by several different
evidence streams, includirige following

1 Evidence supporting the general population exposure scenarios (Se2tibn

1 The quality and representativeness\ditable surface water and drinking water monitoring
data (Sectior2.3.1.9;

1 Evidence supporting modeling approaches (Se&idri.3and AppendidG.2);

1 Evidence supporting release data used as model input data (SZe2tod AppendixE.3); and

1 Consistencypetween modeled and monitored water concentrations (S@c8dnj.

As described in Sectidh 3.1 multiple approaches were used to predict surface water concentrations
resulting from several sources. These included the evaluation of fapétific releases, down the

drain releases to surface water, hydraulic fracturing releases and aggregstidaca water releases.

The associated strengths, limitations and confidence in these estimated environmental concentrations are
described in SectioR.3.1.4 The general population drinking water exposure scenarios and exposure
factors used to estimate exposures that could result from estimated water concentrations are described in
Section3.2

Drinking water exposure estimategsed on modeled surface water concentraaoasupported by
overallmoderateo robustevidencewith the strength of the evidence varying acasaysis
approacheandCOUYOESs

1 Exposure Scenarios andExposure Factors. The exposure scenargoandexposurdactors
underlyingall drinking waterexposure estimates asapported bynoderateo robustevidence
Exposure factors for drinking water are based on ratatst ordrinking water intakeates and
body weighs as derived fromaxposure factors from the P A Bxposure Factors Handbook
(U.S. EPA, 201). For chronic drinking water exposure scenarios, mean water ingestion values
were applied, wher@5th percentilengestion values could result in as mucl8aktimes higher
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exposuresdepending on the age groups considefee drinking water exposure scenarios
generally rely on the assumption that little or no dilution occurs prior to drinking water intakes.
That assumption mayot be representative of exposures at all locatidlisoughthere are

locations where this assumption is expected to the accurate, the extent of downstream dilution
that occurs prior to drinking water intakes is highly variable across locatibagproximity of

facility releases to actual drinkingater intakes is evaluated $ection2.3.1.2.4and Appendix

G.2.4 Uncertainties related to downstream dilution decrease the overall strength of evidence for
theseexposure scenarios. However, EPA has performed several analyses that calculate exposures
and risks under alternate assumptions about downstream dilution and illustrate the quantitative
impact of those assumptions (see Secdd@2.1.3, increasing the overall strength of evidence.
Drinking water exposure scenarios also rely on the-diatan assumption that X@ioxane is

not removed through treatment. Moderate to robust data provide support for this assumption
under many treatmentesgarios These assumptions may ov@stimate exposure for some

locations, but provide an overall distribution that is generally expected to be representative of
exposure scenarios.

1 Measured and Monitored Data. The measured/monitored data are supported by moderate
evidence. The high number of monitoring data points for surface water and drinking water from
high quality sources in multiple locations over multiple years increases the strength of the
evidence from ranitoring data. Monitoring data confirm that dd#bxane is present isome
surface water and drinking water in some locations. However, evidence from monitoring data
may not be representative of all sites wheredlgkane igeleased to surface water from TSCA
sources, decreasing the strength of evidémre monitoring data. The lack of temporal and/or
spatialalignmentbetween most monitoring data and reported release locations makes direct
comparison challenging for most locations. However, a limited number of sites with monitoring
data are cdocated with sites where tdioxane releases are reported, supporting casge of
monitoring and modeled estimates that increase the overall strength of the evidaddéidn,
as described in Sectidh3.1.4 monitoring data for surface water directly downstream from
releases show concentrations multiple orders of magnitude greater than typical ambient surface
water concentrations, aligning with patterns of modeled results.

1 Modeling Methodologies Themodelingmethodologesaresupported bynoderate taobust
evidence.

o0 The methodology for deriving exposure estimates for facility releasesdsrateand is
applicable to th@opulatiorsincluded in the exposure scenaridhis approach makes
some conservative assumptions about flow rates and release frequency and amount
Additionally, the modeling does not take into account downstream fate or transport, but
the physical chemical properties of Hibxane are expected to moderate the impact
these influences could have on the modeled instream concentratiensiodel is
designed to estimaf@ssible higher endater concentrations expected at specific
locations.

o0 Theprobabilisticmethodologyusedfor deriving exposure astates forDTD releases,
hydraulic fracturing releases, and aggregate releases from all sources isTroisust
approach incorporates the full distribution of facility release=s multiple yearsnd
correspondingnstream flow rat@latarather than relying on the most conservative model
inputs. It is designed to providenationally representativéistribution ofestimatedvater
concentrationsinder varying conditions

1 Model Input Data. Modelinputdata aresupported bylightto robustevidence with the
strength of the evidence varying acrostividual COUJOESs The strength oévidence
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supportingmodeled water concentrations relies heavily on the quality datiléy or OES
specific release datssed as inputs for the mogdelicluding both the amount of releatmation

of the releasegnd thecorrespondindlow in the receiving water bodyA summary of sources of
flow and release data for facility release modeling is presentEabie2-7. A more detailed
OESspecific discussion of the confidence in sources of release information is presented in
AppendixE.3.4

o For overall distributions ahdustrialreleases across sites, model input data are supported
by robust evidencé\s illustrated in Sectiob.2.2.1.2 EPA estimated exposurasd risks
across the full distribution of facility releadesthfor the whole dataseind for a subset
of facilities with high quality reporting information. Comparison of these distributions
demonstratethat inclusion ofocations relying on more limitegtlease information had
limited impact on the overall distributisrof exposures

0 ForCOUYOESsthat rely primarily on release data reported to TRIRdgem R or
reported to ICISNPDES via DMR site-specificrelease estimatese supported by
moderateao robustevidenceAs described in Appendik.3.], these elease estimates are
based on release amounts reported by facilitlest COUs/OESs are included in this

group.

0 For COU$OESsthat rely primarily on release data reported to VidlForm A, site-
specificrelease estimategesupported bynoderateevidenceAs described in Appendix
E.3.1 Form A simply indicates that releases are below the reporting thresholds and
specificrelease estimatesquire assumptions about amoufdsations and mediaf
releaseThelmport and repackaginQES releases used in this analysis are entirely based
on Form A reporting of releases, and just under half of the Industrial Uses OES releases
were reported via Form A.

0 For COWs/OESghat rely primarily on other sources of release informaiogeneric
scenariossite-specificrelease estimates are supported by stigihoderateevidence
Forthese scenario§PA estimated daily wastewater discharges by using various
modeling approaches, including the use of surrogate TRl and DMR data and modeling
using data from literature, GSs, and ESDs.

A ForDTD sourcesrelease information is supporteyl dlightto moderate
evidenceAlthoughconfidence in théndividual contribution fromsomespecific
COUs(ie specific consumer or commercial product categoisesyver,
confidence in estimates of overBITD releases is moderafEhe presented model
is intended to infornthe totalcontribution of DTD releases to overall aggregate
instream concentration as well as providing evidence of individual COUs that
may be mosinfluential. Presented results shoblel taken in relation to one
another qualitatively rather than discrete quantitative valissibutions of
DTD release®f consumer and commercial produsisreestimatedor each
COU on a per capita basisingthe SHEDSHT model There is slight to
moderate evidence that the proportions of populations applied for the commercial
users. The selection of higind consumer loading rates to represent commercial
uses, may not reflect all communities and commercial use patterns, pdsticula
for the paint andlishwashing COUs.

A For hydraulic fracturing releases, release information is supported by moderate
evidence. Releases were estimated using Monte Carlo modeling with information
from the Revised ESD onHydraulic Fracturing and FracFocus 3.0.
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1 Comparison ofModeled andMonitored Data. Comparisos of estimated and measured
exposureprovidemoderate evidenc8ecause most of the available monitoring data are not
collected in locations with known releagemporally or spatiallyit is difficult to make direct
comparisonsn most locationsHowever,n case study locations where monitoring data re
located near release sites, comparisons demonstrate that tpemernal consistendyetween
measured and/or reported and modeled estinf@tgtion2.3.1.9, increasing the overall
strength of the evidenc®Monitoring data confirm that 1;dioxane is present somesurface
water and drinking watetJncertainty as to whether trends observed in case study locations are
representative of all of the sites decreases overall confidence in these comparisons.

Overall Confidencan Exposure Estimates

Overall confidence inlrinking water exposure estimates $oirface water concentrations modeled from
facility releasegSection3.2.2.1.} is high across the overall distributigparticularly when limited to
sites with high quality sources of release d&ta individual facilities and COUSs, overall confidence in
exposure estimatesriesdepending on the confidence in souspecific release datdhe modeling
methodologyused for this analysis supported bynoderateevidence. This approach makes some
conservative assumptions about flow rates and release frequency and amodasidinsdo estimate
water concentrations expected at specific locatidmailable monitoring data confirm that tgdoxane

is present irsomesurface water and drinking wat¢hough most of the available data were not collected
near release sitese therefore not directly comparablée overall level of confidenda OES/COU
specific exposure estimatdspends on the source of OES/CG&pécific release data described in
AppendixE.3

1 Overall confidence in drinking water exposure estimategidium to higfor OESsSCOUSs that
rely primarily onsite-specificrelease data reported@MR or toTRI via Form R

1 Overall confidence isite-specificdrinking water exposure estimategnsdiumfor OESsCOUs
for which site-specificrelease estimates are basedeporting to TRI via Form A

1 Overall confidence in drinking water exposure estimatésngo mediumfor OESs/COUs for
which site-specificrelease estimates are based on surragatedeled information

Overall confidence in drinking water exposure estimateB1d releasesinder varying conditions
(Section3.2.2.1.2, is medium The modeling methodology used for this analysis is supported by robust
evidence This analysis islesigned to provide @ationaly representativeistribution ofestimatedvater
concentrations under varying conditiofiis analysis defines the conditions under which exposures are
higher, but is not designed to predioe specific levels aéxposure resulting from DTD releases at

specific locations with precisioExposure estimates rely on estimated distributiori3Tad releases of
specificconsumer and commercial producttegories associated wigach COUDistributions ofDTD

releases of consumer and commercial products were estimated for each COU on a per capita basis using
the SHEDSHT model.Althoughconfidence in the individual contribution from some specific COUs is
lower, confidence in estimates of ovefalfD releases is moderate.

Overall confidence in drinking water exposure estimatebyfdraulic fracturing releas¢Section

3.2.2.1.3is medium The modeling methodology used for this analysis is supported by robust evidence
and is designed to provide a natidpakpresentative distribution of estimated water concentrations

under varying condition®keleasesised as inputs in the model were estimated using Monte Carlo
modelingthat captures variability across sites. However, the modeled exposure estimates are not directly
tied to specific releases at known locations, decreasing the strength of the evidence related to the
representativeness of the exposure estimates for agpadiges

Overall confidence in drinking water exposure estimates for aggregate surface water concentrations
predicted by probabilistic modeling (Secti®2.2.1.4 is high across the overall distribution. For
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individual facilities and COUs, overall confidence in exposure estimates varies depending on the
confidence in sourespecific release datdhe modeling methodology used for this analysis is

supported by robust evidence and is designed to provide a nbtiepaesentative distribution of

estimated water concentrations under varying conditionse3timated drinking water concentrations
modeled in this analysiacorporate contributions from direct and indirect industrial rele&sEB,

releases, and othapstream sources. Available monitoring data confirm thatlib@ane is present in
somesurface water and drinking water, though most of the available data were not collected near release
sitesand are therefore not directly comparalilee overall level of confidence in resulting exposure
estimates depends on the source of OES/G@etific release data described in ApperliX

1 Overall confidence in drinking water exposure estimates is medium to high for OESs/COUs that
rely primarily on release data reported to DMR or to TRI via Forfést COUs/OESs are
included in this group

1 Overall confidence in drinking water exposure estimates is medium for OESs/COUs for which
release estimates are based on reporting to TRI via FofitheAmport and repackaginQES
releases used in this analysis are entirely based on Form A reporting of releases, and just under
half of the Industrial Uses OES releases were reported via Form A.

1 Overall confidence in drinking water exposure estimates is low to medium for OESs/CQOUs for
which release estimates are based on surrogate or modeled information

3.3.2.2 Drinking Water Exposure Estimates Based on Groundwater Concentrations
The weight of evidence for exposure estimates presented in this section is deternsiexeel aly
different evidence streams, includitige following:

1 Evidence supporting the exposure scengigextion3.2.1);

1 The quality and representativeness\dikable groundwatemonitoringdata(Section2.3.2.2);
1 Evidence supporting modeling approaches iapdt data(Section2.3.2.3.1and2.3.2.4.);

1 Evidence supporting release data used as model inputSktaon2.2 and Appendixe.4); and
1 Agreemenbetween modeled and monitored water concentrations.

3.3.2.2.1 Groundwater Concentrations Resulting from Disposal to Landfill
Drinking water exposure estimates basadroundwater concentrationsodeledfor landfill disposal
scenariosre supportedyboverallslight to moderatevidence.

1 Exposure Scenarios andExposure Factors. The xposure scenargoand exposuriactors
underlying thesérinking waterexposure estimates aapported byglight tomoderate
evidence Exposure factors for drinking watare based on robust data on drinking water intakes,
body weight, and other standard exposure factors froa theA Bxposure Factors Handbook
(U.S. EPA, 201). However, the drinking water exposure scenario relies on the assumption that
the groundwater concentratioestimated with the DRAS modelay occur in locations where
groundwater is used as a primannking watersource Althoughthere is uncertainty around
this assumption, thignalysis is intended to capture@nariovhere the greatest exposures are
likely to occur

1 Measured and Monitored Data. Measured/monitored data aepported bynoderatesvidence.
Monitoring data wreavailable to sufficiently cover most or all of the population groups
included within the exposure scenarios but there are a limited number of studies to corroborate
findings.Since little data is readily available on the concentration eflib¥ane near or around
landfills in groundwater, some caution is required when interpreting monitoring data as it may
not be fully representative of conditions around all landfills.
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1 Modeling Methodology. The modelingmethodologyis supported byobustevidence. hie
DRAS methodology for deriving the estimate is well descridéw underlying computational or
scientific basis is robusindhas an empirical basis considering chemical specific properties.

1 Model Input Data. The release data relied onasiodel input is supported by slight evidence
Model inputs fothe DRAS modelincludechemical propertiesf 1,4dioxanethat are weH
defined and reviewed and therefore supported by robust evidence. Howedetinputs for
leachate concentrations and loading rates are more unce&fairdoes not have reasonably
available information on actual concentrations oftdigkane in leachate for most landfided
therefore selecteldndfill leachate concentratis are based on potential for riskhuman health
Loading rates are based on the range reported in TRI for RCRA subtitle C landfills and therefore
may not be representative of nonhazardous landfills evaluated in this analysis. These
uncertainties around landfill leachate concentrations and loadingleste=ase the strength of
the evidence for model input data.

1 Comparison of Modeled andM onitored Data. Comparison of estimated and measured
exposureprovidesmoderateevidencebecausenonitoring data confirm the presence of-1,4
dioxane in groundwater in some locations aratieled estimates and measured exposure values
are comparable, however differences in methodology, collection, or context make it difficult to
arrive at fullagreement

Overall Confidencan Exposure Estimates

Overall confidence in drinking water exposure estimates resulting from disposal to |48éiii®n
3.2.2.2.}) is low to medium. The modeling methodology is robtiiwever the release information
relied on as model input data is supported by slight to moderate evidexoeasing overall confidence
In addition, this drinking water exposure scenario relies on the assumption that the groundwater
concentrationgstimated with the DRAS modelay occur in locations where groundwater is used as a
primary drinking water sourcélthoughthe substantial uncertainty around the extent to which these
exposures occur decreases overall confidence in the exposure scenario, this scenario repESEnts a
exposure.

3.3.2.2.2 Groundwater Concentrations Resulting from Disposal of Hydraulic
Fracturing Waste
Drinking water exposure estimates basednmaleled groundwater concentrati@siimatedinder a
range of hydraulic fracturing waste disposal scenanesupported bslight to moderatevidence

1 Exposure Scenarios andExposure Factors. The exposure scenario factors underlying these
exposure estimates asapported bylight to moderatevidence Exposure factors for drinking
water arebased on robust data on drinking water intakes, body weight, and other standard
exposure factors frofda P A Bxposure Factors Handbadkowever, the drinking water
exposure scenario relies on the assumption that the estimated groundwater concentrations may
occur in locations where groundwater is used as a primaryimiyimkater source.

1 Measured and Monitored Data. The measured/monitored dat@esupported byndeterminate
evidenceAvailable groundwater onitoring dataarenot located near hydraulic fracturing
operations and do not provide information about the potential for hydraulic fracturing operations
to contribute to groundwater contamination.

1 Modeling Methodologies Themodelingmethodologyand inputdataare supported byobust
evidenceThe methodology for deriving the estimate is well described, the underlying
computational or scientific basis is robust, and has an empirical basis considering chemical
specific properties.
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1 Model Input Data. Hydraulic fracturing releases are supported by moderate evidence. As
described in Appendik.4.4 releases were estimated using Monte Carlo modeling with
information from the ReviseESD onHydraulic Fracturing and FracFocus 3.0. DRAS modeling
was based on very limited data on concentrations edlib)ane in produced water as reported in
the literature. Reliance on limited data and uncertainty around the representativeness of that data
decrase the strength of the evidence for model input data.

1 Comparison of Modeled andMonitored Data. The comparison of estimated and measured
exposures is not rated because no comparisons between estimated and measured exposures wer:
made.

Overall Confidencan Exposure Estimates

Overall confidence in drinking water exposure estimates resultingdigmosal of hydraulic fracturing
waste(Section3.2.2.2.2 is low to medium. The modeling methodology is robausd therelease
information relied on as model input data is supported by moderate evitiaveever no monitoring

data are available twonfirm detection of 14lioxane in groundwater near hydraulic fracturing
operations. Tis drinking water exposure scenario relies on the assumption that the estimated
groundwater concentrations may occur in locations where groundwater is used as a primary drinking
water sourceAlthoughthe substantial uncertainty arouttte extent to which these exposures occur
decreases overall confidence in the exposure scetlaigscenario represent®&SSexposure.

3.3.3 Air
Theweight of scientificevidencedor exposure estimates presented in this section is determined by
several different evidence streams, includimg following

1 Evidence supporting the exposure scenarios (Se8tihf);

1 The quality and representativeness of available groundwater monitoring data (2£:8db
1 Evidence supporting modeling approaches and input data (S2QiGrD);

1 Evidence supporting release data used as model input data (2e8t88; and

1 Consistencypetween modeled and monitored water concentrations.

As described in Sectidh 3.3 1,4dioxane concentrations in air were estimated for areas around
industrial COUs reported to TRI, hydraulic fracturing operations, and institutional and industrial laundry
facilities. The associated strengtasdlimitationsof these estimated environmental concentrations are
described irSection2.3.3.3 The general population air exposure scenarios and exposure factors used to
estimate exposures are described in Se&idr8

3.3.3.1 Modeled Air Concentrations for Industrial COUs Reported to TRI
Inhalation exposure estimates resulting fromdigkane releases for industrial COUs reported to TRI
are supported bgverallmoderate evidence.

1 Exposure Scenarios andExposure Factors Exposure scenarsaunderlying these exposure
estimates arsupported bynoderateevidence Theexposurdactors used to builthe exposure
scenarig aredirectly relevant to general population exposures for communities violpse
proximity to releasing facilities/Vhile the longterm exposure scenarios are most directly
relevant for individuals who reside in fenceline communities for many years, these scenarios are
expected tdoe within the range of normal habits and exposure patterns expected in the general
population However, there is uncertainty around the extent to whichlpempually live and
work around the specific facilities where exposures are highest, decreasing the overall strength of
evidence for these exposure scenamasticularly at the distances nearest to facilities
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1 Measured andMonitored Data. The neasured/monitored data angpported byndeterminate
evidence No measured or monitored data were available.

1 Modeling Methodologies Themodelingmethodologyused to estimate exposure concentrations
via the ambient air pathwag supported byobustevidence Air concentrations werestimated
using AERMODandIlIOAC.AERMOD i s EPAOGs r é&apbdethdroughly model
peer revieweptherefore the general confidence in results from the model is high but reliant on
the integrity and quality of the inputs used and interpretation of the reSatifdence in
modeled air concentrations resulting from stack releases is lower at distances less than 100 m of
release sites, but confidence in modeled concentrations for fugitive emissions is higher near
release sitelthoughthis is a source of uncertainty, air concentrations from fugitive emissions
tend to peak within 1én of release sites while stadeases were found to peak around 100 m,
indicating that air concentrations modeled at distances less than 100 m of release sites are
generally driven by fugitive emission$OAC is an Excelbased model with results based on
prerun AERMOD exposure scenarios under a variety of environmental and release conditions.
There is a moderate to high confidence in air concentrations estimatedlQgi@gbecause,
althoughllOAC resultsare based on prmein AERMOD exposure scenari@@gh confidence)
somekey souces of uncertaintidentified inSection2.3.3.3(like limited set of distances
evaluated 100, 100 to 1,000, and 1,000 ar)d assumptions made about meteorological
conditionsnecessary to proviciemore conservative exposure estifatalead toa slightly
lower confidence (moderate)

1 Model Input Data. Model input data on air releases are supported by slight to robust evidence,
with the strength of the evidence varying across COUs/OESs. A more detailesh©gi®:
discussion of the confidence in sources of release information is presented in Afp&rtix

o0 For COUs/OESs that rely primarily on release data reported to TRI via FateR,
specificrelease estimates are supported by moderate to robust evidence. As described in
AppendixE.5.4 these release estimates are based on specific release amounts and other
sourcespecific information reported by facilities a regulatory requirement

o0 For COUs/OESs that rely primarily on release data reported to TRI via Fasite-A,
specificrelease estimates are supported by moderate evidence. As descAppdndix
E.5.4 Form A simply indicates that releases are below the reporting thresholds and
specific release estimates require assumptions about exact amounts and locations of
releases.

o0 For COUs/OESs that rely primarily on other sources of release information or generic
scenarios, release estimates are supportedidgnce ranging frorslight tomoderate
evidenceFor these scenarioBPA estimated dailgnd annual air releasasing various
modeling approaches, including the use of surrogate TRI data and modeling using data
from literature, GSs, and ESDs.

1 Comparison ofModeled andMonitored Data. Comparison of estimated and measured
exposureprovideindeterminateevidence No measured or monitored data were available for
comparison.

Overall Confidencan Exposure Estimates

Overallconfidence in inhalation exposure estimates resultingifaroncentrations modeled based on
industrial releasefSection3.2.3.] varies across COU3heAERMOD modeling methodology used for
this analysis is robusind considers contributions from both stack and fugitive emissibiesexposure
scenarios considered are most relevahdng-termresidents in fenceline communiti@ere is

uncertainty around the extent to which people live and work in the specific locations where exposures
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are highest, decreasing confidence in the exposure scemmitsularly at distances nearest to
facilities. Overall confidence varies due to variable levels of confidenoaderlying release
informationused to the support the analysis:

T
)l
T

Overall confidence isite-specificinhalation exposure estimates is medium to high for
OESs/COUs that rely primarily on release data reported to TRI via Form R.

Overall confidence isite-specificinhalation exposure estimates is medium for OESs/COUs for
which release estimates are based on data reported to TRI via Form A

Overall confidence in inhalation exposure estimates is low to medium for OESs/COUs for which
release estimates are based on surrogate or modeled information

3.3.3.2 Air Concentrations Modeled near Hydraulic Fracturing Operations and
I ndustrial/ I nstitutional Laundries

Inhalation exposure estimates resulting fromdigkane released to air from hydraulic fracturing
operationsand industrial/institutional laundriese supported by overatioderateevidence

T

Exposure Scenarios andExposure Factors. Exposurescenarioginderlying these exposure
estimates are supportbg moderateevidenceThe factors used to buittie exposurecenarios
aredirectly relevant to general population exposures for communities livialgse proximity to
releasing facilitiesWhile thelong-termexposure scenarios are most directly relevant for
individuals who reside in fenceline communities for many years, these scenarios are expected to
be within the range of normal habits and exposure patterns expected in the general population
However, there is some uncertainty around the extent to which people actually live and work
around the sprfic locations where exposures are highest, decreasing the overall strength of
evidence for these exposure scenarios.

Measured and Monitored Data. The measured/monitored data are supported by indeterminate
evidence. No measured or monitored data were available.

Modeling M ethodologies The modelingmethodology used to estimate exposure concentrations
via the ambient air pathway is supported by robust evidéiiceoncentrations werestimated

using IIOAC.IIOAC is an Excelbased model with results based onpune AERMOD exposure
scenarios under a variety of environmental and release condfiuere is a moderate to high
confidence in air concentrations estimated ui®g\C because, although IIOAC resuéise

based on preun AERMOD exposure scenariffigh coridence), somé&ey sources of
uncertaintyidentified inSection2.3.3.3(like limited set of distances evaluateéd(, 100 to

1,000, and 1,000 ngnd assumptions made about meteorological conditiecsssary to provide

a more conservative exposure estija#n lead to a slightly lower confidence (moderate).

Model Input Data. Input data used for modelirexposures from hydraulic fracturing operations

and industrial/institutional laundries aepported bynoderateevidence As described in
AppendixE.5.4 these modeled exposure estimates are based on alternative release estimates and
scenario conditions found in the literature and derived Mithte Carlo models aklease

estimate, some of which have been peer reviewed, others which may not be peer reviewed. Since
the modeled exposures are based on alternative release estimates, which in turn are based
modeled data and outputs, there is a lower overall confidence in the modeled exposures from
such input data. Additionally, exposure estimates using this input data requires certain
assumptions which can lead to a lower overall confidence in the estimqiesure

concentrations.
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1 Comparison ofModeled andMonitored Data. Comparison of estimated and measured
exposures provide indeterminate evidence. No measured or monitored data were available for
comparison.

Overall Confidencan Exposure Estimates

Overall confidence in inhalation exposure estimates resulting for air concentrations modelexhbased
releases from hydraulic fracturing operati¢8ection3.2.3.9 is medium Themodeling methodologies
used to estimate air concentrati@ms robustThe distribution of aireleass used asnodelinput data

were estimated using Monte Carlo modeling eelg on assumpans No air monitoring data were
availableto confirm detection of 1-dioxane n air near hydraulic fracturing operatioi$ere is

uncertainty around the extent to which people live and work in the specific locations where exposures
are highest, decreasing confidence in the exposure scenarios.

Overall confidence in inhalation exposure estimates resultingdmooncentrationmiodeledbased on
releases from industrial and institutional laundra#s0) is medium The modeling methodologies are
robust The distribution of air releases used as model input data were estimated using Monte Carlo
modeling and rely on assumptions. No air monitoring data were available to determine whether 1,4
dioxane is detected near industrial and institutional laundrytfesili
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4 HUMAN HEALTH HAZARD

1,4-Dioxanei Human Health Hazards (Section4):
Key Points

EPA previouslyevaluated reasonably available information for human health hazards and
identified hazard endpoints for n@ancer effects and cancer effects following acute and chr
exposuresThis section describes adjustments made to previpusliishedhazard valuet
align with the exposure scenarios evaluated in this supplemental evaluation

1 EPA considered the potential for increased susceptibility across PESS factors thro
the hazard assessmamid doseesponsanalysis PESS categoriedentified in the
assessmermcludelifestage,geneticsandpreexisting disease

1 The primary acutshortterm, nonrcancer endpoint fak,4-dioxaneis liver toxicity
following inhalation exposure

1 The primary chronic, nenancer endpoistfor 1,4-dioxaneareliver toxicity and systemic|
effects on the olfactory epithelium

1 Inhalation canceendpoint for 1,4dioxane isbased on combined tumor risk at multiple
sites

1 Oral and dermatancerendpoints for 1,4lioxane ardased on liver tumors following
oral exposures

4.1 Summary of Hazard Endpoints Previously |dentified in the 2020 Rsk
Evaluation
This supplement relies on the Hazard Identification and IResponse Assessmeh# waspreviously
described in the020 RE All hazard values used to calculate aétr 1,4-dioxanein this supplemen

werederived from the previously peesviewed PODs published in t8820 REand amended in the
2023correction memgd?

Hazard values used in the 2020 RE inclbdman equivalent concentrations (HE@sJl human
equivalent doses (HED®&r non-cancer endpoints. Additionally, an inhalation unit risk (IL#RY

cancer slope factor (CSF)r lifetime cancer risk wrederivedfor both occupational and consumer
scenarios for COUs where it was applicablee hazard values published in the 2020 RE and used as
the basis for hazard values in this supplement were developed with consideration for potentially
susceptible subpopulatiorfSeveral potential sources of susceptibility were discussed qualitatively
including lifestage, genetic variability, liver diseaand other chronic diseases that may influence
metabolism or target organ susceptibility. EPA applied>aut@ertainty factor to nenancer hazard
values to account for these sources of human variability.

4.2 Summary of Adjustments to Previously EstablishedHazard Values

Formanyof the exposure scenarios evaluated in this supplement, the previously estaideshed
reviewedhazard valuewereapplied without modificationf-or example, risks fromagupational

21n June 2023, EPposteda correction of dermal hazard valueghe docketCorrection of Dermal Acute and Chronic
Noncancer Hazard Values Used Evaluate Risks from Occupational Exposures in the Final Risk Evaluation for 1,4
Dioxaneis available ahttps://www.regulations.gov/document/Ef#Q-OPPT201607230099
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exposures tproducts containing 1;dioxane as a byproduct can be evaluated using the acute, ¢hronic
and cancehazard valuepreviouslydevelopedor OESs

Some of the exposure scenarios included in this supplement rdqrat@nadjustments to the
previously established PODSor example,d evaluate risks from ambient air exposures for fenceline
communities, EPA assumes continuous exposure to air for 24 hours/day, 7 dayAsidescribed in
more detail belowizPA adjustedthe previously established HEC and IWRlues(originally developed
for 8 hoursg/day, 5 dag/week exposuresd identify hazard values appropriate éemtinuous exposure
scenaris.

In addition, acute and chronic neancer oral and dermal HEDs extrapolated from occupational HECs
were corrected to applyonsistent breathing rates assumptions.

Thefull set of hazardraluesused to evaluate risk from the exposure scenarios in this supplaraent
presentedn Table4-1.
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Table 4-1. Hazard Values Used for 1,4Dioxane in this Supplement

(general population)

risk based on
combined tumor risk

1.668 02 per ppm
4.3H 06

1.28 01(mg/kgd)'*
(extrapolated from oral

1.28 01(mg/kgd)' *

Scenario Inhalation Dermal etk
(Population) Endpoints HEC/IUR HED/CSE Oral HED/CSF Ur::certalnty Referencgs)
actors

Acute'shorttermnon- | Systemic liver 26.2 ppm 17.4 mg/kgd 17.4 mg/kgd 300 (Putz et al., 1979
cancer toxicity (94.5 mg/ni) (extrapolated from HEC) |(extrapolated from HEG (Mattie et al., 201p
(general population) 24 hours
Acute Systemic liver 78.7 ppm 17.4mg/kgd 17.4mg/kgd 300 (Mattie et al., 201p
non-cancer toxicity (284 mg/ni) (extrapolated from HE@) |(extrapolated from
(occupational) 8 hours HEC)
Chronic Olfactory epitheliun 0.846 ppm 0.56 mg/kgd 2.6 mg/kgd 30 (Kano et al., 2009
non-cancer effects attributed to| (3 mg/n¥) (extrapolated from HEC) Kasai et al., 2009
(general population) [systemic delivery |24 hours 7

(inhalation)?; liver | days/week

toxicity (oral)
Chronic Olfactory epitheliun 3.6 ppm 0.56mg/kgd 2.6 mg/kgd 30 (Kano et al., 2009
non-cancer effectsattributed to |(12.8 mg/nd (extrapolated from HE®) Kasai et al., 2009
(occupational) systemic delivery |8 hours, 5

(inhalation}; liver |days/week

toxicity (oral)
Cancer Inhalation cancer |IUR: CSE CSE (Kano et al., 2009

Kasai et al., 2009

NTP, 1986

combined tumor risl
at multiple sites
oral/dermakancer
risk based on liver
tumors

1.06 06
(Mg/mP)Tt
8 hours 5
days/week

CSF)

at multiple sites (ng/mP)' L CSF)

oral/dermakancer |24 tours, 365

risk based on liver |days/ year

tumors
Cancer Inhalation cancer |IUR: CSFE 1.26 01(mg/kgd)'* |CSE (Kano et al., 2009
(occupational) risk based on 3.76 03 per ppm | (extrapolated from oral |1.26 01(mg/kgd)'* Kasai et al., 2009

aDue to the uniform distribution of lesiofisather than a distribution consistent with airflpl#PA concluded that effects in the olfactory epithelium may be due to
systemic delivery rather than portal of entry effects hube (see discussion in the 2020 RE on p 183, p.188).

b Ocaupational HEDs extrapolated from occupational HECs were corrected as described in the correction memo
HEC = Human Equivalent ConcentratiddED = Human Equivalent Dos€SF= Cancer Slop&actor IUR = Inhalation Unit Risk
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4.2.1 Derivation of Acute/Short-Term Hazard Values

4.2.1.1 Inhalation HEC
The acutéshorttermHECs arebased on theowestobserveeadverseeffed concentratiofLOAEC) for
systemic liver toxicity observed in a shegtrm inhalatiortoxicity study in rats exposed 6 hours/day for
5 days/weekin the2020 RE EPA derived an HEC for-Bour occupational exposures by applying a
duration adjustment for ant8ur exposure anddosimetric adjushentfactor of 1(the default value
when the calculatedhtio of animal to human blood:air partition coefficieistgreater thad (U.S. EPA,
19941. The occupational HEC derived in the 2020 iRbBased omefault breathingateassumptions
and did nouseadjustments for occupational breathing saff®r thissupplementEPAalsoderived an
HEC for continuous general population exposures by applyingrm@dduration adjustmei the
original HEC

4.2.1.2 Oral and Dermal HEDs
In the absence of acubeal ordermaltoxicity studies, the acute/shadrm HEDwasderived from the
acuteHEC using routdo-route extrapolationAn acute HED for the general population was derived
from thedurationadjusted24-hour HEC using the following equation

dermal or oral HED (mg/kgl) = PODuec (mg/n?) x inhalation volume x 100% inhalation
absorption= body weight

where the inhalation volunfer the general populatids 14.7 ni/dayand body weight i80 kg based
onE P A Bxposure Factors Handbodkl.S. EPA, 201). Inhalation absorptiowasestimate based on
experimental datcom inhalationexposure inhumangYoung et al., 197;7Young et al., 1976that
indicated thafl,4-dioxane is readily absorbgldowever the available studies did not measure the
parameters needed generate guantitative estimate of the fraction absorbed. Given this qualitative
indication of rapid systemic uptaked the absence of quantitative inhalation absorption data, 100
percentinhalation absorption is assumed.

In the 2020 REanoccupationahcuteHED wasderived from the occupational HEC using the same

equation but with an inhalation volume for workers based on higher breathing\satesscribed in the
2023correction memg@?® that derivation was incorrect. Because the occupational HEC was derived
based on a normal general population breathing rate, the HED derivation should apply the same
breathing rate assumptions.i§bupplementor 1,4dioxaneuses theevised acute occupational HED

which is equal to the general population HED.

4.2.2 Derivation of Chronic Hazard Values

4.2.2.1 Inhalation HEC
Thechronic HEG arebased o BMCL 1o (i.e.,thelower confidencdimit of the benchmark
concentrationassociated with a benchmark response &6)ifor effects in the olfactory epithel
following inhalation exposugeto ratdor 6 hours/day, 5 days/week for 2 yedrsthe2020 RE EPA
derived an HEC for chronic worker exposures by applyidgration adjustment for 8 hours/day and a
dosimetric adjustment factor of(the default valueising the RGDR approach for systemic effedten
the calculated ratio of animal to human blood:air partition coefficients is greatek tbah. EPA,
19940). The occupational HEC derived in the 2020 RE used default breathing rate assumptions and did

13 Available athttps://www.regulations.gov/document/ERFQ-OPPT201607230099
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not adjust for occupational breathing ratest. thissupplementEPAalsoderived an HEC for
continuous general population exposures by applying an alternate duration adjustment for 24 hours/day,
7 days/week.

4.2.2.2 Oral HEDs
A chronic oral HED was calculated basedadsenchmark dose levé@BMDL) for liver toxicity
observedollowing chronic drinking water exposwg¢omale ratsand a nearly identical NOAEtalue
for liver toxicity in male ratsn a similarchronictoxicity study. In the2020RE, EPA derived an HED
by multiplying the nearly identicatodent BMDLand NOAEL valuedy (BWa/BW)®25, where BW is
the bioassagpecific rodent body weight, and BMé the default human body weight @ kg Because
the chronic HED idbased on a daily dose rate (as opposed to an intermittent exposure concentration), it
is equallyapplicable to both occupational and general population exposures and no additional
conversion is required.

4.2.2.3 Dermal HEDs
In the absence athronicdermaltoxicity studieschronicdermalHEDs werederivedfrom boththe
chronicHEC and fromthe oral HEDusing routeto-route extrapolationin the2020RE, the dermal
HED used foloccupationatisk calculationsvas extrapolated from thahronic workerHEC. For this
supplementEPA also derived an HEDdm the HEC for continuougeneral population exposure. The
durationadjusted chronic HEC for general populations was converted to a chronic HED for the general
population using théollowing equation

dermal HED (mg/ked) = inhalation BMDlyec (mg/n¥) x inhalation volume x 100% inhalation
absorption + body weight

where the inhalation volunfer the general populatids 14.7m%day (U.S. EPA, 201)for a 24hour
general population exposure and the body weight is 80 kg. As described above for the acute hazard
values, EPA assumed 1@@rcentinhalation absorptiarin the 2020 RE, an occupational HED was
derived from the occupational HEC using the same basic equation but with an inhalation volume for
workers based on higher breathing rald® difference inhe HEDs derived from occupational and
general population HECs reflect differences in breathing rate assumiotichetwo populatiors.

In the 2020 RE, an occupational chronic dermal HED was derived from the occupational HEC using the
same equation but with an inhalation volume for workers based on higher breathing rates. As described
in the correction memo, that derivation was incormBetause the occupational HEC was derived based

on a normal general population breathing rate, the HED derivation should apply the same breathing rate
assumptions. This assessment uses the revised occupational chronic dermal HED, which is equal to the
geneal population HED.

4.2.3 Derivation of Cancer Hazard Values
For cancer, thenhalation unit risk (IUR) valugvas derived usinthe MS-Combo modeto evaluate the
combinedcancerrisk for multiple tumorsites observeth maleratsfollowing inhalation exposure for 6
hours/day, 5 days/week for 2 yearsmor types included in the MGombo model include nasal cavity
squamous cell carcinoma, Zymbal gland adenoma, hepatocellular adenoma or carcinoma, renal cell
carcinoma, peritoneal mesothelioma, mammary gland fiboroadenoma, and subcutis fibrtb@2020
RE, EPA derived an IUR for chronic worker exposures by applying a dosimetric adjustment factor of 1
and a duration adjustment for 8 hours/dBye occupational IUR derived in the 2020 Riplied default
breathing rate assumptioasd did nouseadjustmets for occupational breathing ratd@se
occupational IUR wasundedo 1x10 © (ug/m?)' *for application in risk calculation&or this
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supplementEPAused tlatrounded occupational IUR tterive an IUR for continuous general
population exposurds 1,4dioxaneby applyingaduration adjustment for 24 hours/d&ydays/week

The oral and dermal cancer slope faetas derived using thdultistage Weibull Modefor theliver
tumors in female micthat had beeexposedtontinuouslyia drinking water. In the020RE, EPA
calculatedan HED for each tumor type by multiplying rodent doses by @BWn)°25 where BW is
the bioassagpecific rodent body weight and BWs the default human body weight @ kg. The CSF
wasthen calculated by dividinthe benchmark response ratesjty theHED. This CSF was applied to
both occupational and consumer/general population scenaiiugscenariespecificrisk benchmark
andlifetime exposue estimates

4.3 Strengths, Limitations, Assumptions and Key Sources ofUncertainty
in the Hazard and DoseResponse Analysis

All assumptions or uncertainties inherent to the human health hazard assasshtesgesponse
analysisthat werepeerreviewedin the 2020RE arestill applicable for thisupplementAs described in

the 2020 REEPA has mediuntonfidence in the acute naancer PODs anligh confidencen the

chronic norcancer POB for oral, dermla and inhalation exposureSPA has high confidence in the
cancer inhalation unit risk amdedium to higtconfidence in the oral and dermal cancer slope factor.
These conclusions are based on the factifiesé is a robust set of high quality chronic andcutonic
inhalation and oral exposuséudies in rats and micéhe available evidence demonstrates consistent
systemic toxicity and tumor formation in rats exposed via inhalation and in both rats and mice exposed
via drinking waterKey sources of uncertainty include limited data on some sensgfiweductive and
developmenta¢ndpoints, reliance on roudte-route extrapolation, uncertainty around thede of

actionfor 1,4dioxane carcinogenicityand the potential for subpopulations or lifestages with increased
biological susceptibility to 1;4lioxane Available mehods indicate potential higher inhaled doses in
young children than adults, consistent with-didxane specific studies integrating lifestage differences
in ventilation, anatomy and metabolism via CYPZB1S. EPA, 201 The preferred method to

guantify these lifestage differences is adigxane specific PBPK model; however, the available PBPK
models for 1,4dioxane are not adequate and there are not generally accepted default methods not
specific to 1,4dioxane. Ther®re, the air concentration is used as the exposure metric for all lifestages
and the 10x uncertainty factor accounts for these lifestage differences per EPA g(udanég A,

2012 19941.
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5 HUMAN HEALTH RISK CHARACTERIZATION

1,4-Dioxanei’ Human Health Risk Characterization (Section 5):
Key Points

EPA estimated cancer and noancer risks for each exposure pathway for a range of central tendency
high-end exposure scenarios. Overall confidence in risk estimates varies across exposure pathways
COUs, depending on the data and assumptions asiatitve exposure and risk estimates. Differences if
estimates between central tendency and-bighexposure scenarios nraflectboth variability across the
population and uncertainty in the exposure assessment.

9 Cancer and nenancer risks were evaluated farcapationalnhalation and dermalxposures to
1,4-dioxane present as a byproduct
O Cancer risk estimates for inhalation exposure range 4@&1.0 * to 1.9x10 * for central
tendency exposures addx10 1°to 7.4x10 3 for high-endexposures
O Cancer risk estimates for dermal exposure range &dril0 ’ to 7.3x10 2 for central
tendency exposures and frén@x10 © to 2.8x10 2 for high-end exposures

9 Cancer and nenancer risksvereevaluatedor drinking water exposuragsulting fromreleases to
surface water, includinfacility releases, dowthe-drain releases, hydraulic fracturing releases,
aggregate releases from multiple sources

O Risk from individual facilities vary substantially within and acr@€3Us, with cancer risk
estimates ranging from.4x10 **to 0.025

O Cancer sk estimats frommodeleddown-the-drain releases are highest in locations whej
large populations are contributing to these releases and where they are ultimately dis
to streams with low flow.

O Cancer sk estimatesfrom modeledhydraulic fracturing waste releasesstoface wateare
3.9x10 8 for median modeled releases anBix1.0 © for 95th percentile modeled releases

O Probabilistic modeling providesdastribution of risk estimates reflecting a range of
drinking water scenaridbat account for aggregate sources ofdigkane in water.

9 Cancer risks we evaluated for drinking water exposures resulting from releases to land with
potential to reach groundwater.
O Risk estimatesrom landfill leachate are highest under disposal scenarios resultighier
1,4-dioxane concentrations in leachate and higher landfill loading rates
O Cancer sk estimates for drinking water exposures resultiogn hydraulic fracturing wastg
released to larigroundwaterange from4.0x10 ’ for median modeled releases8iéx 10 ©
for 95th percentile modeled releases

1 Cancer and nenancer risks were evaluated for general population exposure-dtiiokahe in air.

O Cancer risk estimatesifindustrial airreleases reported to TRiere generally highest
within 1,000 m of the facilities and lower at greater distances.

O Cancer risk estimatesithin 1,000 mof hydraulic fracturing operatiomangefrom 0.2x10 8
to 7.1x10 ® for a range of model scenariasross a range of higénd and central tendency
release scenarios.

O Cancer risk egmates within 1000 m of industrial and institutional laundriesge from
1.5x10 ' to 3.8x10 8 across a range of higénd and central tendenair concentrations
modeled for maximum releaseenarios
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5.1 Risk Characterization Approach

The exposure scenarios, populations of interest, and toxicological endpoints used for evaluating risks
from acute and chronic exposures are summabeé&uivin Table5-1. To estimateaisks from

occupational and general population exposure scenarios evaluated in this supplement, EPA used the
same methods described in the 2020 &Esummarized below

Table 5-1. Use Scenarios, Populations of Interesand Toxicological Endpoints Used for Acute and
Chronic Exposures

Workers @

Acutei Adol escent ( Oddélt werkes exposeartodgti @xan e f oour exposse
Chronici Adol escent ( Oddalt wgries exposad todi amane fomowt he
workday for 260 days per year for 40 working years

Populations | General Population Drinking Water Exposures®

of Interest Acutei Adults, children, and formulded infants exposed to Xdioxane through drinking water over a-2

and Exposure hour period

Scenarios Chronici Adults, children, and formukded infants exposed to tdioxane through drinking watéor 33 or
78years®

General Population Ambient Air Exposure ©
Acutei Peopleexposed to 14ioxane through ambient air over a-Bdur period
Chronici Peopleexposedo 1,4dioxane through ambient air continuougy 33 or 78years®
No n c &cute/8hort-term Hazard Values
Sensitive acute/sheterm health effectiver toxicity
Acute Uncertainty Factor@Benchmark MOE} 300(UFa = 3; URy = 10; UR = 10)
1 8-hour HEC (occupationaéxposurekr 78.7 ppm
1 24-hou HEC (continuouggeneral population exposure6.2 ppm
1 AcuteOral andDermal HED ¢ccupational andeneral population exposure)l7.4 mg/kg
Non-cancer Chronic Hazard Values
Sensitive chronic health effects:
1 Liver toxicity (oral)

:fef::;{ths 9 Effects on the olfactory epitheliudiue to systemic exposur@shalation and dermal)
' ChronicUncertainty FactorBenchmark MOE¥ 30 (UFa = 3; URy = 10)
Hazard .
I HEC (8hour occupational exposure)36 ppm
Values and HEC (contin X neral lation ex 0.846 ppm
Benchmarks (continuous exposugeneral population expos)re 0. pp

1
9 Oral HED(for both occupational and general population scenaxi@s$ mg/kdday
1 Dermal HED (extrapolated from HEGor both occupational and general population scerarios
0.56 mg/kgday
Cancer Hazard Values
Inhalation cancehazardfor 1,4-dioxane is based on combined turhazardat multiple sites

T TUR (occupational) = 3.7ET03 per ppm
T T'UR (continuous) = 1.6ET02 per ppm

Oral and dermal canceazard for 1,4dioxane are based on liver tumors following oral exposures
1 Oral/der mal sl omgkgdag’ltt or = 1. 2ET01

MOE = margin of exposure; UF= Interspecies uncertainty factor for animt@human extrapolation; UF= Intraspecies
uncertainty factor for human variability; UE LOAEC-to-NOAEC uncertainty factor for reliance on a LOAEC as the P
a Adult workers Q16 years old) include both female and male workRisks to ONUs were not calculated separately be
exposure data were navailable for ONUs for the OESs being evaluaiidks to ONUs are assumed to be equal to or |
than risks to workers who handle materials containingdig#ane as part of their job.

bThese scenarios are used to evaluate potential riskslfébdioxane in surface water, drinking water sources and
groundwater that may be used as drinking water.

¢Inhalation exposures are described in terms of air concentrations and do not include {destifireadjustments; risk
estimates based on air concentrations are intended to address risks to all lifesaGextiod.3).

433 years ighe 95h percentile residential occupancy perindEPAS Exposure Factors Handbodk).S. EPA, 201},
Chapter 16, Table 15; 78 years is equal to the duration of a full lifetime used in these analyses
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5.1.1 Estimation of Non-cancer Risks
EPA used anargin ofexposure (MOE) approach to identify potential reancer risks. The MOE is the
ratio of the norcancer POD divided by a human exposure dose. Acute and chronic MOEs-for non
cancer inhalation and dermal rsskere calculated using the following equation:

0¢¢ @ide cOmig i dx § G0

000
O6adBwnei o0i Q

Where:
MOE
Hazard valugPOD)
Human Exposure

Margin of exposure (unitless)
HEC (ppm) or HED (mg/kgl)
Exposure estimate (in ppm or mg/dy

MOE risk estimatesay be interpreted in relatida benchmark MOEs. Benchmark MOEs tygically

the total UF for each noisintecpeetecsendicath@DumarThesth MOE e
risk if the MOE estimates less than the benchmark MOI(, the total UF). On the other hanf the

MOE estimates equal to or exceeded the benchmark M@k is not indicatedTypically, the larger

theMOE, the more wunlikely it i sreldtie#theleenchnsark cance
When detemining whether a chemical substance presents unreasonable risk to human health or the
environment, calcul at eldi me & ki reditd atadres @fr eumrod a

discretion to consider other risklated factors apart from kis identified in risk characterization

5.1.2 Estimation of Cancer Risks
Extra cancer risks for repeated exposures to a chemical were estimated using the following equations:

O & O O @EEENCQR] WO 6 (o é i 60WY
or
Dermal/Oral CancefY Qi @6 & (Gwn € i 04 "VO

Where:
Risk = Extra cancer risk (unitless)
Human exposure = Exposure estimate (LADC in ppm)
IUR = Inhalation unit risk
CSF = Cancer slope factor

Estimates of extra cancer risks are interpreted as the incremental probability of an individual developing
cancer over a lifetime following exposuiee., incrementalpr extra individual lifetime cancer risk).

5.2 Human Health Risk Characterization

5.2.1 Summary of Risk Estimates forOccupational Exposures
EPA estimated cancer and noancer risks for workers exposedltd-dioxanebased orthe
occupational exposure estimatkat weredescribed in SectioB.1 Risks to ONUs were not calculated
separatelypecause exposure data were not availabl®MUsfor the OESsbeing evaluated. Risks to
ONUs are assumed to be equal to or less than risks to workerbamgtematerials containing 1;4
dioxane as part of their job.
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Below are summaries of the candsk estimates fotheinhalation and dermal exposu@swell as key
sources of uncertainfpr all occupational exposure scenarassessed in this supplementese risk
estimates are based on expostwegorkersin the absence ¢tPEsuch as gloves or respiratogection
3.1.2.4contains an overall discussion on strengths, limitations, assumptions, and key sources of
uncertainty for the occupational exposure assessment. AdditioApfendix Fcontains a
comprehensiveveight of scientificevidencesummarytablewhich presents an OES/-OES discussion
of the key factors that contributed to eaafight of scientificevidenceconclusionResults for the risk
calculations andccupationaDES/COUs from the current analysis as well as those previously
presented in the 2020 RE are availabl&,/siDioxaneSupplementanformationFile: Occupational
Exposure and Risk Estimatgs$.S. EPA, 2024))

Risk estimates vary across OES/COUs. Because cancer risk is the primary risk driver in most exposure
scenarios, this summary of results focuses on cancer risk estimates. For 7 of the 10 COU subcategories
evaluated, higtend cancer risk estimates were abbve 10,000. For many of those COUs, acute

and/or chronic nomrancer risk estimates were below the corresponding benchmark MOEs, indicating
that noncancer risks may also be a concern. Cancer risk estimates for inhalation exposuir@mange
4.8x10 *to 1.9x10 # for central tendency exposurasd4.8x10 19 to 7.4x10 2 for high-endexposures.

Cancer risk estimates for dermal exposure range &:dm10’ to 7.3x10 3 for central tendency

exposures and from.0x10° to 2.8x10 ? for high-endexposures. Risks are highest for PET

manufacture, hydraulic fracturing operations, ethoxylation processes, and textile dyes. For these OESs,
cancer risk estimates were greater than 1 in 10,000 for both central tendency ssntregposures.

For these OESs, the key uncertainties includéduinexposure monitoring data, age of data,
representativerss of key modeling parameters, and the extent to which the data collected under past
practices and operations are representative of modern practice and operations

Overall confidence in risk estimates for occupational inhalation exposures rangdsvirtarhigh,

depending on theonfidence irexposureassessmeribr eachOES/COU As described in Sectioh 3,

overall confidence in the cancer inhalation unit risk underlying these risk estimates ikshagscribed

in Section3.3.1.1 the neasurecandmonitoredinhalation exposurdata are supported by moderate to
robust evidenceAdditionally, the exposure modeling methodologies and underlying model input data is
supported by moderate to robust evidence. However, there is uncertainty in the representativeness of the
assessed exposure scenarios towards all potential exposuresdivetn OES/COU, limitations in the
amount and age of monitoring data, and limitations in the modeling approaches towalidgdné

specific use within the OES/COU. Therefore, while the underlying data and methods used to estimate
occupational inhalatiorisk is supported by moderate to robust evidence, the overall confidence of these
estimatesanges fromow to high depending on the OES/COKky exposure considerations along with

the corresponding risk estimates are below

1 Industrial/l Commercial Use ofTextile Dye. Risk estimates were derived using personal
breathing zone and area monitoring data collefrtad 1991 to 201@t four facilities linked to
the use of textile dye€ancer risk estimates for inhalation exposure range #rori0 *for
central tendency exposuresadx10 2 for high-end exposures. However, there is uncertainty in
the risk estimates. The monitoring data used in this analysis are limgteti4 samples from
four sites). It also is not known how manufacturing processes and workplace conditions have
changed since the 1990s, when approximately half of the data was collected. For iEftAnce,
does not have information available abthe actual activities of the sampled workers and the
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representativeness of the facility engineering controls to the modern pre€&isédentified this
uncertainty and solicited public comment but did not receive further information on this COU

Industrial/ Commercial Use of Antifreeze Risk estimates were derived from occupational
exposures modeled using Monte Carlo simulationghi®mworker activity of container

unloading. Cancer risk estimates for inhalation exposure rangetféxh0 ! for central

tendency exposures #08x10 ° for high-end exposures. However, there is uncertainty in the

risk estimates. Specifically, there is uncertainty as to the representativeness of some of the model
input data and, therefore, subsequent calculated exposures to the actual distribution of antifreeze
ocaupational exposures. This is due to limitations of using generic industry values identified for
the automotive industnAlso contributing to the uncertainty is tHalPA useduse rates from the
consumer exposure model commercial/industrial use in thedvite Carlo modeling.

Industrial/ Commercial Use of Surface CleanemRisk estimates were derived using 49 personal
breathing zone samplésken in 201%luringthe useof surfacecleanersn domestickitchensand
bathroomsCancer risk estimates for inhalation exposure range &8a10  for central

tendency exposures 807x10 © for high-end exposures. However, there is uncertainty in the risk
estimates. Specifically, the monitoring data summary did not provide discrete monitoring points
and only provided summary statistics such as the geometric mean and maximum. Therefore,
EPA couldnot calculate th&0th and 95th percentile exposurgko, it is uncertain the extent to
which the cleaning activities captured in thiady reflect albccupationasurface cleaning
scenariosas theyweremeasuredn a consumer setting.

Industrial/ Commercial Use of Dish Soap and Dishwasher Detergemisk estimates were
derived from occupational exposures modeled using Monte Carlo simulatidhe feorker
activitiesof container unloadingnd cleaning dishe€ancer risk estimates for inhalation
exposure range fros4x10 7 for central tendency exposuresstdx10 © for high-end

exposures. However, there is uncertainty in these risk estirbateso a lack of data specific to
1,4-dioxane for this use, EPA used industpecific data from a public comment along with
standard default values from sources like the ChemSTEER User Guide for the model input
parameters. In addition, the use rate ofidisaps in the model is basedvatuesfrom the
Consumer Exposufdodel which wereadjustedor commercial use. This approach adds
uncertainty to the assessment

Industrial/ Commercial Use of Laundry DetergentRisk estimates were derived from
occupational exposures modeled using Monte Carlo simulations for the worker activity of
unloading detergent into machines, container cleaning, and laundry operations. For industrial
laundries, cancer risk estimates for viajphalation exposure randgem 3.3x10 7 for central
tendency exposures 100x10 ° for high-end exposures. For institutional laundries, cancer risk
estimates for vapor inhalation exposure rainge 2.5x10 7 for central tendency exposures to
7.9x10 ® for high-end exposures. In both cases, cancer risk estimates for total particulates
inhalation range fror2.2x10 & for central tendency exposuresa®x10  for high-end

exposures. Cancer risk estimates for respirable particulates inhalation ran&eskbeh® for

central tendency exposures@x10 ’ for high-end exposures. However, thds uncertainty in

the risk estimates. Specifically, there is uncertainty as to the representativeness of some of the
model inputs and, therefore, subsequent calculated exposures to the actual distribution of laundry
detergent occupational exposures. Tfidue to limitations of using generic industry values
identified for institutional and industrial laundries.

Industrial/ Commercial Use of Paint and Floor LacquerRisk estimates were derived using 17
personal breathing zone samples collectedIySH in1987 at a military vehicle painting site.
Cancer risk estimates for inhalation exposarege fromB8.0x10 °for central tendency exposures
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to 5.9%10 “ for high-end exposures. However, there is uncertainty in the risk estimates. The
monitoring data used in this analysis are limitegl (17 samples taken at one site). It also is not
known how processes and workplace conditions have changed since 1987. For iBStAnce,
does not have information available abtie actual activities of the sampled workers and the
representativeness of the facility engineering controls to modern pr&fiéedentified this
uncertainty and solicited public conemt, but did not receive further information on this COU.

1 PolyethyleneTerephthalate (PET)Manufacturing. Risk estimates were derived using
personal breathing zone monitoring data collected from 1985 to 1994 at five facilities linked to
PET manufacturingand personal breathing zone and area monitoring data from two public
commentgcollected 1998023, and 2019)Cancer risk estimates for inhalation exposure range
from 2.8x10 “for central tendency exposures t82L0 3 for high-end exposures. However,
there is uncertainty in the risk estimatgth respect to the 1994 data sintesiunknownhow
manufacturing processes and workplace conditions have chdngettlition, there is
uncertainty in the representativeness of the monitoring data for all sites and worker activities in
this OES

1 Ethoxylation ProcessesRisk estimates were derived usieight personal breathing zone data
points from a public comment for the worker activities of unloading and laboratory activities. In
addition,one composite-8our timeweighted average personal breathing zone sawgxe
collected from one worker in 2000 at a soap and detergent manufacturing.f@eiticer risk
estimates for inhalation exposure range féix10 * for central tendency exposures té>8.0 4
for high-end exposures. However, therairgertainty in the risk estimatéBhere is uncertainty
as to the worker activities covered by this monitoring data and whether all foreseeable activities,
corresponding exposures, and workplace operations are represented.

T Hydraulic Fracturing Operations. Risk estimates were derived from occupational exposures
modeled using Monte Carlo simulations for the worker activities of container unloading,
container cleaning, and equipment cleaning. Cancer risk estimates for inhalation exposure range
from 2.2x10 © for central tendency exposureséx10 # for high-end exposures. However,
there is uncertainty in the risk estimates. Specifically, there is uncertainty as to the
representativeness of some of the model input data and, therefore, the subsequent calculated
exposures to the actual distributionhgraulic fracturing occupational exposures. This is due to
limitations of using generic industry values identified for the hydraulic fracturing industry as
well as selreported values from FracFocus as model parameters. FracFocus data may not fully
represent operations across multiple sites throughout the United States as only certain sites
volunteered to submit data.

Overall confidence in risk estimates for occupational dermal exposures is medium for all OBS/COU
because the same modeling approach was used for all OES/@®Uescribed in Sectioh3 overall
confidence in the oral and dermal cancer slope factor underlying these risk estimmegdsii to high

As described in Sectid®3.1.2 the dermal exposure modeling methodology is supported by moderate
evidence, with model input parameters from literature sources, a European model, standard defaults
from theChemSTEER User Guidé&).S. EPA, 20151 and 1,4dioxane product concentration data from
process information. These sources range from slight to robust, depending on factors such as age and
applicability to OES/COU. The modeling is limited by the use of standard input parameters that are not
specific to 1,4dioxane and a lack of variability in dermal exposure for different worker activities.
Differences in the dermal exposure modeling across COUs are driven primarily bg&0ific weight
fractions of 1,4 dioxane and the independent assessment of evaporative impacts in commercial and
industrial settingsT her ef or e, EPAG6s overall confidence 1in
medium.
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5.2.2 Summary of Risk Estimates for theGeneral Population

5.2.2.1 Drinking Water 1 Surface WaterPathway
Risks from drinking water exposures were evaluated using a series of analyses that provide information
about the specific contributions of releases associated with individual OESs as well as information about
aggregate exposures and risks that could ré&suft multiple sources releasing to the same water body.
Because mosktasonablyavailable surface water and drinking water monitoring data are Hotated
with 1,4-dioxane release sites, this analysis relies primarily on drinking water concentrabideled
based omeasonablyavailable release information. Risks predicted base@asonablyavailable
monitoring data are presentedsi2.2.1.1

EPA estimated¢ancer and nenancerisksfor adults, children, and formufed infants exposed to 1,4
dioxane in drinking wateAll risk estimates presented in this summary focus on the scenario with the
greatest potentiaxposureandrisk. Because adult drinking water exposures relative to body weight are
greater than exposuresative to body weighdverageaver the course of childhodds illustrated in
1,4-Dioxane SupplementéiformationFile: Drinking Water Exposure and Risk Estimatesif@

Dioxane Release to Surface Water from Individual Facil{ies. EPA, 2024)) the 33- yeardrinking
water exposurscenario with the greatest lifetime cancer risk is 33 yeadsmfing waterexposure as

an adult.Similarly, because cancer risk is the primary risk drivenost exposure scenarios, this
summary of results focuses cancer risk estimateglore comprehensive sets of risk estimates for non
cancer effects and other exposure scenarios are presented in the supplemental files referenced
throughout this section.

While most cancer risk estimates summarized in this section are based on exposures resulting from 33
year exposure durations and mean drinking water ingestion rates, longer exposure durations or higher
drinking water ingestion rates would result in greatgrosure and risk. Individuals exposed over a full
lifetime (78 years) could hawxposure and rispproximately2.3 times greater tharmbse calculated

for 33 years of exposur@s some people may live in a community near releases for longer durations,
EPA agrees with the SACC recommendation to utilize a full lifetime of exposure for assessing lifetime
cancer risks for fenceline communitiésetime cancer risk estimates based oth§rcentile drinking

water ingestion rates could result imo34 times higher exposures and risks than those based on mean
ingestion rates, depending on the age gsayposeddescribed irAppendix ). Althoughconsideration

of alternate exposure factors such as lifetime and ingestion rates result in increased risks of less than an
order of magnitude, where the original estimates are close to the applicable benchmark, this could result
in changes to overall ristonclusions.

Drinking water exposure and risk estimates are highly dependent on the amourdiokdne released

and the flow of the receiving water body. Both of these factors vary substantially across facilities within
each COU/OES, making release amount and flmehmmore important predictors of risk than a
facilityds identified COU/ OES. Exposure and ris
drinking water intake downstream of a release and the degree of dilution that occurs between the point
of release and the drinking water intalkdany of tre risk estimates presente@dthe ctionsthat follow

(for facility-specificreleasesDTD, hydraulic fracturing, and aggregate modéliagsume that no

additional downstream dilution occurs prior to reachdrigking water intakesThis represents an upper

end estimate of exposure and risk based on the available data and the potential for intakes to be directly
downstream of a releasing facilitgPA conducted further analysis of the facH#yecific réeasego

consider the potential impact of downstream dilution on actual concentratidmskatg water intakes

and resultingisk estimatesEven when accounting for dilution between known releases and identified
drinking water intake locations, water concentrations estimated at drinking watesjiriatences of
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cancer risks greater than 1 in 1 million for some public water systems are identified. Proximity of
releases to drinking water intakes and dilution are further discussed in S8tha.4AppendixG.2.4
and Sectiorb.2.2.1.2

1,4-Dioxane is not readily removed through typical wastewater or drinking water treatment processes.
Therefore, he drinking water risk estimates presented below are derived based on the assumptions that
drinking water intakes are located near-didxane release sites and that nodigkane is removed by
POTWs or through drinking water treatmedse of source water estimated concentrations ef 1,4

dioxane to calculate cancer risk estimatesissideregrotective of alkystemsTheseassumptionare
furtherdiscussed irsection2.3.1.YAppendixG.1.2.

5.2.2.1.1 Risks from Exposure to Drinking Water Concentrations Indicated in
Finished Drinking Water Monitoring Data

EPA evaluated risks for l-dioxane concentrations reportediie reasonablgvailable finished
(treated) drinking water monitoring data. Monitoring data included in this analysis were from
generalized, broad monitoring strategies, rather than targeted efforts to assess areas of known
contamination. As previously illustratedfigure2-10, 1,4-dioxane was below limits of detection for 89
percentof finished drinking water samples included in UCMR3 and state databadss5-2
summarizes the distribution of lifetime cancer risk estimates frordi®y&ne concentrations detected
in finished drinking water reported in these databases (described in S8tibd). This drinking water
monitoring data provides evidence that-didxane is present in some finished drinking water and may
contribute to cancer risks in locations at tiigh-endof monitored drinking water concentrations.

Monitoring data may not include the full range of-tljidxane concentrations that result from industrial
releases. As discussed in Sect8.1.] available drinking water monitoring data do not necessarily
capture locations that are most impacted by releases temporally or spatially and they often reflect
concentrations at a single point in time rather than average concentrations. Howeverjlzeddascr
AppendixG.2.3.2 in locations where monitoring data are available near release sites, comparisons
demonstrate strong consistency between model ed
of drinking water risks therefore primarily relied on modeled estimdtéglalioxane concentrations

that occur near release sites.
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Table 5-2. Lifetime Cancer Risk Estimates forl,4-Dioxane Concentrations Detected in Finished
Drinking Water

Percentile Drinking Water Monitoring Data
Min 5% 25% Median 75% 90% 95% Max
Water conc[2.008 03 |3.50H 02 |3.50H 02 [3.508 02 |3.508 02 |7.938 02 |0.16 13.3
(Ho/L)

Lifetime 4.02H 11 |1.95B08 |1.95B08 |1.95H08 |8.37H 08 |2.798 07 |3.46H 07 |7.42H 06
Cancer Risl

Lifetime cancer rislestimats arebased on mean drinking water ingestion rates over 33 years of oral exposure
through drinking water as an adult. Lifetime cancer risk estimates for a full 78 years of exposure would be 2.
greater than the risk estimates presented here. Similgetime cancer risk estimates based on 95th percentile
drinking water ingestion rates would be approximatély tnes greater, depending on the age groups exposed
Percentiles reflect concentrations across the distribution of available drinking watesrmgrdata (this distribution
includes nordetects as half the detection limit).

5.2.2.1.2 Risks from Exposuresto Water ConcentrationsModeled from Industrial
Releases

To estimatehe contribution ofndustrialreleaseso general population risks frodrinking water EPA
calculatedcancerand norcancer risk estimates basedrmadeledsurfacewater concentrations
receivingwater bodieslescribedn Section2.3.1.3.1andtheresultingdrinking waterexposures
calculated as described in Sect®@.2 Because there is substantial variation and uncertainty around
the extent oflilution that may occuin the receiving water bodyetween the point of release and the
locations of drinking water intakeEPA calculated cancer risk estimates under a rangmsbnable
downstreandilution assumptions.

Figure5-1 shows the distribution of cancer risk estimates for industrial releggeded to TRI and

DMR, assuming that concentrations at drinking water intakes are the same as concentrations that occur
at the point of release after initial mixing in the receiving water bBelged on available data, this is a
plausible scenario in some locatiohgetime cancer risk estimateme basedn median drinking water
ingestion rates oved3 years of exposure as an adult eantje frombs.41x10 B to 2.54x10 2. The

median cancer risk estiméta these modeled concentratida®.32¢10 © and the 98 percentile risk
estimate igt.92x10 3. Lifetime cancer risk estimates for a full 78 years of exposure would be 2.26 times
greater than the risk estimatesmsed on 33 yearSimilarly, lifetime cancer risk estimates based on 95th
percentile drinking water ingestion rates would be approximatdlyilBes greater, depending on the

age groups exposeficuteand chronicmon-cancer risk estimatdsr some facilities (data not shown)
alsoindicate potential for nogancer risk relative to benchmark MOB$is analysisrepresergan

upper boundirinking waterexposure scenario in which intakes rxcatednearthe point of release or in
which minimaladditionaldilution occurs downstrean@omplete cancer and naancer risk estimates

for facility and OESspecific releases are presented #iDioxane SupplementaiformationFile:

Drinking Water Exposure and Risk Estimates forRidxane Release to Surface Water from Individual
Facilities (U.S. EPA, 2024
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Figure 5-1. Distribution of Adult Lifetime Cancer Risk across all
Facilities, AssumingNo Additional Dilution Occurs between the Point of
Release and the Location of Drinking Water Intakes

There is substantial variation in cancer risk estimates both within and across OESs. The large ranges of
modeled water concentrations and corresponding risk estinedliess thelarge differences in the

amount of 1,4ioxane released from fadiks the magnitude of flow within the receivimgater bodyor

both.

For facilities where specific release amounts or locations are not reported, release amounts and flow
rates are based on conservative assumptions thatasialy in highrisk estimates. There is uncertainty
around risk estimates for those facilities with limited release information, but fespkigific

information on release amounts and locations was available for most facilities. Thereforéailhite
specificrisk estimates based on facilities with limited information should be interpreted witbrgaut

most estimates are informed by moderate to robust modeling approaches and inpuot dietiermine

the extent to which inclusion of facilities with limited release information influences the overall
distribution,EPA repeated this risk estimate analysissented ifrigure5-1 using only facilities for

which high quality release data are availgbligure5-2). Specifically, this additional analysis is limited

to facilities for which the annual release amount was sourced from either TRI Form R or DMR, and the
receivingwaterbody each code was identified in the facil
direct and indirect releases evaluated in this section, 80 met these strict data criteria. The resulting
distribution of risk estimategresimilar to the results of the analysis including all facilities, ranging

from 5.41x10 3 to 2.54x10 2, with a median 08.51x10 7 and 9%h percentile o#.92x10 3.
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Figure 5-2. Distribution of Adult Lifetime Cancer Risk across Facilitieswith
High Quality Release Data Assuming No Additional Dilution Occursbetween
the Point of Release and the Location of Drinking Water Intakes

The risk estimates summarizedrigure5-1 andFigure5-2 rely on the assumption that concentrations

at drinking water intakes are the same as concentrations estimated near the point of release. To evaluate
the validity of that assumptioEPA consideredhe proximity of release sites to downstream drinking

water intake locations for community and raymmunity nortransient PWSs. As shown Trable5-3,

of the 69 facilities with cancer risk greater thari@ 8, 22 (326) have a downstream drinking water

intake within 250 km and df thosehave a drinking water intake within 10 km. A detailed description

of this analysis is provided in Appendi2.4

Table 5-3. Proximity of Nearest Downstream Drinking Water Intakes to Facilities Resulting in

Cancer Risk Greater than x10'°

Total Facilities | Facilities with Cancer|DWI within | DWI within | DWI within | DWI within | DWI within
Evaluated Risk>1 ET 0 6| 250 km 100 km 50 km 25 km 10 km

120 69 22 17 11 7 4

Theportion of 1,4dioxanethat remains after the additional dilution that occurs avek downstream
is highly variable based on sigpecific characteristicsangng from less than percento nearly 100
percentof the original concentratior{&igure5-3). The sitespecific factors that influendais additional
downstreandilution may not be fully captured in a natiorsalale assessmentaged on available site
specific information for each facility, the mean modeled dilution predicted at downstream drinking
water intakes igliluted tol percentof original concentrations estimated in receiving water batkes
the point of release.
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Figure 5-3. Distribution of Dilution of 1,4-Dioxane Concentrations at Downstream
Drinking Water Intakes

Figure5-4 shows the distribution of cancer risk estimates for industrial releases, assuming that
concentrations at drinking water intake locations are dilutecprdentof the originall,4-dioxane
concentrationgn surface wateestimated at the point of release. Lifetime cancer risk estirfatdsese
modeled concentratiomange fromb.41x10 °to 2.54x10 4. The median cancer risk estimate is
8.51x10 ° and the 9th percentile risk estimate #&92x10 °. Thisrepreserga plausible drinking water
exposure scenarimonsistent with mean modelddwnstreandilution predicted across all facilities
based on available sigpecific information.
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Figure 5-4. Distribution of Adult Lifetime Cancer Risk across allFacilities,
AssumingDilution to 1% of Initial Concentrationsin the Receiving Water Body

In addition to estimatingow the overall distribution afancer riskestimates would shiftased on a

standard assumptiaf downstreandilution to 1 percentof original concentrationg@s shown irFigure
5-4), EPA also estimated water concentrations and risks that may occur at specific drinking water
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intakes located downstream of releasing faciljitiesed on locatieapecific estimates of dilutior-or
the 22 facilities with cancer risk greater than 1 in 1 million and drinking water intakes located within
250 km downstream, EPA identified downstream intakes associated with 73 distinct PWSs.

Even when accounting for sipecific influences on dilution, EPA modeled concentrations that would
result in adult lifetime cancer risk in excess of 1L million at intakes for 2@f thePWSs identified

through this assessment, serving a combined population of 2,124,000 people. Adult lifetime cancer risk
estimates were greater than 1 in 100,000 for 5 of these public water systems, serving a combined
population of 834,000 people. This aygas also identified locations with multiple releasing facilities
upstream of the same drinking water intake; however, in all such cases the aggregated adult lifetime
cancer risk calculated at the intake for the aggregditetd concentration was less than 1 in a million.

A detailed description of this analysis is provided in Appe@lix4 Overall confidence in these
dilution-adjusted risk estimates is high for drinking water intakes located at or near the point of release,
but confidence decreases substantially with increasing distance downstream. This analysis does not
provide a comprehaive survey of modeled tdioxane concentrations at all drinking water intakes.
There may be additional drinking water intakes downstream of facilities releasidgpgase that are

not accounted for in the intake database used in this analysis.

Overall, these analyses indicate that in many locatoimsnstreandilution may be expected to
substantiallyeduce 1,4dioxane concentratiors the point of drinking water intakes. However, even
when accounting for dilution, upstream industrial releaspsrted to TRI or DMRontribute to cancer
risk estimates greater than 1 in a million or 1 in 100,0¢®eivndrinking water intake locations.

The set of distributions presentedrigure5-1, Figure5-2, andFigure5-4 indicate that high risks can

occur in specific locations downstream of release sites due to factors suckias tifghe releasing
event(s), stream flow volume, proximity of the release site to drinking water intake, and limited drinking
water treatment removal from typical treatment methods

Overall confidence ithe overall distribution ofisk estimates for drinking water exposures resulting
from facility releases isnedium to highOverall confidence in sitepecific risk estimates fandividual
facility releases varidsoth within andacross OESdepending on the confidence in the sotspecific
release dataAs described in Sectiof.3 overall confidence in the oral and dermal cancer slope factor
underlying these risk estimatesmedium to highAs described in Sectidh3.2.1 theoverallexposure
modeling methodology used for this analysis is supported by moderate evidence. It is designed to
estimate water concentrations expected at specific locakapssure estimates for this scenario are
based on some conservative assumptions aboutdli®s and release frequency and amdemt.most
COUs, this analysis is limited to facilities thraport via TRI and/or DMROther sources releasing
smaller amounts of 1;dioxane are not directly capturedvailable monitoring data confirm that 1,4
dioxane is present isomesurface water and drinking water, though most of the available data were not
collected near release sites are therefore not directly comparable.

The overall level of confidenda facility-specific release estimatasd resulting risk estimateepends
on the source dherelease data described in AppenHiS.

1 Overall confidence in drinking water exposure estimates is medium to high for OESs/COUs that
rely primarily on release data reported to DMR or to TRI via Forfést COUs/OESs are
included in this group.

9 Overall confidence in drinking water exposure estimates is medium for OESs/COUs for which
release estimates are based on reporting to TRI via FofitheAmport and repackaginQES
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releases used in this analysis are entirely based on Form A reporting of releases, and just under
half of the Industrial Uses OES releases were reported via Form A.

Althoughconfidence in facilityspecific risk estimates varies, estimates for most facilities are informed
by moderate to robust modeling approaches and inputflataermore, the overall distribution is not
meaningfully altered by exclusion of faciligpecific data based on more limited release information (as
illustrated inFigure5-1 andFigure5-2). There is somencertainty around the proximity of releases to
drinking water intake locations and the extent to whichdlggane is further diluted prior to reaching
intake locations. EPA therefore estimated distributions of cancer risk estimates under a range of
assunptions about downstream dilution, reflecting the range of plausible drinking water intake
scenarios, as indicated by available-specific information.

5.2.2.1.3 Risks from Exposuresto Water Concentrations Modeledfrom DTD
Releasegfrom POTWSs), Assuming No Downstream Dilution

EPA evaluated the potential contribution®FD release®f consumer and commercial products to
drinking waterexposure and rislSurfacewater concentratiorat the point oDTD releasesia POTWSs
are primarily determined by the size of the population contributiiId releasse and the flow rates of
receiving water bodieRisk estimates presented in this section are not tikdden releases at specific
locations. Rather, this analysis defines the conditions wmdieh DTD releases would result iraxying
levels of risk.Further information on the specific COUs contributing to DTD releases and the
contributions of each are presented in Appefiali2.3.4andTable ApxG-4.

Cancer risk estimates shownTiable5-4 were calculated based drinking water exposure estimates
presented itsection3.2.2.1.2 which correspond teurfacewater concentrationsstimatedy
probabilistic modeling oDTD releases under varying population sizes and stream fldvesesulting
risk estimates indicate thask is highestn locations where large populations are contributinD T®
releasesnd those releases are ultimately discharged to streams with lowCimeer risk estimates
greaterthan 1 in a million were seen in combinations of populationasizigeceiving waterbodflow
rates thatan be foundcross the countrAreas with drier climates may be more likely to have
intermittent streams and generally have greater likelihood for elevated environmental concentrations of
1,4-dioxane resulting from DTD loading via POTWs. Howeveview of a limited dataset of POTW
data demonstrated that the conditiong ale5-4 resulting in higher levels of risk do occur on a-site
specific basis throughout the country, regardless of climate
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Table 5-4. Lifetime Cancer Risk? Estimates fromDTD ReleasesAlone (at the Point of Release)
under a Range of Population and Flow Rate Scenarios

Population Contributing to Down -the-Drain Releases
100 1,000 10,000 100,000 | 1,000,000
100, 6.11H09 6.11H 08 6.11H 07 6.11H 06 6.11H 05
300 2.04E09 2.04B08 | 2.04E07 | 2.04H06 | 2.04H05

Annual
Average 1,000 6.11H 10 6.118 09 6.11H 08 6.118 07 6.118 06
Stream Flow 3,000 2.04B 10 2.048 09 2.04H 08 2.048 07 2.048 06
(cfs)

10,000 6.11H 11 6.11H 10 6.11509 | 6.11H08 6.118 07
30,000 2.04H 11 2.04H 10 2.04509 | 2.04H 08 2.048 07

@Lifetime cancer rislestimates arbased omean drinking water ingestion rates o88ryears of oral exposuli
through drinking water as an adult. Lifetime cancer risk estimates for a full 78 years of exposure would
times greater than the risk estimates presented Siendarly, lifetime cancer risk estimates based oth 95
percentile drinking water ingestion rates would be approximaielytiBies greater, depending on the age
groups exposed.

The frequencies of each of these combinations of population size and flow rate are preJeatikPith1.

As described in Sectiah3.1.3.2 EPA considerethefrequency othevarying combinations of
population sizes and flow rates. For communities with siR@l@Wstreating wastewater, most fell into
the range of 100 to 10,000 people, with the annual average flow of the receaterdpodyless than
300 cfs Table2-11). Cancer risk estimates for communities in this ramfg@opulation sizeare as low
as2.04x108 at flows of 300 cfs and increase at lower flofsr example, cancer risk estimafes33
years of exposure resulting framleases from a population size of 10,000 could be as higj04sL0 ©
at a flow of 30 cfsAcute and chronicen-cancer risk estimates for these scenatmsot indicate non
cancer risk relative tbenchmark MOEg-or reference, stream flows of 100 cfs might be considered a
small river, while anything less than 100 cfs would be considered a stream oiCoegHketecancer

and norcancerrisk estimates for the range of water concentrations D3 releasegstimatedunder
varying conditions using probabilistic modeling are presentégdidioxaneSupplementainformation
File: Drinking Water Exposure and Risk Estimates fordidxane Surface Water Concentrations
Predicted with Probabilistic Modelin@J.S. EPA, 2029i

Lifetime cancer risk estimat@s Table5-4 are based on mean drinking water ingestion rates over 33
years of oral exposure through drinking water as an.dduksponse to SACC recommendations, EPA
considered the impacts of a full lifetime of exposure tedlggkane in drinking wateL.ifetime cancer

risk estimates for a full 78 years of exposare2.26 times greater than the risk estimates presémted

the table, resulting in risk estimaias high ad.4 x10* for the combinations of population size and
stream flow considered\s some people may live in a community near releases for longer durations,
EPA agrees with the SACC recommendation to utilize a full lifetime of exposure for assessing lifetime
cancer risks for fenceline communiti€&milarly, lifetime cancer risk estimates based on 95th percentile
drinking water ingestion rates would be approximately 8times greater, depending on the age groups
exposed95th percentile ingestion rates averaged axdbages are 3.7 times greater than mean
ingestion ratesyesulting in risk estimatess high a.3 x10“ for the combinations of population size

and stream flow considerefiithoughconsideration of alternate exposure factors such as lifetime and
ingestion rates result in increased risks of less than an order of magnitude, where the original estimates
are close to the applicable benchmark, this could result in changes to overahihlsions
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Overall confidence in risk estimates for drinking water exposures resulting from DTD reladses
varyingpopulation and stream flosonditionsis medium As described in Sectioh3overall

confidence in the oral and dermal cancer slope factor underlying these risk estinmege®iima to high

As described in Sectid®3.2.1 the exposure modeling methodology used for this analysis is supported
by robust evidence and is designed to provide a nationally representative distribution of estimated water
concentrations under varying conditions. Exposure estimates rely on estthsatiedtions ofDTD

releases of consumer and commercial products for each BiBtdbutions ofDTD releases of

consumer and commercial products were estimated for each COU on a per capita basis using the
SHEDSHT model.Because this analysis is not tied to specific sitegetis uncertainty around the
proximity of releases to drinking water intake locations and the extent to whiciokahe is further

diluted prior to reaching intake locations. For this analysis, EPA assumed that no additional dilutio
occurs prior to reaching drinking water intak&khoughconfidence in the individual contribution from
some specific COUs is lower, confidence in estimates of ou@fdll releases is moderate.

5.2.2.1.4 Risks from Exposure toDrinking Water Concentrations Modeledfrom

Disposal of Hydraulic Fracturing Produced Waters to Surface Watey

Assuming No Downstream Dilution
EPA evaluated the potential contribution of the disposal of hydraulic fracturing produced waters to
surface wateby aggreganhg exposures and risks. The range of water concentrations that may result
from releases of hydraulic fracturing waste to surface water egtiraatedising probabilistic
modeling.Risk estimates presented in this section are not tied to known releases at specific locations.
Rather, this analysis defines the conditions under which releases from hydraulic fracturing would result
in vatying levels of riskThese risk estimates are based on the assumption tkdibgahe is not
removed by POTWs or through drinking water treatment.

Cancer risk estimatexross the full distribution ahodeledreleases are presentadlrable5-5. Cancer

risk estimate based on median drinking water ingestion rates over 33 years of expo=sai85x10 8

for medianmodeledreleasesind1.52x10 © for 95th percentile modeled releasésfetime cancer risk
estimates for a full 78 years of exposure would be 2.26 times greater than the risk esasetem 33

years However, it isunlikely that there will be exposures that result in thih p8rcentile lifetime

cancer risks, whether based on 33 years or a full lifetifele hydraulic fracturing produced water
continues tde returned throughout the life of the well, the percentage of produced water drops off after
the first few weeks or months and is replaced by produced oil @ngtitsis not known how much and

for how long these wells will ultimately produ@e.S. EPA, 2016g Similarly, lifetime cancer risk

estimates based on 95th percentile drinking water ingestion rates would be approxirteedelyr@s

greater, depending on the age groups expdsade and chronic nenancer risk estimates based on

95th percentile modeled releases do not indicate risk relative to benchmark Mi@Esaximum water
concentratiorestimatedy the model reflects a scenario in which waste is released to a stream with very
low flow. EPA does not have sigpecific information to indicate that such a scenesimbining a high
release with a low flovactually occursComplete risk estimates for the range of watecceatrations

from DTD releasegstimatedinder varying conditions using probabilistic modeling are presented in
1,4-DioxaneSupplementdnformationFile: Drinking Water Exposure and Risk Estimates for 1,4

Dioxane Surface Water Concentrations Predicted with Probabilistic Mod@liri§y EPA, 2029i

Overall confidence in risk estimates for drinking water exposures resulting from hydraulic fracturing
releases is mediumAs described in Sectioh3 overall confidence in the oral and dermal cancer slope
factor underlying these risk estimatesnsdium to highAs described in Sectidh3.2.], the exposure
modeling methodologused for this analysis is supported by robust evidence and is designed to provide
a nationally representative distribution of estimated water concentrations under varying conditions.
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Releases used as inputs in the model were estimated using Monte Carlo nthdekagtures

variability across sitesHowever, the modeled exposure estimates are not directly tied to specific

releases at known locations, decreasing the strength of the evidence related to the representativeness of
the exposure estimates for actual exposuresre is uncertainty around the years of exposure that may

be expected teesult from hydraulic fracturingiven the limited lifetime of a typical hydraulic

fracturingwell. There isalsosome uncertainty around the proximity of releases to drinking water intake
locations and the extent to which dibxane is further diluted prior to reaching intake locations. For

this analysis, EPA assumed that no additional dilution occurs prior tieimgadrinking water intakes

Table 5-5. Lifetime Cancer Risks Estimated from Hydraulic
Fracturing Produced Waters Dispogdto Surface Water
under a Range of Scenarios

Monte Carlo Distribution Adult Lifetime Cancer Risk
Maximum 8.76E 105
99th Percentile 4.21E 106
95th Percentile 1.52E 106
Median 3.8% 108
5th Percentile 1.8%€ 110
Minimum 1.56 116

Lifetime cancer rislestimates are based on mean drinking water
ingestion rates over 33 years of oral exposure through drinking
water as an adull.here is uncertainty around the years of expost
that may be expected to result from hydraulic fracturing given th
limited lifetime of a typical hydraulic fracturing wellADDs used
to calculate these cancer risk estimates are preseritedlie3-5.

5.2.2.1.5 AggregateRisks from Drinking Water Exposures Modeled from Multiple
Sources Releasing to Surfacé/ater, Assuming No Downstream Dilution

Multiple sources may contribute 1,4dioxane concentrations in drinking water sourted surface
wate in a single location. EPA therefoestimatedaggregate general population exposures and risks
that could occur as a result of combined contributions frarttiple sourcesAs described in Section
2.3.1.3.4 EPA used probabilistic modeling to predagigregateurface water concentrations that could
occur when accounting f@TD releases, indirect releases, and other upstream sobdRA&sstimated
cancer and noeoancer risk$or thedrinking waterexposureestimatesn Section3.2.2 which
correspond to the modeled aggregate surface water concentrations described ir2 Setiddand
assume that no Xdioxane is removed through treatmérttis analysis also assumes that
concentrations at drinking water intakes are not further diluted from the concentrations modeled near the
point of releaseThere iswide variation inboth cancerand norcancerrisk within and across
OESs/COUsvhen taking into account aggregate contributions from other soUitigsvariation is
illustrated in the cancer risk estimates showthendistributions of cancer risk estimates for exposures
modeled for each OES/COU kgure5-5. The large ranges of risk estimates for some OESs/COUs
reflect substantial variation in releases and characteristics of receiving water bodies across the set
facilities associated with those OE$&gh-end cancer risk estimates in this analysis are very similar to
high-end risk estimates for individual facility releases alone, indicating thatdmdlestimates are
driven primarily by higkend industrial releaseS€ompletecancer and nepancerrisk estimates for the
range of aggregate water concentratiestsmatedor each COU using probabilistic modeling are
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presented ii,4-DioxaneSupplementdihformationFile: Drinking WaterExposure and Risk Estimates
for 1,4 Dioxane Surface Water Concentrations Predicted with Probabilistic Modglirfgy EPA,
2024).

Overall confidence inlistributions ofrisk estimates for drinking water exposures resulting from for
aggregate surface water concentratioreslictedoy probabilistic modeling varies across OES/COU.
Althoughconfidence is not uniform for all facilities withim®ES, overall confidence ratings for each
OES are intended to communicate how the factors that contribute to confidence and uncertainty vary
across COUSAs described in Sectioh3overall confidence in the oral and dermal cancer slope factor
underlying these risk estimatesmedium to highAs described in Sectidh3.2.] the exposure

modeling methodology used for this analysis is supported by robust evidence and is designed to provide
a nationally representative distribution of estimated water concentrations under varying corkbtions.
most COUs, this analysis is limited to facilities thegort releases via TRI and/or DMRther sources
releasing smaller amounts of idibxane are not directly capturgtdoughthe distribution okurface

water monitoring data used to repredeatkground concentrations in the model is intended to capture
these otheupstream sourcefvailable monitoring data confirm that t¢doxane is present isome

surface water and drinking water, though most of the available data were not collected neasitekeas
and are therefore not directly comparalerelease locations where monitoring data are available, case
studies demonstrate stroognsistencyetween modeled estimates and measured surface water
concentrations.

There is some uncertainty around the proximity of releases to drinking water intake locations and the
extent to which 1 4lioxane is further diluted prior to reaching intake locations. For this analysis, EPA
assumed that no additional dilution occurs praoreaching drinking water intakes. The characterization
of downstream dilution presentedsr2.2.1.2for individual facility releases illustrates the extent to

which downstream dilution may impact overall risk estimates.

The overall level of confidence in resulting exposure estimates depends on the source of GES/COU
specific release data described in ApperliX

91 Overall confidence in drinking water exposure estimates is medium to high for OESs/COUs that
rely primarily on release data reported to DMR or to TRI via Forfést COUs/OESs are
included in this group.

1 Overall confidence in drinking water exposure estimates is medium for OESs/COUs for which
release estimates are based on reporting to TRI via FoftheAmport and repackaginQES
releases used in this analysis are entirely based on Form A reporting of releases, and just under
half of the Industrialses OES releases were reported via Form A.

1 Overall confidence in drinking water exposure estimates is low to medium for OESs/COUs for
which release estimates are based on surrogate or modeled information
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5.2.2.1.6 Integrated Summary of Drinking Water Risk Estimatesacross Multiple
Lines of Evidencefor Surface Water

Risks from drinking water exposures were evaluated using a series of analyses thad priorigeation
about the specific contributions of releases associated with indigduatesas well as aggregate
exposures and riske the general populatiofthis analysis finds cancer risk estimates greater than 1 in
1 million from drinking water exposur@sformed by both monitoring data and modeled surface water
concentrations. Modeled concentrations result in cancer risk estimates greater than 1 in 1 noiigon ac
a range ofndividual sources and aggregateurces utilizingplausible drinking water exposure
scenarios.

Monitoring data demonstrates that-tiidxane is present somesource wateandfinished drinking

water samples. Measured concentrations in finished drinking water sasglésdn cancer risk

estimates greater than 1 in 1 million at kiigh-endof the distributiorof monitoring samplesviost

drinking water treatment systems are not expected to remoxkokdne from water, suggesting that
concentrations detected in source water can also be an indication of concentrations in drinking water.

Available monitoring data providenformation abougeneral populatioexposure$ut didnot capture
high concentrations occuring in specific locations or at specific tirngsdirect and indirect releases
into water bodiesThereforeEPA relied on estimated concentrations modeled for a range of specific
release scenarios, including diracd indirecindustrial releasef)TD releases, disposal of hydraulic
fracturing waste, and aggregate concentrations resulting from varying combinations of multipés so
to characterize risks from the water pathwiBa A evaluated the performance of the models used to
estimate water concentrations with monitoring data fromsgiezific locations serving as cases studies.
Thesecase studgomparisons demonstratstrongconsistencyetween modeled concentrations and
monitoring datatherebyincreasing confidence sk estimates based omodeled concentrations.

Across all modeled scenarios, -dbxane concentrations in water are primarily determined by the
amount of release from varying sources and the floinexfeceiving water body. These two factors are
highly location and sourespecific, resulting in very wide ranges of modeled water concentrations and
risk estimates for each set of analyses presantie previous sectioabove.

Risk estimates based dmd-dioxaneconcentrationsnodeled in the receiving water hedat the point of
releaseshowpotential for risk greater than 1 in 1 millien 1 in 100,000rom each of the sources
assessed.

As described in Section2.2.1.2 dilution that occurs between the point of release and drinking water

intake locations may be expectedaduce 1,4ioxane concentratioris some locations. However,

even when accounting for dilution, upstream releases contribute to cancer risk estimates greater than 1 ir
a million or 1 in 100,000 at some drinking water intake locatiBR# evaluated risks based on

modeled water concentrations for a sample of drinking water intake locations downstream of releases
where risk was greater than 1 in 1 million. After accounting for additional dilution, cancer risk estimates
remained greater ém 1 in 1 million fo 27 percentof the public water systems evaluatselving a

combined population of over 2 million people.

The potential relative contribution from different sources varies under different conditions and is likely

to be sitespecific.For example, igh-end risk estimates in the aggregate model (presented in Section
5.2.2.1.5 are very similar tcnigh-endrisk estimates for facility releases alone (presented in Section
5.2.2.1.2, suggesting that in cases where industrial releases are high, those releases will be the dominant
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source of 1,4lioxane in waterOn the other handnder some conditions (presented in Section
5.2.2.1.3, plausibleDTD releasescenaris may present risk greater than 1 in 1 milliarthe absence of
industrial release§.aken together, the analyses presented throughout this sgetrmmstrate that each
of these sources may contribute to drinking water risks under some conditions. These daeahesése
conditions under which different levels of risk may occur

5.2.2.2 Drinking Water 1 Groundwater and DisposalPathways
EPA estimatd risksfrom general population exposures that could occur if groundwater containing 1,4
dioxane is used as a source of drinking wdesk estimates presented in this section are not tied to
known releases at specific locations. Rather, this analysis defines the conditions under which 1,4
dioxane disposal to landfills or from hydraulic fracturing operations could result in varyingdévels
risk.

Cancer and nenancer risk estimataegerecalculated based on modeled groundwater concentrations
de<ribedin Section2.3.1.4and correspondindrinking waterexposuregstimateslescribed in Section
3.2.2.2 All risk estimates presented in this summary focus on the scenario with the greatest potential
exposure andsk. Because adult drinking water exposures relative to body weight are greater than
exposureselativeto body weighthat occur over the course of childhd@d illustrated irL,4-Dioxane
SupplementahformationFile: Drinking Water Exposure and Risk Estimates forDidxane Release

to Surface Water from Individual Faciliti€s.S. EPA, 2024)), the scenario with the greatest lifetime
cancer risk is 33 years of exposure as an adidtime cancer risk estimates presented in this section
are based on median drinking water ingestion rates over 33 years of exposure as laifetichet.

cancer risk estimates for a full 78 years of exposure would be 2.26 times greater than the risk estimates
based on 33 yearSimilarly, lifetime cancer risk estimates based on 95th percentile drinking water
ingestion rates would be approximatelio3 times greater, depending on the age groups exposed

For potentialgroundwater concentratiomssulting fromlandfill leachateEPA estimated cancer and
norntcancer risks for adults and formifled infants at concentratioestimatedinder varying

hypothetical combinations ¢éachate concentrations and loading raéasshown inTable5-6, lifetime
cancer risk estimatescrease under scenarios with higher leachate concentrations and loading rates.
Chronic noncancer risk estimates (not shoviumjlicate risk relative to theenchmark MOE only at the
highest leachate concentrations and loading ratesse concentrations and loading rates represent a
scenario where 1;dioxane is either delisted and released nouaicipal solid wasté&andfill or when

trace concentratior@esent in consumer and commercial products are disposed to those same landfills.
Though the higher concentrations of-tljéxane in leachate and higher loading rates are less likely, they
may represent high-endPESS exposur€omplete resultfor cancer ad nontcancer riskare available

in 1,4-DioxaneSupplementainformationFile: Drinking Water Exposure and Risk Estimates for 1,4
Dioxane Land Releases to Landfi|l$.S. EPA, 2024t

Overall confidence in risk estimates for drinking water exposures resulting from disposal to landfills is

low to mediumAs described in Sectioh3overall confidence in the oral and dermal cancer slope

factor underlying these risk estimatesnsdium to highAs described in Sectio®i3.2.2.1the modeling
methodology is robust. However, the release information relied on as model input data is supported by
slight to moderate evidenceecreasing overall confidende addition, this drinking water exposure

scenario relies on the assumption that the estimated groundwater concentrations may occur in locations
where groundwater is used as a primary drinking water soiitbeughthe substantial uncertainty

around the extent to which these exposures occur decreases overall confidence in the exposure scenario
this scenario representf&SSexposure.
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Table 5-6. Lifetime Cancer Risks Estimated for Modeled Groundwater ConcentrationsEstimated
under Varying Landfill Conditions

Leachate Loading Rate (Ib)
Concentration
(mg/L) 0.1 1 10 100 1,000 | 10,000 | 100,000| 1,000,000
0.00013 3.1H17 296516 | 3.6H15| 346814 | 336513 | 3.1612 | 3.0611| 2910
0.001 3.1H16 29515 | 36EH 14| 346813 | 33612 | 3.1511 | 3.06 10| 2.9E09
0.01, 3.1E15 29514 | 36E13| 34612 | 336811 | 3.1610| 3.068 09| 2.9H 08
0.1 3.1E14 29513 | 36EH12|34E11| 3.36510| 3.1509 | 3.06 08| 2.9 07
1 3.16 13 29512 | 36EH11| 34610 | 3.3509 | 3.1608 | 3.06 07| 2.9H 06
10 3.16 12 29611 | 3.6H10| 346509 | 3.3508 | 3.1507 | 3.0606 | 2.9H 05
100| 3.1EH11 29510 | 3.6H09 | 3.4508 | 3.36507 | 3.1506 | 3.0605| 2.9H 04
1,000 3.1 10 29509 | 36EH08| 34607 | 3.3506 | 3.1605| 3.06 04| 2.9H 03
10,000 3.1H 09 29508 | 3.6H07 | 3.46506 | 3.36505| 3.1504 | 3.06 03| 2.9HO02
aLifetime cancer riskestimats based on mean drinking water ingestion rates over 33 years of oral exposure throu
drinking water as an adultifetime cancer risk estimates for a full 78 years of exposure would be 2.26 times great
the risk estimates presenteddneSimilarly, lifetime cancer risk estimates based dh pércentile drinking water
ingestion rates would be approximatelyd3imes greater, depending on the age groups exposed.

For groundwater concentratioresulting fromdisposal of hydraulic fracturing produced watePA
calculated cancer and naancer risks for adults and formfted infants Cancer risk estimates across

the full distribution ofmodeledreleases are presentedliable5-7. Cancer risk estimates at®& 07 for
median modeled releases &h@x10 ®or 95th percentile modeled releas&hronic norcancer risk
estimates are above the corresponding benchmark MOE for all modeled groundwater concentrations,
indicating lower norcancer risk from noigcancer effectsCompletecancer and noncancer risk
calculationsare available il,4-DioxaneSupplementdnformationFile: Drinking Water Exposure and
Risk Estimates for 1;Bioxane Land Releases to Surface Impoundm{éh& EPA, 2024)

The risk estimates presented here are based on groundwater concentrations modeled using the original
release assessment published in the draft suppleAldrdugh EPA revised the release assessment for
hydraulic fracturing based on SACC recommendations, the shift in release estimates is not sufficient to
result in changes to overall risk conclusions. TheretbeAgencydid not revise subsequent modeling

or exposure and risk estimates for releases from hydraulic fracturing operations. Because the revised
release assessment resulted in lower release valueshatend the risk estimates presented here

based on the original release assessment may overestimate riskigl+ted

Overall confidence in risk estimates for drinking waters resulting from disposal of hydraulic fracturing
waste is low to mediunAs described in Sectioh3overall confidence in the oral and dermal cancer

slope factor underlying these risk estimataséslium to highAs described in Sectio®3.2.2.2 the

modeling methodology is robust and the release information relied on as model input data is supported
by moderate evidence. However, no monitoring data are available to confirm detectiodiokak in
groundwater near hydraulic fracturing opewas. This drinking water exposure scenario relies on the
assumption that the estimated groundwater concentrations may occur in locations where groundwater is
used as a primary drinking water soufErere is uncertainty around the years of exposure that may be
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expected to result from hydraulic fracturing given the limited lifetime of a typical hydraulic fracturing
well. Althoughthe substantial uncertainty around the extent to which these exposures occur decreases
overall confidence in the exposure scenario, this scenario represda&Saxposure.

Table 5-7. Lifetime Cancer Risks Estimated for Modeled Groundwater Concentrations Resulting
from Disposal of Hydraulic Fracturing Produced Water

Monte Carlo Modeled Groundwater Adult LADD Adult Cancer Risk
Distribution Concentration (mg/L) (mg/kg/day) Estimate
Max 1.9 02 8.8H 05 1.1 05
99th 1.5H 02 7.1H 05 8.6H 06
95th 1.5H 02 7.1H 05 8.6H 06
Mean 7.1 04 3.3 06 4.08 07
50th 1.26 04 5.6 07 6.8H 08
5th 1.26 04 5.6 07 6.8H 08
Min 4.46 07 2.16 09 2.5H 10
aLifetime cancer riskbased on mean drinking water ingestion rates over 33 years of oral exposure through ¢
water as an adultifetime cancer risk estimates for a full 78 years of exposure would be 2.26 times greater tf
risk estimates presented hefaere is uncertainty around the years of exposure that may be expected to resu
hydraulic fracturing given the limited lifetime of a typical hydraulic fracturing v@thilarly, lifetime cancer risk
estimates based ont@%ercentile drinkig water ingestion rates would be approximatély 8mes greater,
depending on the age groups.

5.2.2.3 Air Pathway
EPA estimatd risks from general populatioexposiresto 1,4dioxane released tir, with a focus on
exposures in fencelimmmunitiesRisks were evaluated for air releases from industrial COUSs,
hydraulic fracturing operations, amttlustrial and institutiondaundry facilities based on exposure
estimates in Sectio®.2.3

5.2.2.3.1 Industrial COUs Reported to TRI
EPA estimated risks from general population exposures that could occur in communities neighboring
industrial releaseassociated with stack and fugitive emissid@ancerand norcancerrisk estimaesfor
general population exposures within 10,000 nndtistrial releasesere calculated fathe 10th, 50th,
and 95th percentignf modeled exposure concentras@stimated in Sectiod.2.3.1 Table5-8
summarizeshe cancer riskestimatedvased on 33 years exposure durationfan@5th percentile
exposure concentratiomathin 1,000 m ofthe faciliteswith the greatest risk in ea€ESLCOU,
rangingfrom 105x10 *°to 1.1x10 4. Cancerrisk estimate®ased or83 years exposure duration and for
50th percentilemodeledexposure concentratiomsthin 1,000 m othehighest risk facilities range from
2.5x10 10 8.3x10 ° (datanot show.

Lifetime cancer risk estimates Trable5-8 are based on 33 years of continuous inhalation exposure
averaged over a Agear lifetime. EPA agrees with the SACC recommendation for EPA to utilize a full
lifetime of exposure for fenceline communitiegetime cancer rislestimatedor a full 78 years of
continuous inhalation exposure would be 2.36 times greater than the risk estimates presented here
resulting in risk estimatess high ag.6x10 * (for manufacturingwithin 10m of facilities) Risk

estimates were generally highest withj@d0 m of the facilities and lower at greater distanass
discussed irbection2.3.3.3 exposure estimates very near facilitiesl®m) may be impacted by
assumptions made for modeling around an area sourg&({Hdea source placpsopleat 5 m on top of
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the releas@oint). This, in combination with other factors likeeteorological data, release heights, and
plume characteristics caasult in loweror higherexposures at 5 m than just off ttetease poinat 10

m. Air concentrations from fugitive emissions tend to peak within 10 m of release sites while
contributions from stack releases generally peak around 100 m, meaning that risks nearest to release
sites are often driven by fugitive releas&esute and chronic nenancer risk estimates (not shovdo)

not indicate risk relative to benchmark M®fier any of theestimated exposure concentrationsrgt a
facilities evaluatedCompletecancer and neoancer riskesultsfor air concentrations modeled from

stack, fugitive and combined air emissi@mne provided irl,4-DioxaneSupplementadinformationFile:

Air Exposures and Risk Estimates for Single Year Anglysts EPA, 2024r

Air exposure and risk estimates are dependent on release amounts, stackdosigitstions from

stack releases arfidgitive emissionstopography, and meteorological conditions. These factors vary
substantially across facilities within each OES/COU, making release amount, stack height, and

met eorol ogical conditions more i mportant predic

Overall confidence isite-specificrisk estimates for inhalation exposure resulting from industrial
releases varies acroESLCOUs. As described in Sectidi3, overall confidence in the cancer
inhalation unit risk underlying these risk estimates is high. As described in S&&i8r, the

AERMOD modeling methodology used for this analysis is robAndtaccounts for both stack and
fugitive emissionsThe exposure scenarios considered are most relevamnigttermresidents in

fenceline communitiesThere is some uncertainty around the extent to which people actually live and
work around the specific facilities where risks are high#streasing overall confidence in the exposure
scenarig particularly at distances nearest release.stesrall confidence varies due to variable levels
of confidence in underlying release information used to estimate expo&ar€&Sspecific discussion

of the confidence in sources of release information is presented in ApeBdi%.4 but in general

terms

1 Overall confidence in risk estimates is medium to high for OESs/COUSs that rely primarily on
release data reported to TRI via Form R.

1 Overall confidence in risk estimates is medium for OESs/COUs for which release estimates are
based on data reported to TRI via Form A

1 Overall confidence in risk estimates is low to medium for OESs/COUs for which release
estimates are based on surrogate or modeled information.
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Table 5-8. Inhalation Lifetime Cancer Risks® within 10 km of Industrial Air ReleasesBased on 95th Percentiléodeled Exposure

Concentrations
Corresponding COUs # Facilities Distance from Facility with Greatest Risk (m} Overall
OES Life Cycle Risk : Confidence
Stage Category Subcategory Total >16 06 5 10 30 60 100 100G 1,000
Disposal Disposal Disposal Hazardous waste 15 5 2.88H05|3.42H 05|1.22H 05 |4.678 06 [2.13B 06 |2.0068 07 |Medium to
incinerator High
Off-site waste
transfer
Underground
injection
Hazardous landfill
Dry film Industrial use |Other uses |Dry film lubricant 8 0 1.09H 12|4.83H 11|3.46H 09 |2.62H 08 |4.26H 08 |6.726 09 |Low to
lubricant commercial use Medium
Ethoxylation |Processing Byproduct |Byproductproduced| 6 3 4.42B 05|9.21H 05|4.968 05 [2.098 05 1.11H 05 |2.588 06 |Mediumto
byproduct during the High
ethoxylation
process to make
ethoxylated
ingredients for
personal care
products
Film cement |Industrial use |Adhesives |Film cement 1 0 8.46H 07|8.86H 07|2.99H 07 (1.54H 07 (8.46H 08 | 1.55H 08 |Low to
commercial use|and sealants Medium
Functional |Industrialuse |Functional |Polyalkylene glycol 2 0 8.67H 08|1.60H 07|6.98H 08 (7.31H 08 [1.23H 07 |5.02H 08 |Medium to
fluids (open fluids (open | lubricant High
system) and closed |Synthetic
systems) metalworking fluid
Cutting and tapping
fluid
Import and |Manufacturing |Import Import 1 0 1.82H 13|3.78H 12|3.748 10 |2.82H 09 |5.896 09 |2.18H 09 |Medium to
repackaging Repackaging High
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Corresponding COUs # Facilities Distance from Facility with Greatest Risk (m} Overall
OES Life Cycle Risk _ Confidence
Stage Category Subcategory Total >16 06 5 10 30 60 100 100G 1,000
Processing Processing g Polymerization
areactant Catalyst
Processing Non- Basic organic
incorporativg chemical
manufacturing
(process solvent)
'Sdus”'a' Industrialuse | Intermediate|Plasticizer 12 6  |2.84H 05|3.24H 05|1.04H 05 [3.84H 06 [1.89H 06 |4.85H 07 m.e‘f]'”m o
Ses use intermediate '9
Catalysts and
reagents for
anhydrous acid
reactions,
brominations, and
sulfonations
Laboratory |(Industrial use |Laboratory |Chemical reagent 1 1 1.40H 05 [1.46H 05 (4.91H 06 |2.54B 06 |1.40H 06 |2.548 07 |Low to
Chemical |[commercial use/chemicals |Reference material Medium
Use Spectroscopic and

photometric
measurement
Liquid scintillation
counting medium
Stable reaction
medium
Cryoscopic solvent
for molecular mas;
determinations
Preparation of
histological
sections for
microscopic

examination
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Corresponding COUs # Facilities Distance from Facility with Greatest Risk (m} Overall
OES Life Cycle Risk : Confidence
Stage Category Subcategory Total >16 06 5 10 30 60 100 100G 1,000

Manufactur . Domestic  |Domestic 1 1 5.91H 05 [1.10B 04 |5.208 05 [2.18H 05 (1.08H 05 |9.62H 07 |Medium to
. Manufacturing .
ing manufacture| manufacture High
PET Processing Byproduct |Byproductproduced| 13 10 5.42B05 6.486 05 |2.378 05 [9.47H 06 |4.358 06 | 7.25H 07 |Medium to
Manufactur duringthe High
ing production of

polyethlene

terephtalate
Spray foam |[Industrial use |Other uses |Spray polyurethane| 1 0 5.28H 09 5.68H 09 |1.94H 09 [1.02H 09 [5.79H 10 |1.05H 10 |Low to
application |[commercial use foam Medium

aLifetime cancer risks based on 33 years of continuous inhalation exposure averaged exeardi®@ime.Lifetime cancer riskfor a full 78 years of continuous

inhalation exposure/ould be2.36times greater than the risk estimgbeasentedhere
bCancer risks were also calculated at 2,500, 5,000 and 10,000 m from all facilities.
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Land UseAnalysis

For locations whertifetime cancerisk isgreater than410 °, EPA evaluated land use patterns to
determine whether fenceline community exposunay bereasonably anticipate@etailedresults of

this analysis are described in Appendifand are consistent with the methods described in the 2022
Draft TSCA Screening Level Approach for Assessing Ambient Air and Water Exposures to Fenceline
Communities Version@(U.S. EPA, 2022)] In short, EPAdeterminedvhether residential,
industrial/commercial businesses, or other public spaces are present within those radial dibtneces
cancerrisk estimates for 9 percentile modeled air concentrations are greater thad 4for each
facility. In al cases, risks greater than 13%@ere within 1,000 m or less of releasing faciliti€his
analysis was limited to facilitiethat could be mapped to a GIS locatiBased on this characterization
of land use patterns, fenceline community exposoage the potential to occat50 percentof
facilities (11 of 22 GISmapped facilitieswherecancer risk is greater thax0 ® based on modeled
fenceline air concentrations.

Aggregate Risk

EPA alsoevaluated potential risks from aggregate exposures from multiple neighboring facilitiea using
conservative screeningethodologyEPA identifiedfive groupsof two to fourfacilities reporting 1,4
dioxane releasasn proximity to each othe(i.e., within 10 km). Aggregating riskestimatedor these

groups of facilitiesvere generally dominated by the facility with the greatest risk. This aggregate
analysisdid notidentify locations with cancer risk greater thiasi 0 © that did not already havaancer

risk above that level from an individual facilitipetails of the methods and results of Hugregate

analysis are described in Appendik

5.2.2.3.2 Hydraulic Fracturing
Cancer and nenancer risk estimates fpotentialgeneral population exposure#thin 1,000 m of
hydraulic fracturingpperationsvere calculated foa range of air concentrationsodeled across the
distribution of release estimates,described in SectioB.3.3.2 Table5-9 presents lifetime cancer risk
estimates foexposure tdigh-end and central tendenayr concentrationmodeledfor bothhigh-end
(95th percentile)and centratendency(50th percentile)ymodeledreleasedor a range of topographical
and meteorologicalcenariosLifetime cancer risk estimatésr distances within 000 m of hydraulic
fracturing operations range fro819x10 ’ to 71x10 ° for high-endrelease estimates a@d®x10 8 to
4.1x10 8 for central tendency releasstimates across a range of masednariosAcute and chronic
noncancer risk estimates (not shovdw) not indicate risk relative to benchmark MG&isany exposure
concentrations estimated for hydraulic fracturing operati@omplete results are providedlig-
Dioxane SupplementéiformationFile: Air Exposure and Risk Estimates for-Dibxane Emissions
from Hydraulic Fracturing OperationfJ.S. EPA, 2024h

The risk estimates presented here are based on air concentrations modeled using the original release
assessment published in the draft supplenfdtitough EPA revised the release assessment for

hydraulic fracturing based on SACC recommendatitiresshift in release estimates is not sufficient to
result in changes to overall risk conclusions. TheretoiRd) did not revise subsequent air modeling or
exposure and risk estimates air releases from hydraulic fracturing operations. Because the revised
releag assessment resulted in lower release values, the risk estimates presented here based on the
original release assessment may overestimate risk.

Overall confidence in risk estimates for inhalation exposures resulting for air concentrations modeled
based on releases from hydraulic fracturing operations is meAsigescribed in Sectioh 3, overall
confidence in the cancer inhalation unit risk underlying these risk estimates is high. As described in
Section3.3.3.2the modeling methodologies used to estimate air concentrations are robust. The
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distribution of air releases used as model input data were estimated using Monte Carlo modeling and
rely on assumptions. No air monitoring data were available to confirm detectiondibiahe is air

near hydraulic fracturing operatiorBecause the air concentrations underlying this analysis are based
onreleases estimated usipgobabilistic modeling, they are not tied to specific locations thabean
evaluated for land use patteriiiere istherefore shstantialuncertainty around the extent to which

people actually live and work around the specific locations where risks are highest, decreasing overall
confidence in the exposure scenaifibere is also uncertainty around the years of exposure that may be
expected to result from hydraulic fracturing given the limited lifetime of a typical hydraulic fracturing
well.
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Table 5-9. Lifetime Cancer Risk Estimates for Fugitive Emissions from Hydraulic Fracturing?®

Cancer Risk Estimates for 98h Percentile Modeled Releases Cancer Risk Estimates for 56h Percentile Modeled Releases

_ Fugitive High-End Modeled Air Central TendencyModeled Air High-End Modeled Air Central Tendency Modeled
Em|sSS|onsR9Iease Concentrations Concentrations Concentrations Air Concentrations
cenario
100m | 1000m | ‘9070 | 100m | 1,000m | 201 | 100m | 1.000m | o0t | 100m | 1,000m| 000

South(Coastal) 7.18B05| 3.2BH06 | 83H06 | 5.6H05 | 24B06 | 6.4BH06 | 4.1506 | 1.8507 | 4.7807| 3.2 06| 1.46 07| 3.68H 07
Rural24

West North 548505| 3106 | 7.3H06 | 416505 | 19806 | 49506 | 3.1H06 | 1.86507 | 4.26B07| 24606 | 1.165 07| 2.8H 07
CentralRural24

South(Coastal) 3.4805| 7.76B07 | 248506 | 3.0805 | 6.7H07 | 216506 | 206506 | 446508 | 1.4807| 1.7806| 3.8508| 1.2 07
Urban24

West North 3.28B05| 83507 | 25H06 | 26H05| 6.1H07 | 19E06 | 1.8H06 | 48508 | 1.4807| 1.5806| 3.5808| 1.1 07
CentratUrban24

South(Coastal) 1.36505| 1.26507 | 51507 | 1.1505| 9.0508 | 42607 | 7.36507 | 6.8509 | 29E08| 6.46 07| 5.26 09| 2.46 08
Rural8

WestNorth 2.7B05| 1.0806 | 25806 | 1.4B05| 29807 | 88507 | 1.5H06 | 59808 | 1.4B507| 8.2 07| 1.6B 08| 5.0B 08
CentratRural8

South(Coastal 1.2H05| 9.06508 | 438507 | 1.1505 | 8.0808 | 39807 | 6.7807 | 5.2809 | 25608 | 6.1507| 4.6 09| 2.26 08
Urban8

West North 19E05| 39807 | 1.26806 | 1.28B05 | 166007 | 6.06807 | 1.1506 | 2.26808 | 7.1508| 7.06 07| 9.1 09| 3.46 08
CentratUrban8

a Lifetime cancer risks based on 33 years of continuous inhalation exposure averaged exeardii&ime. Lifetime cancer riskgor a full 78 years of
continuous inhalation exposwould be 2.36 times greater than the risk estimaitesentedhere.
b Cancer risk estimates shown here are based on modeled releases and air concentrations estimated for 72 days of release.
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5.2.2.3.3 Industrial and Institutional Laundry Facilities
Cancer and nenancerrisk estimaesfor potential general population exposures with®00 m of
industrial and institutiondhundry facilities were calculated for a range of air concentratrmdeled
for a range of releases, @sscribed in SectioB.2.3.3 Table5-10 presents lifetime cancer risk estimates
for exposures estimated from bdtigh-end and central tendenayr concentrationsnodeled based on
the maximum release scenafio eachtype of laundry under the most conservagxg@osure scenario
evaluatedrural south coastal topography, assuming 24 hours of releases eadhfdtiy)e cancer risk
estimates for distances withirDD0 m of laundry facilities rangieom 1.5x10 ! to 3.8<10 8 across a
range of higkend and central tendeneyxposurescenariosAcute and chronic nenancer risk estimates
(notshown)do not indicate riskor anyestimated exposure concentrations for laundetsive to the
benchmark MOESComplete results are providedlim-DioxaneSupplementanformationFile: Air
Exposures and Ridkstimates fotndustrial Laundry(U.S. EPA, 2024

The risk estimates presented here are based on air concentrations modeled using the original release
assessment published in the draft supplenfdtitough EPA revised the release assessment for

industrial and institutional laundries based on SACC recommendations, the shift in release estimates is
not expected to be sufficient to result in changes to overall risk conclusions. Thehefdkgencydid

not revise subsequent air modeling or exposure and risk estimates for air releases from industrial and
institutional laundries. Because the revised release assessment resulted in values roughly an order of
magnitude higher, the risk estimates presented here based on the original release assessment may
underestimate risk.

Overall confidence in risk estimates from inhalation exposures resulting from industrial and institutional
laundries is medium. As described in Secdad) overall confidence in the cancer inhalation unit risk
underlying these risk estimates is high. As described in Se&808.2 the modeling methodologies are
robust. The distribution of air releases used as model input data were estimated using Monte Carlo
modeling and rely on assumptions. No air monitoring data were available to determine whether 1,4
dioxane is detected neadunstrial and institutional laundry facilitieBecause the air concentrations
underlying this analysis are based on probabilistic modeling, they are not tied to specific locations that
can be evaluated for land use pattefiere istherefore substantiaincertainty around the extent to

which people actually live and work around the specific locations where risks are highest, decreasing
overall confidence in the exposure scenario.

Table 5-10. Lifetime Cancer Risk Estimates for Fugitive Emissions fromindustrial and
Institutional Laundry Facilities?@

Cancer Risk Estimates forMaximum Modeled Releases

N Detergentand High-End Mod_eled Air Central Tendencyl\_/lodeled Air
Facility Type EmissionsType Concentrations Concentrations
100 to 100 to
100 m 1,000 m 1,000 m 100 m 1,000 m 1,000 m
Liquid 1 vapor 37608 | 1.7H09 | 43509 | 3.3H08 | 146509 | 3.8H09
Industrial Powderi vapor 36H08 | 1.7H09 | 42609 | 3.3H08 | 146509 | 3.8H 09
Laundry Powderi PM10 3.8508 | 88510 | 3.2H09 | 34E08 | 7910 | 29509
Powderi PM2.5 36EH08 | 1.66B09 | 41509 | 3.3H08 | 146509 | 3.76 09
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Cancer Risk Estimates forMaximum Modeled Releases
cacityType | Detegentan | MOREndodeled AT | Central Tendencyodeld A
y 1yp EmissionsType

100 to 100 to
100 m 1,000 m 1,000 m 100 m 1,000 m 1,000 m

Liquid 7 vapor 23808 | 1.1509 | 27809 | 2.1H08 | 9.0610 | 2.4H09

Institutional Powderi vapor 686510 | 32611 | 79811 | 6.26H10 | 276811 | 7.0B 11
Laundry Powderi PM10 71610 | 168511 | 596811 | 646810 | 156811 | 53511
Powderi PM2.5 6.86510 | 3.0811 | 7.76B11 | 6.2H10 | 26611 | 6.9H 11

a Lifetime cancer risks based on 33 years of continuous inhalation exposure averaged oreardifé@ime.
Lifetime cancer risk$or a full 78 years of continuous inhalation exposumild be 2.36 times greater than the risk
estimatepresentedhere

5.2.3 Potentially Exposed or Susceptible Subpopulations

EPA considered PESS throughout the exposure assessment prasémedupplemerandthroughout
the hazard identification and desesponse analysis described in the 2020TRiBle5-11 summarizes

how PESS were incorporated into thgplementhrough consideration of increased exposures and/or

increased biological susceptibility. The table also summarizegth&ning sources afncertainy
related to consideration BfESS

Table 5-11. Summary of PESS Considerations Incorporatedhroughout the Analysis and
Remaining Sources of Uncertainty

Potential Exposures Identified in Specific

Potential Sources of Biological

PESS. Subpopulationsand Incorporated into Susceptibility Identified and
Categories .
Exposure Assessment Incorporated into Hazard Assessment

Lifestage General population drinking water exposure | EPA qualitatively described the potential
scenarios include lifestaggecificexposure for biological susceptibility due to lifestag
factors for adults, childremnd formulafed differences and developmental toxicity b
infants (Section5.2.2.3; Inhalation exposures | did not identify quantitative evidence of
are based on air concentrations and are there| lifestagespecific susceptibilities to 1,4
consistent across lifestag&ection5.2.2.3. dioxane;A 10x UF was appliedor human
Based on pchem properties and a lacktodlies | variability. The magnitude of potential
evaluatingpotential for accumulation in milk, | lifestage differences in metabolism and
EPA did not quantitatively evaluate the milk | toxicity are not well quantified and are a
pathwayand tis is a source of uncertainty. remaining source of uncertainty

Preexisting EPA did not identify health conditions that may EPA qualitatively described the potential

Disease influence exposurélhe potential for pre for pre-existing health conditions, such a

existing disease to influence exposure (due to
altered metabolism, behaviors, or treatments
related to the condition) is a source of
uncertainty.

liver disease, to increase susceptibility o
alter toxicokinetics, but did not identify
direct quantitative evidencé. 10x UF

was appliedor human variability The
potential impact of prexisting diseases 0
susceptibility to 1,4ioxane is a remaining
source oluncertainty
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Potential Exposures Identified in Specific

Potential Sources of Biological

C PESS. Subpopulationsand Incorporated into Susceptibility Identified and
ategories )
Exposure Assessment Incorporated into Hazard Assessment
Lifestyle EPAdid not identify specific lifestyle activities | EPA did not identify lifestyle factors that
Activities that expected to increase Mibxane exposure. | influence biologicakusceptibility to 1,4
This is a remaining source of uncertainty dioxane.This is a remaining source of
uncertainty
Occupational | EPA evaluated a range of occupational expos| EPA did not identify occupational factors
Exposures scenarios in manufacturing, hydraulic fracturin that increase biological susceptibility to
and use of commercial products that increase| 1,4-dioxane This is a remaining source 0
exposure to 14ioxane present as a byproduct{ uncertainty
EPA evaluated risks for higknd exposure
estimates for each of these scenaffection
5.2.0.
Geographic | EPA evaluated risks to fenceline communities| EPA did not identify geographic factors
Factors from 1,4dioxane in ambient a{Section5.2.2.3 | that increase biological susceptibility to
andin drinking water downstream of release | 1,4-dioxane This is a remaining source 0
sites(Section5.2.2.). EPA mapped tribal lands| uncertainty
in relation to air, surface water and ground wa|
releases of 1dioxane to identify potentiabf
increased exposures fiiibesdue to geographic
proximity (Sectior2.3).
Socic EPA did not identifyspecificsociodemographic | EPA did not identify sociodemographic
demographic | factors that influence exposure to-tibxane factors that influence biological
Factors This is a remaining source of uncertainty susceptibility to 1,4lioxane This is a
remaining source of uncertainty
Nutrition EPA did notidentify nutritional factors EPA did not identify nutritional factors
influencing exposure to l-dioxane This is a that influence biological susceptibility to
remaining source of uncertainty 1,4-dioxane This is a remaining source o
uncertainty
Genetics EPA did not identify genetic factors influencing Indirect evidence that genetic variants m
exposure to 1ioxare. This is a remaining increase susceptibility of the target orgar
source of uncertainty was addressed through ax1l0F for
human variability The magnitude of the
impact of genetic variants is unknown ar
is a source of uncertainty.
Unique Some tribes may have increased exposure to| EPA did not identify unique activities tha
Activities drinking water due to tribal activities such as | influence susceptibilityo 1,4dioxane

sweat lodgesEPA has identified uppdround
drinking water estimates of 2 L/day associated
with tribal lifeways for some tribe@arper,
2017 Harper and Ranco, 2008 arper et al.,
2007 Harper et al., 2002Risk calculations in
this supplement assume acuteadultdrinking
water intakeof 3.2L/day and a chronic drinking
water intake of 0.88 L/dayther potential
sources of increased exposure todigkanedue
to specific tribal lifeways or other unique activi

patternsare a source of uncertainty

This is a remaining source of uncertainty
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PESS Potential Exposures Identified in Specific Potential Sources of Biological

C : Subpopulationsand Incorporated into Susceptibility Identified and
ategories )
Exposure Assessment Incorporated into Hazard Assessment
Aggregate EPA evaluated risk from aggrega@urceof EPA does not identify ways that aggrege
Exposures exposure contributintp 1,4dioxane in water exposures would influence susceptibility
(Section5.2.2.) or from multiple sources in 1,4-dioxane This is a remaining source 0
proximity releasing tair (Section5.2.2.3 uncertainty

AppendixJ.4). Risks from aggregate exposure
across routes or pathways were evaluated
qualitatively andare a remaining source of

uncertainty.
Other EPA did not identifichemical and nonchemicall EPA did not identify chemical or
Chemical and | factors influencing exposute 1,4dioxane This | nonchemical factors that influence
Non-chemical | is a remaining source of uncertainty susceptibility to 1,4ioxane.There is
Stressors insufficient data to quantitatively address

potential increased susceptibility due to
chemical or nonchemical stressarsl this
is a remaining source of uncertainty

5.2.4 Aggregate and Sentinel Exposures
In this supplement, EPA considers the combineedig#ane exposure an individual meyperience due to
releases from multiple facilities in proximity releasing to air or multiple releases contributing to drinking
water concentrations in a particular locatibor general population drinking water exposure scenarios,
EPA evaluatedombinedexposure and risksom multiple sources of 1;dioxane in surface water
including direct and indirect industrial release3D releases, and upstream background contamination
(Section5.2.2.9). For general population air exposure scenal®¥\ evaluatedombinedexposure and
risk acrossnultiple facilities in proximity releasing to air (Sectibr2.2.3and Appendix].4).

EPA considered aggregatirmgncer risks across inhalatjaral, andor dermal routes of exposure

There is uncertainty around the extent to which cancer risks across routes are additivdifoabd.

Liver tumors are the primary site of cancer risk from oral exposinteslation exposuren ratsis
associated with multiple tumor typescluding liver The lUR used to calculate inhalation cancer risk
reflectscombinedrisks from multiple tumortypes Although EPA concluded that nasal cavity lesions
are likely to be primarily té result of systematic delivery (as discussed on p.192 of the 202thB(fe)

is uncertainty around the degree to which those eftextkl be partially due to portal of entry effects
following inhalation exposurdt is thereforeunclearthe extent to which is appropriate to

guantitatively aggregate cancer risks based on the IUR with liver tumor risks associated with oral or
dermal exposure&PA assessed tpotential impact of aggregation across rolmgsumming risks

from dermal andnhalationexposires for each COU in the occupational risk calcul@aven the
uncertainty around the additive nature of cancer risk across routes, EPA is not relying on these
guantitativeaggregateisk estimatess the basis for riskonclusionsn this assessmertowever, the
aggregate estimates illustrate the potential magnitude of the impact on risk estimates if risks are assumec
to be additive across routdsPA considers the potential aggregate cancer risk across routes to be a
source of uncertainty fdr,4-dioxanecancer risk estimates.

EPA also considered aggregating cancer risks across dermal and oral exgdsudesmal cancer
slope factor is derived from the oral cancer slope fdmtoputeto-route extrapolatiorBecause the
systemic effect is assumed to be the same for both roluedgencydetermined that could be
biologically appropriate to aggregate risk from dermal and oral exposigasral population scenarios
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included inhalation and oral not dermal exposures and occupationeb@aswimer exposure scenarios
included inhalation and dermal not oral exposuresvever this supplement does not include COUs or
pathwaysn whichboth oral and dermal exposure roudes considered

EPA also considered potential for aggregate exposures across groups. For example, there may be some
individuals who are exposed at work as well as through general population air and drinking water
pathways or through consumer product. @&een the uncertainty around the degree to which

individuals may be exposed through multiple scenatiesAgencydid not further quantify aggregate
exposure across occupational, consumer and general population exgosues potential

combinations of exposures scanay the exposures and risks from one scenario are much greater than
from the other scenarios that may be aggregated wittyit ¢ccupational riskéor a particular COU

may be an order of magnitude greater than risks frondib)ane in drinking waten the community

where the worker livgsWhen this is the case, aggregate risk would be very similar to risk from the
scenario with the highest risk. In more rare cases where risks from a particular combination of exposure
scenarios are similae.)., occipational riskdor a particular COUare equal to risks from drinking

water), aggregate risks could theoretically be double the risk from each pathway in isolatEm.

types of aggregate risks were not quantif@dspecific combinations of scenariasd risks for

individual exposure scenarios should be interpreted with an appreciation for potential aggregate
exposures and risks

Section 2605(b)(4)(F)(ii) of TSCA requires EPA, as a part of the risk evaluation, to describe whether
aggregate or sentinel exposures under the conditions of use were considered and the basis for their
consideration. EPA def xposersto &singld chemiedl sulestaneeotisati r e  a s
represents the plausible upper bound of exposure relative to all other exposures within a broad category
of similar or related exposurés4 0 CF R An tiis0s@pplérnt, EBA considered sentinel
exposures Y considering risks to populations who may have upper bound expodthiese possible

EPA focused omssessingxposure scenarios where the greatest exposures are likely toiclcaling

workers and ONUs who perform activities with higher exposure potential and fenceline communities.
The Agencycharacterized higlend exposures in evaluatitfieseexposurescenariosising both

monitoring data and modeling approaches. Where statistical data are available, EPA typically uses the
95th percentile value of the available dataset to characterizehaybxposure for a givabOU.

Althoughthe analysis is intended to ¢ape the exposure scenarios and populations likely to result in the
greatest exposurethe Agencyacknowledges that there may be additional groups with sentinel

exposures that are not captured in this analysis.

5.2.5 Summary of Overall Confidence andRemaining Uncertaintiesin Human Health
Risk Characterization
Theoveralllevel of confidencén each set of risk estimates depends on the level of confidence in the
underlyinghazard valuesummarized in Sectiof.3andthe level of confidence iexposure estimates
described iimmore detail ifSection3.3.

For all riskestimates, EPA has medium to high confidence in the underlying hazard PODs used as the
basis for this risk characterizatidgBources of confidence e@ach otthe hazard values were described in
the 2020 RE and are summarized in Secti@ Cancer risk is the primansk driver for each of the
scenarios evaluated in this supplememd is therefore the basis of overall confidence levels described
heran. There is remaining uncertainty for all risk estimates around the potential impactidxase

on potentially exposed or susceptible subpopulaijas discussed in Secti@2.3. EPA applied an
intraspecies uncertainty factor of 10 to all reamcer PODs to account for variation across gender, age,
health status, or genetic makeapd other factors that may increase susceptipiity the actual
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magnitude of the impact of these factors on susceptibility is unkréwmlarly, EPA evaluated risks

from exposure scenarios that are intended to reflect the most highly exposed pop{iteiiatisag

fenceline communities and highly exposed workdrg) the potential for other highly exposed

populations thaivere not identified in this analysis is a source of uncertaityential for aggregate

risks across routes or pathways that are not quantitatively evaluated in this assessment is another source
of uncertainty

5.2.5.1 Risks from Occupational Exposures
Overall confidence in risk estimates for occupational inhalation exposures ranges from low to high,
depending on the confidence in exposure assessment for each OES/COU. As described #h $ection
overall confidence in the cancer inhalation unit risk underlying these risk estimates is high. As described
in Section3.3.1.1 the neasurecandmonitoredinhalation exposurdata are supported by moderate to
robust evidenceAdditionally, the exposure modeling methodologies and underlying model input data is
supported by moderate to robust evidence. However, there is uncertainty in the representativeness of the
assessed exposure scenarios towards all potential exposuresdivetn OES/COU, limitations in the
amount and age of monitoring data, and limitations in the modeling approaches towalidgdné
specific use within the OES/COU. Therefore, while the underlying data and methods used to estimate
occupational inhalatiorisk is supported by moderate to robust evidence, the overall confidence of these
estimates ranges from low to high depending on the OES/COU. OESg@éific discussions of the
available inhalation exposure data and overall confidence are presentquemdiqb-.6 and
summarized iMable3-2.

Overall confidence in risk estimates for occupational dermal exposures is medium for all OES/COUs
because the same modeling approach was used for all OES/COUs. As described i Sestevall

confidence in the oral and dermal cancer slope factor underlying these risk estimmegdsii to high

As described in Sectid®3.1.2 the dermal exposure modeling methodology is supported by moderate
evidence, with model input parameters from literature sources, a European model, standard defaults
from theChemSTEER User Guidé).S. EPA, 2015 and 1,4dioxane product concentration data from
process information. These sources range from slight to robust, depending on factors such as age and
applicability to OES/COU. The modeling is limited by the use of standprd parameters that are not

specific to 1,4dioxane and a lack of variability in dermal exposure for different worker activities.
Therefore, EPAOGs overall confidence in the occu

5.2.5.2 Risks from General Population Exposures through Drinking Water
Overall confidence in the overall distribution of risk estimates for drinking water exposures resulting
from facility releases ismedium to highOverall confidence in sitspecific risk estimates for individual
facility releases varies both within and across OES, depending on the confidence in thepseifice
release dataAs described in Sectioh3overall confidence in the oral and dermal cancer slope factor
underlying these risk estimatesmedium to highAs described in Sectidh3.2.1 the exposure
modeling methodology used for this analysis is supported by moderate evidence. It is designed to
estimate water concentrations expected at specific locations. Exposure estimates for this scenario are
based on some conservative assumptionstatow rates and release frequency and amaunt.
summary of sources of flow and release data for facility release modeling is presérgblk 7.
Available monitoring data confirm that t¢doxane is present isomesurface water and drinking water,
though most of the available data were not collected near release sites are therefore not directly
comparable. The overall level of confidence depends on the source of OESfeGific release data
asdescribed in Appendik.3and summarized below
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1 Overall confidence in drinking water exposure estimates is medium to high for OESs/COUs that
rely primarily on release data reported to DMR or to TRI via Foriést COUs/OESs are
included in this group.

1 Overall confidence in drinking water exposure estimates is medium for OESs/COUs for which
release estimates are based on reporting to TRI via FoiltheAmport andrepackaginddES
releases used in this analysis are entirely based on Form A reporting of releases, and just under
half of the Industrialses OES releases were reported via Form A.

1 Overall confidence in drinking water exposure estimates is low to medium for OESs/COUs for
which release estimates are based on surrogate or modeled information

Overall confidence in risk estimates for drinking water exposures resulting from DTD reladses

varying population and stream flow conditiaasnedium As described in Sectioh3overall

confidence in the oral and dermal cancer slope factor underlying these risk estinmege®im to high

As described in Sectid®3.2.1 the exposure modeling methodology used for this analysis is supported

by robust evidence and is designed to provide a nationally representative distribution of estimated water
concentrations under varying conditions. Exposure estimates rely on estthsatiedtions ofDTD

releases of consumer and commercial products for each COU.

Overall confidence in risk estimates for drinking water exposures resulting from hydraulic fracturing
releases is mediums described in Sectioh3 overall confidence in the oral and dermal cancer slope

factor underlying these risk estimatesnsdium to highAs described in Sectidh3.2.1 the exposure

modeling methodologuysed for this analysis is supported by robust evidence and is designed to provide

a nationally representative distribution of estimated water concentrations under varying conditions.
Releases used as inputs in the model were estimated using Monte Calmgtbdt captures

variability across sites. However, the modeled exposure estimates are not directly tied to specific
releases at known locations, decreasing the strength of the evidence related to the representativeness of
the exposure estimates fotwal exposures.

Overall confidence in risk estimates for drinking water exposures resulting from for aggregate surface
water concentrations predicted by probabilistic modeling varies across OESAS@escribed in

Sectiond.3 overall confidence in the oral and dermal cancer slope factor underlying these risk estimates
is medium to highAs described in Sectidh3.2.1 the exposure modelingethodology used for this
analysis is supported by robust evidence and is designed to provide a nationally representative
distribution of estimated water concentrations under varying conditions. Available monitoring data
confirm that 1,4dioxane is preser somesurface water and drinking wafethough most of the

available data were not collected near release sites and are therefore not directly compaetddse
locations where monitoring data are available, case studies demogstratal agreemebetween

modeled estimates and measured surface water concentrations. There is some uncertainty around the
proximity of releases to drinking water intake locations and the extent to whiclokahe is further

diluted prior to reaching intake locatiof$e characterization of downstream dilution presented in
5.2.2.1.2%or individual facility releases illustrates the extent to which downstream dilution may impact
overall risk estimated.he overall level of confidence in resulting exposure estimates depends on the
source of OES/COdpecific release datasdescribed in Appendik.3:

1 Overall confidence in drinking water exposure estimates is medium to high for OESs/COUs that
rely primarily on release data reported to DMR or to TRI via Forfést COUs/OESs are
included in this group.

9 Overall confidence in drinking water exposure estimates is medium for OESs/COUs for which
release estimates are based on reporting to TRI via FoftheAmport and repackaginQES
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releases used in this analysis are entirely based on Form A reporting of releases, and just under
half of the Industrialses OES releases were reported via Form A.

1 Overall confidence in drinking water exposure estimates is low to medium for OESs/COUs for
which release estimates are based on surrogate or modeled information

5.2.5.3 Risks from General Population Exposures throughGroundwater and Land
Disposal Pathways

Overall confidence in risk estimates for drinking water exposures resulting from disposal to landfills is
low to medium. As described in SectiérB overall confidence in the oral and dermal cancer slope
factor underlying these risk estimatesnsdium to highAs described in Sectidh3.2.2.1the modeling
methodology is robust. However, the release information relied on as model input data is supported by
slight to moderate evidence. In addition, this drinking water exposure scenario relies on the assumption
that the estimated groundwater centrations may occur in locations where groundwater is used as a
primary drinking water sourcélthoughthe substantial uncertainty around the extent to which these
exposures occur decreases overall confidence in the exposure scenario, this scenario repESEnts a
exposure.

Overall confidence in risk estimates for drinking waters resulting from disposal of hydraulic fracturing
waste is low to medium. As described in Sectdoverall confidence in the oral and dermal cancer

slope factor underlying these risk estimateséglium to highAs described in Sectidh3.2.2.2 the

modeling methodology ibust,and the release information relied on as model input data is supported

by moderate evidence. However, no monitoring data are available to confirm detecticdiokak in
groundwater near hydraulic fracturing operations. This drinking water exposmariscrelies on the
assumption that the estimated groundwater concentrations may occur in locations where groundwater is
used as a primary drinking water sourgkthoughthe substantial uncertainty around the extent to which
these exposures ocatecreases overall confidence in the exposure scenario, this scenario represents a
PESSexposure.

5.2.5.4 Risks from General Population Exposures through Air
Overall confidence in risk estimates for inhalation exposure resulting from industrial releases varies
across COUs. As described in Secto8 overall confidence in the cancer inhalation unit risk
underlying these risk estimates is high. As described in Se&®a8.1 the AERMOD modeling
methodology used for this analysis is robust. The exposure scenarios considered are most relevant to
long-termresidents in fenceline communiti@ere is some uncertainty around the extent to which
people actually live and work around the specific facilities where risks are highest, decreasing overall
confidence in the exposure scena@werall confidence varies due to variable levels of confidence in
underlying release information used to estimate exposures. Ars@EteHic discussion of the
confidence in sources of release information is presented in Appertdd but in general termis
summarized below

1 Overall confidence in risk estimates is medium to high for OESs/COUs that rely primarily on
release data reported to TRI via Form R.

1 Overall confidence in risk estimates is medium for OESs/COUs for which release estimates are
based on data reported to TRI via Form A

1 Overall confidence in risk estimates is low to medium for OESs/COUs for which release
estimates are based on surrogate or modeled information.

Overall confidence in risk estimates for inhalation exposures resulting for air concentrations modeled
based on releases from hydraulic fracturing operations is medium. As described in &8ctiverall
confidence in the cancer inhalation unit risk underlying these risk estimates is high. As described in
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Section3.3.3.2the modeling methodologies used to estimate air concentrations are robust. The
distribution of air releases used as model input data were estimated using Monte Carlo modeling and
rely on assumptions. No air monitoring data were available to confirm ideteftl,4dioxane is air

near hydraulic fracturing operations. Because the air concentrations underlying this analysis are based
on probabilistic modeling, they are not tied to specific locations that can be evaluated for land use
patternsThere is therefore substantial uncertainty around the extent to which people actually live and
work around the specific locations where risks are highest, decreasing overall confidence in the
exposure scenario.

Overall confidence in risk estimates from inhalation exposures resulting from industrial and institutional
laundries is medium. As described in Secdad) overall confidence in the cancer inhalation unit risk
underlying these risk estimates is high. As described in Se&808.2 the modeling methodologies are
robust. The distribution of air releases used as model input data were estimated using Monte Carlo
modeling and rely on assumptions. No air monitoring data were available to determine whether 1,4
dioxane is detected neadunstrial and institutional laundry facilities. Because the air concentrations
underlying this analysis are based on probabilistic modeling, they are not tied to specific locations that
can be evaluated for land use pattefiere is therefore substantial uncertainty around the extent to
which people actually live and work around the specific locations where risks are highest, decreasing
overall confidence in the exposure scenario.
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APPENDICES

Appendix A KEY ABBREVIATIONS AND ACRONYMS

30Q5
7Q10
AC
ACA
ACGIH
ADC
ADD
ADR
AEC
APF
ASTDR
BHET
BLS
BMD
BMDL
CASRN
CDR
CEB
CEHD
CERCLA
CFR
cou
CSF
CT
CWA
DAF
DHHR
DIY
DMR
DRAS
DTD
DWI
DWT
ECHA
ECHO
EPA
EPACMTP

EPCRA
EROM
ESD
FRS
FT

GS
HAWC

Lowest 30day average flow that occurs in gy&ar period
Lowest 7Zday average flow that occurs in ay€ar period
Acute concentrations

American Coatings Association

American Conference @overnmental Industrial Hygienists
Averagedaily concentration

Averagedaily dose

Acute Dose Rate

Acute Exposure Concentration
Assignedprotectionfactor

Agency for Toxic Substances and Disease Registry
Bishydroxyethylterephthalate

Bureau of Labor Statistics

Benchmarkdose

Benchmark dose level

Chemical Abstracts Service Registry Number
Chemical Data Reporting

Chemical Engineering Branch

Chemical Exposure Health Data

Comprehensive Environmental Response, Compensation and Liability Act
Code of Federal Regulations

Conditionof use

Cancerslope factor

Centraltendency

Clean Water Act

Dilution attenuation factor

Department of Health and Human Services
Do-it-yourself

Dischargamonitoring repar

Delisting Risk Assessment Software

Down-the-drain

Drinking water intake

Drinking water treatment

European Chemicals Agenc

Environmental Compliance History Online database
Environmental Protection Agency

Environmental Protection Agency Composite Model for Leachate Migration with
Transformation Products

Emergency Planning and Community RigtKnow Act
Enhanced Runoff Metho@latabase)

Emission Scenario Document

Facility Registry Service

Full-text (screening)

Generic Scenario

Health Assessment Workplace Collaboratita®l)
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HE
HEC
HED
HERO
HHE
HSDB
ICIS
IFC
[IOAC
IRIS
IUR
Koc
Kow
LADC
LADD
LOAEC
LOD
Log Koc
Log Kow
LOQ
MLD
MOE
MRD
MW
NAICS
ND

NEI
NIOSH
NOAEL
NPDES
OAQPS
OCF
OCSPP
oD
OECD
OEHHA
OES
ONU
OPPT
OSHA
PBZ
PECO
PEL
PESS
PET

PF
PNOR
POD
POTW

High-end

Humanequivalentconcentration
Humanequivalentdose

Health and Environment&esearch OnlineEPA Database)
Healthhazardevaluation

Hazardous Substances Data Bank

Integrated Compliance Information System
Industrial Function Category

Integrated Indoor/Outdoor Air CalculatdRA)
Integrated Risk Information System

Inhalationunit risk

Soil organic carbon: water partitioning coefficient
Octanol: water partition coefficient

Lifetime Average Daily Concentration

Lifetime Average Daily Dose
Lowestobserveeadverseeffectconcentration

Limit of detection

Logarithmic organic carbon: water partition coefficient
Logarithmic octanol: water partition coefficient

Limit of quantitation

Million liters per day

Margin ofexposure

Methodology Review DraftEPA)

Molecularweight

North American Industry Classification System
Non-detect

National Emissions Inventory

National Institute for Occupational Safety and Health
No-observeehdverseeffectlevel

National Pollutant Discharge Elimination System
Office of Air Quality Planning and Standards
One-componenfoam

Office of Chemical Safety and Pollution Prevention
Operatingdays

Organisation for Economic Gaperation and Development
Office of Environmental Health Hazard Assessment
Occupationakxposurescenario

Occupationahon-user

Office of Pollution Prevention and Toxics
Occupational Safety and Health Administration
Personabreathingzone

Population, exposure, comparator, and outcome
Permissibleaxposurdimit

Potentiallyexposed osusceptiblesubpopulations
Polyethylengerephthalate

Protectionfactor

Particulatesiot otherwiseregulated

Point ofdeparture

Publicly ownedtreatmentvorks (wastewater)
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PPE
PV
PWS
QA/QC
QE

RE
RCRA
REACH
RESO
SACC
SDS
SDWA

Personaprotectiveequipment

Productionvolume

Publicwatersystem

Quality assurance/qualitgontrol

NHDPIus V2.1 flow values representifithe besEROM estimate of actual mean flaw
(2020RE) Risk Evaluation

Resource Conservation and Recovery Act

Registration, Evaluation, Authorisation and Restriction of Chemicals (European Union)
Receptors, exposure, setting or scenario, and outcomes

Science Advisory Committee on Chemicals

Safetydatasheet

Safe Drinking Water Act

SHEDSHT Stochastic Human Exposure and Dose Simulatiagh Throughput

SIC
SOC
SpERC
SPF
STORET
SUSB
SWIFT
TIAB
TRI
TSCA
TWA
UCMR
u.S.
USGS
VOC
VP
WQP
WWT

Standard Industrial Classification

Standard Occupational Classification

Specific Environmental Release Categories

Spray polyurethandoam

STOrage and RETrieval and Water Quality exchange
Statistics olUnited State8usinesses

Sciome Workbench for Interactive Compukeacilitated Textmining
Title/abstract §creening)

ToxicsRelease Inventory

Toxic Substances Control Act

Time-weighted average

Unregulated Contaminant Monitoring Rule

United States

U.S. Geological Survey

Volatile organiccompound

Vaporpressure

Water Quality Portal

Wastewatetreatment
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Appendix B LIST OF SUPPLEMENTAL DOCUMENTS

AssociatedSystematic Review Data Quality Evaluatiorand Data Extraction Documentsi Provide
additional detail and information on individual study evaluations and data extractions including criteria
and data quality results.

Supplement to the Risk Evaluation 1o4-Dioxanei Systematic Review Supplemental Hiata
Quality Evaluationand Data Extraction Informatiofor Environmental Release and
Occupational Exposure Provides a compilation of tables for the data extraction and data
quality evaluationnformationfor 1,4-dioxane. Each table shows the data paiet or

information element that was extracted and evaluated from a data 8wirhas information
relevant for the evaluation ehvironmental release and occupaél exposur¢U.S. EPA,

2024%. This supplemental file may also be referred to ad ihdioxane Supplement to the
Risk Evaluation Data Quality Evaluation and Data Extraction Information for Environmental
Release and Occupational Exposure

Supplement to the Risk Evaluation 1o4-Dioxanei Systematic Review Supplemental Hibata
Quality Evaluationinformation forGeneral Population, Consumemd Environmental

Exposurdé Provides a compilation of tablésr the data quality evaluatianformationfor 1,4
dioxane. Each table shows the data pa@et or information element that was evaluated from a
data source that has information relevant for the evaluation of general population, coaadmer
environmental exposu@).S. EPA, 2024)1 This supplemental file may also be referred to as the
1,4-Dioxane Supplement to the Risk Evaluation Data Quality Evaluation Information for General
Population, Consumer, and Environmental Expasure

Supplement to the Risk Evaluation fo4-Dioxanei Systematic Review Supplemental Hdata
ExtractionInformationfor General Population, Consumemnd Environmental Exposuie

Provides a compilation of tables for the data extraction fedib¥ane. Each table shows the

data pointset or information element that was extracted from a data source that has information
relevant for the evaluation of general population, consuamer environmental exposufie.S.

EPA, 2024h. This supplemental file may also be referred to ad ihdioxane Supplement to

the Risk Evaluatiobata Extraction Information fdéeneral Population, Consumand
Environmental Exposure

AssociatedSupplemental Information Filesi Provide additional details and information on exposure,
hazard and risk assessments.

Supplement to the Risk Evaluation f94-Dioxanei SupplementdinformationFile:

Environmental Releases £dr i Providesa summary of stack and fugitive air emissions for each
occupational exposure scenario (OES) in thedigkane Supplemental Risk Evaluatifin.S.

EPA, 2024l.

Supplement to the Risk Evaluation io4-Dioxanei SupplementanformationFile:
Environmental Releases to Land for all OES Except DispoBabvidesa summary ofand
releasegor eachl,4-dioxaneOESexcept forthe Disposal OESU.S. EPA, 2024l

Supplement to the Risk Evaluation io4-Dioxanei SupplementanformationFile:
EnvironmentaReleases to Land for the Disposal OEBhis spreadsheet contains a summary of
land releases for the tdloxane occupation®isposalOES(U.S. EPA, 2024m
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https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11778992

Supplement to the Risk Evaluation 1o4-Dioxanei SupplementdihformationFile:
EnvironmentaReleases to Water for OES without TRI or DMR da®aiovidesa summary of
direct and indirect wataeleases foeachl,4-dioxaneOESfor which Toxics Release Inventory
(TRI) and Discharge Monitoring Report (DMR) data were not avail@blg. EPA, 2024p

Supplement to the Risk Evaluation 1o4-Dioxanei SupplementanformationFile:
EnvironmentaReleases to Water for OES with TRI and DMRovidesa summary of direct

and indirect water releases for each-digxane OES for which TRI or DMR data were available
(U.S. EPA, 2024n

Supplement to the Risk Evaluation 1o4-Dioxanei SupplementdihformationFile:

Occupational Exposure and Risk Estimdtézovides a summary of occupational exposures and
risks estimated for attonditions of useGOUs (including those evaluated in this supplemental
evaluation as well as those previously evaluated in the 202Q0RE) EPA, 2024))

Supplement to the Risk Evaluation for-Dipxanei Supplemental Fil&older. Environmental
Release and Occupational Exposure Modgling. EPA, 2029

Supplement to the Risk Evaluation 1o4-Dioxanei SupplementdhformationFile: Drinking
Water Exposure and Risk Estimates forDjdxane Release to Surface Water from Individual
FacilitiesT Provideswater concentrationsstimatedrom individual facility releases reported to
TRI and calculates corresponding drinking water exposures anquisksEPA, 2024

Supplement to the Risk Evaluation 1o4-Dioxanei SupplementainformationFile: Drinking

Water Exposure and Risk Estimates forDijdxane Surface Water Concentrations Predicted

with Probabilistic Modeling Provides water concentratioastimatedy probabilistic modeling

for DTD releases, disposal of hydraulic fracturing waste to surface water, and for aggregate
concentrationgstimateddlownstream of industrial release sjtealculates corresponding

drinking water exposures and risks. This file also calculates drinking water exposures and risks
estimatedrom drinking water monitoring daf@.S. EPA, 2029i

Supplement to the Risk Evaluation f94-Dioxanei SupplementdinformationFile:
EWISRDXLBrunswickCountyNCaseStudyi Provides the Excel workbook file for the
Brunswick County, NC surface water case st(idys. EPA, 2024p

Supplement to the Risk Evaluation f94-Dioxanei SupplementdinformationFile:
EWISRDXLColumbiaTNCaseStudyi Provides théxcel workbook file for the Columbia, TN
surface water case stuly.S. EPA, 2024)

Supplement to the Risk Evaluation f94-Dioxanei SupplementdinformationFile:
EWISRDXLLiverpoolOHCaseStudyi Provides the Excel workbook file for the Liverpool, OH
surface water case stu@ly.S. EPA, 2024

Supplement to the Risk Evaluation f94-Dioxanei Supplemental Information Fil&EWISRD
XL-R probabilisticmodelcodei Provides the R script used to perform the probabilistic surface
water modeling by OES/CO[.S. EPA, 202%a
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Supplement to the Risk Evaluation 1o4-Dioxanei SupplementdihformationFile: WQP
ProcessedurfaceWaterDatai Provides the processed monitoring data in surface water
retrieved from the Water Quality Por(@al.S. EPA, 2024\

Supplement to the Risk Evaluation for-Dibxanei Supplemental File FoldeProbabilistic
Surface Water Model (EWISRBL -R) Files(U.S. EPA, 2024y

Supplement to the Risk Evaluation 104-Dioxanei SupplementdihformationFile: Drinking

Water Exposure and Risk Estimates forDjdxane Land Releases to Landfill®rovides
calculations of groundwater concentration derived from the waste adjusted dilution attenuation
factor extracted frombelisting Risk Assessment Softwdi2RAS) for Landfills and the
corresponding risk calculatiois.S. EPA, 2024t

Supplement to the Risk Evaluation 104-Dioxanei SupplementdihformationFile: Drinking

Water Exposure and Risk Estimates forDijdxane Land Releases to Surface Impoundments
Provides calculations of groundwater concentration derived from the waste adjusted dilution
attenuation factor extracted from DRAS for release of hydraulic fluid produced water to surface
impoundments and the corresponding risk calculaionS. EPA, 2024y

Supplement to the Risk Evaluation 194-Dioxanei SupplementainformationFile: Air
Exposures an®isk Estimates for Single Year AnalyisiBrovides air concentratioestimated
by American Meteorological Society/Environmental Protection Agency Regulatory Model
(AERMOD) for air releases reported to TRI2019and calculates corresponding exposure
concentrations and risdsstimategU.S. EPA, 2024e

Supplement to the Risk Evaluation 194-Dioxanei SupplementainformationFile: Air
Exposure and Risk Estimates for-Dibxane Emissions from Hydraulic Fracturing Operations
T Provides air concentratiomstimatedy Integrated Indoor/Outdoor Air Calculat@fOAC)
based on Monte Carlo modeling of air releases from hydraulic fracturing operations and
calculates corresponding exposure concentrations andlsksEPA, 2024h

Supplement to the Risk Evaluation 1o4-Dioxanei SupplementainformationFile: Air
Exposures and Ridkstimates foindustrial Laundryi Provides air concentratiomstimatedy
IIOAC based on Monte Carlo modeling of air releases firmastrial laundriesind calculates
corresponding exposure concentrations and (iSkS. EPA, 2024x

Supplement to the Risk Evaluation for-Dixanei Supplemental Information File: Air
Exposures and Risk Estimates for Institutional Laundisovides air concentrations estimated
by IIOAC based on Monte Carlo modeling of air releases from institutional laundries and
calculates corresponding exposure concentrations andisksEPA, 2024

Supplement to the Risk Evaluation 1o4-Dioxanei SupplementainformationFile: Air

Exposures and Risk Estimates for MiYlear Analysi$ Provides air concentrations estimated by
[IOAC for 6 years (2015 to 2020) of air releases reported to TRI and calculates the
corresponding exposure concentrations and risk estifiat8sEPA, 202411

Supplement to the Risk Evaluation for-Dipxane- Supplemental Information File: Land Use
Analysis for Ambient Air Provides documentation of land use analysis based on facilities
reporting air releases to TRU.S. EPA, 2024t
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Supplement to the Risk Evaluation 104-Dioxane- Supplemental File FoldetiOAC
Modeling and Results Filg§).S. EPA, 2024s
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Appendix C  SYSTEMATIC REVIEW PROTOCOL FOR THE
DRAFT SUPPLEMENT TO THE RISK EVALUATION
FOR 1,4DIOXANE

The U.S. EPAG6s Office of Pollution Prevention a
in the development of risk evaluations under the amem@e&A. TSCA section 26(h) requires EPA to

use scientific information, technical procedures, measures, methods, protocols, methqdoldgies

models consistent with the best available science and base decisions under section 6 on the weight of
scientific evidence. Within the TSCA risk evaluation contextwibeght of scientificevidence is

defined agia systematic review method, applied in a manner suited to the nature of the evidence or
decision, that uses a pestablished protocol to comprehensively, objectively, transparently, and
consistently identify and evaluate each stream of evidence, inclsidengths, limitations, and

relevance of each study and to integrate evidence as necessary and appropriate based upon strengths,
limitations, and relevancg40 CFR 702.33).

To meet the TSCA section 26(h) science standards, EPA used the TSCA systematipnasass/

described in th®raft Systematic Review Protocol Supporting TSCA Risk Evaluations for Chemical
Substances, Version 1.0: A Generic TSCA Systematic Review Protocol with Clsgreaifit
MethodologiegU.S. EPA, 20211(2021 Draft Systematic Review Protocdlpble ApxC-1. Section 3

of the 2021 Draft Systematic Review Protocol depicts the steps in which information is identified and
whether it undergoes the formal systematic review prgtcéss EPA, 2021 Information attained via

the systematic review process is integrated with information attained from sources of information that do
not undergo systematic reviee.g.,EPA-generated model outputs) to supponteaght of scientific

evidence analysis.

Scope Risk Evaluation
Systematic Review Crmallisiems e Rick
the Weight of the ..
1 7 entific Evid Characterization
Literature Searchin; Test Scientific Evidence across disciplines
! is , & Order/ Weight of the Scientific Evidence Analysis P
and screening Rule Data Analysis! for each discipline and across
disciplines
Legend
2 4
Data Evaluation TSCA Process/Product “Weight of the
Scientific Evidence
" Ewdenct_f Integration of St Mo 5 (WQ§E) considers
Systematically Reviewed the results of the
3 Data Extraction data Systematic Review
(in scope chemicals) Non-Systematic Review | methodand
T — additional evidence
systematic approaches) integrated from non-

systematic review
methods. Analysis of

s Data Gap filling from sources

outside of the Systematic Review Step utilizing Systematic | ¢ o2k

Evidence Integration of data include evidence

process obtained outside of Review and non- integration across
(i.e. systematic approaches using Systematic Review Systematic Review disciplines.
model outputs, analogue, qualitative R
. ; esults
information on a COU)

Figure_Apx C-1. Overview of the TSCA Risk Evaluation Process with Identified Systematic
Review Steps
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The process complements the risk evaluation process iarthased to develop the exposure and hazard
assessments based on reasonably available infor
to mean information that EPA possesses or can reasonably obtain and synthesize for use in risk
evaluations, casidering the deadlines for completing the evaluation (40 CFR 702.33).

C.1 Clarifications and Updates to the 2021 Draft Systematic Review
Protocol

In 2021, EPA releasatie 2021 Draft Systematic Review Proto¢bl.S. EPA, 2021) a framework of
systematic review approaches under TSCA, to address comments received on a precursor systematic
review approaches framework, tApplication of Systematic Review in TSCA Risk Evaluatloris

EPA, 2018§. In April 2022, theSACC provided comments on tf#921 Draft Systematic Review
Protocol while additional comments on OPPTO&s sy
public comment period. In lieu of an update to the 2021 Draft Systematic Review Protocol, this
systematic review protocol forétsupplement to the Risk Evaluation for-Dibxanedescribes some
clarifications and different approaches that were implemented than those described in the 2021 Draft
Systematic Review Protocil respone to (1) SACC comments, (2) public comments, or (3) to reflect
chemicalspecific risk evaluation needs.

C.1.1 Clarifications and Updates
Throughout the 2021 Draft Systematic Review Protocol, there were some terms used that were not
explicitly defined, resulting in their different uses within the docunfierfs. EPA, 2021a Table Apx
C-1lists the terms that were updated to resolve some of the confusion expressed by the public and
SACC comments regarding the implementation of the respective systematic-refats step. One
main clarification is thaall references that undergo systematic review are considered for use in the risk
evaluatior® even those that do not meet the various discipline andisalpline screening criteria.¢.,
RESO, PESO, PECO) or that are categorized as supplemental information at title and abstract (TIAB) or
full-text (FT) screening.

Section 4.2.5 of the 2021 Draft System&&view Protocotlescribes how data sourcesy(,individual
references, databases) may be tagged and linked in epidemiological cohort studies when information is
present in multiple studigs).S. EPA, 2021 References will generally undergo data quality evaluation

and extraction if there are data that pass screening criteria; however, to prevent the same data from beinc
represented multiple times and conflating the amount of available information on & ankie EPA

selects the reference(s) that most appropriately describes the extractable results (indicated as the parent
reference in DistillerSR). For example, if two references portray the same information from the same
dataset, only one is counted iretbverall dataset.€.,deduplication). If two references contain

information about the same dataset, but only one provides additional contextual information or summary
statistics €.g.,mean), both data sources are linked but the extractable infornfraimofoth may be

combined in DistillerSR. This allows the capture of key information while avoiding double counting the
data of interest, which may be the case whether or not one reference contains original or extractable data
that passes screening crigeri

The linked reference containing the majority of the data, which are evaluated and extracted, is identified
in DistillerSR as the parent reference; the fAco
undergo data evaluation and extraction. Linkimg teferences in DistillerSR allows the reference with

more limited information or only contextual information to be tracked and utilized to evaluate the
extracted data in the other related studies. The child reference may undergo data quality evatliation a
extraction if there are additional unique and original data that pass screening criteria. One clarification is
that this procedure of identifying potential duplicative informatpplies to all information that is
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considered in a risk evaluation under TSCA (not just epidemiological cohort stutlss)this
procedure may apply when there is duplicative information in two references, even if it is more than just
Afcontextual . o

Section 5 of the 2021 Draft Systematic Review Protocol describes how EPA conducts data quality
evaluation of data/information sources considered for a respective chemical risk evaluation, with Section
5.2 specifically explaining the terminology used toadie® both metric and overall data/information

source quality determinationfs.S. EPA, 2021x To respond to both SACC and public comments
regarding the i nappropriate use of quantitative
AnOverall St ERAyeciBe tmktimplgnsent quantitative methodologies to attain either

metric and overall data/information source quality determinat@md therefore updated the
terminology used for both metric (fAMeOvwrallc Ranki
StudyRanki ngo) qual Tablg Apk@l). Speaficatyametrio and overall

data/information source quality determination t
AOverall Quality Determinationo, respectively.
inconsistently with he word #Arankingo in the 2021 Draft Sy
has been rectified, resulting in the word Al eve

data/information source quality determinatigbsS. EPA, 2021g

Sectiors 4.3.2.1.3 an@ of the 202Draft Systematic Review Protoctéscribe when EPA may reach

out to authors of data/information sources to obtain raw data or missing elements that are important to
support the data evaluation and data integratiepsU.S. EPA, 2021r In such cases, the request(s)

for additional data/information, number of contact attempts, and responses from thearethors
documented. EPAOGs outreach is considered unsucc
phone requests withihmonth of initial attempt(s) of contact. Omeportantclarification to this

guidance is thaEPA may reach out to authors anytime during the systematic review process for a given
data/information source or reference, and that contacting authors does not explicitly happen during the
data quality evaluation or extraction steps.

Table_Apx C-1. Terminology Clarifications between the 2021 Draft Systematic Review Protocol
and the Systematic Review Protocdbr the Supplement to the Risk Evaluation for 1,4Dioxane

Systematic Review Protocol
2021 Draft Systematic | for the Supplement to the Risk Clarification
Review Protocol Term Evaluation for 1,4-Dioxane

Term Update
ATitle and ATitle and abs/To increase consi ste
ATitl e/ abst abstracto will be wus
specifictoit i t | e and abst

Variations of how Meets/does not meet The term Aincludeod o
Ainclude, O PECG/PESO/RESO screening| suggests that a reference was or was not,
fi P E GRESO/RESC criteria respectively, considered in the risk evaluatig
relevant o i There was also confusion regarding whethe
reference was considere| fifon topi c PESAHRESE P E C (
for use in the risk relevant 0o were synon
evaluation, whereas those references were explicitly considered
fifexclude, O use in the risk eval
finot topi co anUPESAIRESO P E C(
PECG/PESO/RESC relevanto references
relevant o i meet the screening criteria proceed to the n¢
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2021 Draft Systematic
Review Protocol Term

Systematic Review Protocol
for the Supplement to the Risk
Evaluation for 1,4-Dioxane
Term Update

Clarification

reference wanot
considered for use in the
risk evaluation.

systematic review step; however, all referen
that undergo systematic review at any time ¢
considered in the risk evaluation. Informatio
that is categorized as supplemental or does
meet screening criteria are generally less
relevant for quantitatie use in the risk
evaluation but may be considered if there is
data need identified. For instance, mechanis
studies are generally categorized as
supplemental information at either title and
abstract or fultext screening steps but may
undergo the maaining systematic review step
if there is a relevardata need for the risk
evaluation ¢.g, dose response, mode of
action).

Database source not
unique to a chemical

Database

Updated term and definition éDatabasé
Data obtained from databagdesatcollate
information for the chemical of interest using
methods that are reasonable and consistent|
with sound scientific theory and/or accepted
approaches and are from sources generally
using sound methods and/or approackes. (
state or federal governments, academia).
Example databas@scludeSTORETand the
Massachusetts Energy and Environmental
Affairs Data Portal

The term in the 202Draft Systematic Review
Protocol(Table_Apx N1) incorrectly
suggested that databases that contain
information on aingular chemical are not
consideredU.S. EPA, 2021 Furthermore
the wording flargeo
confusion and the incorrect suggestibat
there is a data size requirement for databast
that contain information that may be
considered for systematic review.

Metric Ranking or Level

Metric Rating

As explained above, EPA is not implementin
guantitative methodologies to indicate metric
quality determinations, therefore the term
Airankingo i s inapprgd
was inconsistently used to indicate metric
quality determinations previousliherefore,
the Agencyis removing the use of this term t
reduce confusion when referring to metric
qguality determinati g
more appropriate to indicate the use of
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2021 Draft Systematic
Review Protocol Term

Systematic Review Protocol
for the Supplement to the Risk

Clarification

Evaluation for 1,4-Dioxane
Term Update

professional judgement to determine a quali
level for individual metrics.

Overall Study Ranking o
Level

Overall Quality Determination

(OQD)

As explained above, EPA is not implementir
guantitative methodologies to indicate overa
data/information source quality
determinati ons, t her
i nappropriate. The t
inconsistently used to indicate overall
data/infamation source quality determinatior
previously therefore, the Agendg removing
the use of this term to reduce confusion whe
referring to overall data/information source
qguality determinati g
more appropriate to indicate the wse
professional judgement to determine a quali
level for the overall data/information source
quality determination

ECOOo
ESOOo

stands for
stands f or
stands f or

Popul ati on,
Pat hways or
Receptors,

Exposure, Compa
Processes, Expo
Exposur e, Settin

C.2 Data Search

To expand upon the previous analysis conducted in the 2020 REufiptement to the Risk Evaluation

for 1,4 Dioxaneaddresses additional COUs in which-tljdxane is present asogproduct of the
manufacturing process and evaluates risks from general population exposurediasdhné released to
water, air, and land. This supplement focuses on evaluating additional exposure pathways that were not
addressed in thieinal Risk Evaluation for 14Dioxane(U.S. EPA, 2020x Therefore, the data search
focused on prioritizing updated literature search results to characterize environmental releases and
occupational exposure, and general population, consumer, and environmental exposure information to
evaluate the exposure patiye in scope for this supplement. Data sources may also contain information
that may be used to evaluate exposure pathways already addressed in the QOZ0 REA, 2020c
(i.e.,consumer exposure). Below are the additional exposure pathways being assessed in this
Supplement to the Risk Evaluation for-Dibxane(Sectionl.2).

1 Occupational exposure, including PESS, to
o 1,4dioxane present as a byproduct in commercial products during ethoxylation
processing or polyethylene terephthalate (PET) manufacturing and in hydraulic fracturing
waste (Section8.1, 5.2.1)
1 General population exposures, including PESS, to
o 1,4dioxane present in drinking water sourced from surface water as a result of direct and
indirect industrial releases abd' D releases of consumer and commercial products
(Section2.3.], 3.2.2and5.2.2.));
o 1,4dioxane present in drinking water sourced from groundwater contaminated as a result
of disposals (Sectiors3.2 3.2.2.2and5.2.2.1.9; and,
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o0 1,4dioxane released to air from industrial and commercial sources (SEZBRS8.2.3
and5.2.2.3.

C.2.1 Multi -disciplinary Updates to the Data Search
For thisSupplement to the Risk Evaluation for-Dibxane the updated literature search was conducted
as described in Section 4 of th@21Draft Systematic Review Protoc@).S. EPA, 2021xpwhere the
peerreviewed and gray literature updated search followed the approach outlined in Sections 4.2 and 4.3
of the 2021 Draft Systematic Review Protocol, respecti@el$. EPA, 2021a The updated search for
peerreviewed and gray literature relevant references was completed in October 2021 and January 2022,
respectively, which also considered information found foHihal Risk Evaluation for 1Dioxane
(U.S. EPA, 2020x Occasionally additional data sources relevant for the risk evaluation may be
identified after the initial search for peviewed and gray literature; these data sources will then
undergo systematic review for the relevant discipline(s). Additionallgh éiscipline utilizes different
strategiesd€.g.,search strings) to attain their discipligpecific pools of data sources that undergo
systematic review.

As mentioned in Section 4.2.2 of the 2021 Draft Systematic Review Protocol, a supplemental literature
search is conducted to fill data gaps, but in this supplement, the supplemental search was conducted to
update the literature search conducted to ideatfify potentially relevant environmental release and
occupation exposure and general population, consumer, and environmental exposure inf@ondation

EPA, 2021 Rather than utilizing positive and negative seed references as described in Section 4.2.4.2
of the 2021 Draft Systematic Review Protocol, search strings were used in S\RHE¥Tew to better

identify relevant references to evaluate exposure pathways addressed in this sugplémé&imA,

202139. The language describing the new exposure pathways ang tb@tre in scope fdhis

supplement was used to derive the search stlistgsl below in Section€.2.3.1andC.2.3.2 When the

search strings are identified in the title, abstract, keyword, or Medical Subject Heading (MeSH) fields of
a given reference in SWIFReview, those references proceeded with TIAB screening.

The evaluation of physical and chemical properties, fate properties and environmental and human health
hazard information did not differ from the respective information provided iritte Risk Evaluation

for 1,4Dioxane(U.S. EPA, 2020xto address the additional exposure pathways in this supplement,
therefore no additional references were identified for these respective topics or underwent systematic
review for these disciplines. One minor clarification to what was described in thé®28f2 Bystematic

Review Protocol is that the PECO statement used to screen general population, consumer, and
environmental exposure information considered for this supplement, currently resides in Appendix
Section H.5 (which was intended to encompass PE@tements regarding environmental and human
health hazard information), rather than in Appendix Sectionbl.4. EPA, 2021r Please see
AppendixC.3.2below for additional updates specific to the implementation of the PECO statement.

C.2.2 Additional Data Sources ldentified

As mentioned above in Appendix2, additional data sources containing potentially relevant

information for a respective risk evaluation may be identifiead this supplement, additional gray

literature data sources were identified for the characterization of environmental release and occupational
exposure andaneralpopulation,consumer, anénvironmentakexposure as explained below in
SectionsC.2.2.1andC.2.2.2 respectively. Finally, during the public comment period and review of the
Draft Supplement to the Risk Evaluation for-Dxane additional data sources were identified and

YSWI FT is an acronym for #fSci onfacilitatedTedne m¢ m gf @cti@Wh F8r act i
Screener uses machine | earning approaches to save screen
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considered for this supplement; those additional data sources were incorporated into the systematic
review process described below.

C.2.2.1 Additional Data Sources Identified for Environmental Release and
Occupational Exposure

As explained in Appendix E of the 2021 Draft Systematic Review Profocsl EPA, 2021y generic
scenarios and emission scenarios documents are listed as part of the initial gray literature sources. Some
generic scenarios and a draft emission scenario document became available after the gray literature
search was completed in January 2022 w&are considered for the environmental release and
occupational exposure assessment. This includes the Draft OECD ESD on Hydraulic Frédt&ring
EPA, 2022% Draft GS on Furnishing Cleaning ProdugisS. EPA, 2022 EPA Methodology Review
Draft (MRD) on Commercial Use of Automotive Detailing ProdytisS. EPA, 2022 and Draft GS
on Use of Laboratory Chemicgls.S. EPA, 20221 The wupdated sources were
and Environmental Research Online (HERO) database in 2022 as well as the systematic review process

In addition to the gray literature sources listed above, an online database called FracRa&WS°8.0

and I0GCC, 202pwas included in the pool of references EPA considered for environmental release and
occupational exposure through backward searching. These are described in Section 4.4 of the 2021 Draft
Systematic Review Protoc@l.S. EPA, 2021a Backward searching from the Draft OECD ESD on

Hydraulic FracturindU.S. EPA, 20221 ed t o EPAOGs identification of
gathered the data directly from the source and only pulled data specific to sites that reported-using 1,4
dioxane in fracturing fluids. This source was added to the HERO database as wedlyatetimatic

review process.

C.2.2.2 Additional Data Sources Identified for General Population, Consumer, and
Environmental Exposure

In addition to the gray literature sources listed in Appendix E of the 2021 Draft Systematic Review
Protocol(U.S. EPA, 2021 several other gray literature sources were considered for inclusion the
general population, consumer, and environmental exposure assessment and added to the HERO databa:
in 2022. The Water Quality Portal ( WQrageartiat abas
RETrieval) database, was incorporated because it includes a large variety of chpetdal data
Also, WQP is a portal that combines data from multiple databasetjust STORE® such as the U.S.
Geol ogi cal Surveyo6s Nat ilnformation fMia W@R wag collieated imduly i o n
2022.

A few additional gray literature sources (databases) were included in the pool of references EPA
considered on general population, consumer, and environmental exposure through backwards searching,
which is described in Section 4.3.3 of the 2021 Draft Syatie Review ProtocdU.S. EPA, 2021n

Backwards searching from the Third Unregulated Contaminant Monitoring Rule (UCMR3) database
(U.S.EPA, 2017l ed t o EPAGs identification of-dakanea fro
for longer periods of time than reported in UCMIEPRA was able to secure and incorporate data from

three state databasés addition, elevated levels of lgdoxane in samples from UCMR3 and a

reference found in the pool of pe@viewed articles led to addition to databases with data en 1,4

dioxane levels measured in drinking water and surface water in the Cape Fear &tateisbrth

Carolina Six of the highestoncentrations of 1;dioxane in the UCMR3 database were reported in

water from this watershed, which were also discussed in one of the references found in the literature
search for peereviewed sourced\ll gray literature database sources added to the search, including the
datasets from North Carolina, were added to HERO and the systematic review process (se@.3ection

for further information).

Page204of 570


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10415760
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10366193
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10366193
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10368811
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10480464
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10480466
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10291772
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10291772
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10415760
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10366193
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10415760
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10415760
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10410586

C.2.3 SearchStrings
As explained above in Secti@h2.3 the search strings below were used to identify references relevant
to evaluating environmental releases and occupational exposure, as well as general population,
consumer, and environmental exposure.

C.2.3.1 Environmental Release and Occupational Exposure Search Strings
Life Cycle:
T 1 A BL,4dipxane® AND (fiMFGO OR fimportd OR fiprocessing OR fimanufacturd OR fireleases
OR fwaste disposalOR fireaction productOR firepackaging OR firecyclingd OR fithroughpud OR
floperating day3OR fibatchd OR fiproduction speet))

Treatment Efficiencies:

T 1 A BLA4dioxan® AND (ARGACO OR figranular activated carbO®R fireverse osmosiOR
fiadvanced oxidatianOR fihydrogen peroxide with ultravioleOR (fihydrogen peroxideAND fiUV Q)
OR fihydrogen peroxide with 0zoa®©R (fihydrogen peroxid@AND fiozon&) ORAAOPO OR
fiFenton's reage@OR fbioremediation))

Occupational Workers:

T 1 A BLA4dioxan® AND (fianitor*o OR fimechanio OR flaboren OR ficustodia® OR fipainter®
OR filaboratory techniciamOR flaboratory employee@*OR (fipharmaceutical AND (fiemploye@ OR
fiworkerd OR fitechniciam)) OR fresidential constructianOR findustrial constructio))

General:

T 1 A BL,4dipxane® AND (fisurfactand OR fiethoxylat’®d OR finonylphenol ethoxylateOR
fialkylphenol ethoxylat@OR fisulfatea OR findustrial laundrd OR ficommercial launds OR
finstitutional laundrd OR finstitutional laundrd OR fiadvanced oxidatianOR flozoneperoxide
advanced oxidatianOR flow dioxan® OR flow dioxane ether sulfatée ©R Alow dioxane ethoxylated
surfactantd OR Alow 1,4 dioxane ether sulfate®R Alow 1,4 dioxane ethoxylated surfactan®R
fisafety data she@OR fimaterial safety data shept

Process Uses:

T 1 A B1,4dipxan® AND (fistabilizep AND (fichlorinated solventsOR fidegreasing OR
fielectronics manufacturingdR fimetal finishin@)) OR (isolvend AND (fhistologyo OR ficellulose
acetate membran®R fimicroscopy OR florganic chemical manufacturia@R fiorganic chemica))
OR (fitextiled AND (fiwettingd OR fAdispersin@)) OR (esterificatiom AND (fiby-productd OR
fibyproducd)))

Product Uses:

T 1 A BLA4dioxan® AND (fisolvend AND (fipaint*0 OR flacquer®® OR fivarnish removerOR
fistaird OR fiprintingd OR fiscintillationd OR firesin*o OR foil* 0 OR firubber chemicasOR firubben
OR fisealant® OR fiadhesived OR fiwax*0 OR ficement®)))

Tl AB: -d( ™ X ,a% e artificidNI&ath¢o®OR fipurifying agend OR fantifreezé& OR fide-icingo
OR fipesticided OR ffumigant*0))

CARNsof EthoxylatedChemicals:

T | A B900565/60 OR fi308831-10 OR fi6808198-10 OR f6843950-90 OR fi6855112-20 OR
fi6843949-60 OR 9043 30-50 OR 2618352-80 OR f900292-00 OR f9004-82-40 OR f900564-50
OR6813140-80 OR 16899148-00 OR i3725167-50 OR f527468-00 OR i86452951-10 OR
fi8413350-60 OR 6843945-20 OR 6898 7%81-50 OR 9003 11-60 OR 6179129-50 OR f9005-08-70
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OR6179213-70 OR16673608-90 OR fi305599-00 OR %6645514-90 OR i6813139-50 OR
f6821323-00 OR 6895167-70 OR 6645515-00 OR 6179126-20 OR iI9004-95-90 OR f99005-00-90
OR6182742-70 OR6808191-40 OR i16858540-00 OR f66881556-50 OR 6178885-00 OR fi3055
97-80 OR 112031348-60 OR f6843946-30 OR f6922722-10 OR fi6800297-10)

C.2.3.2 General Population, Consumer, and Environmental Exposure Search Strings
Population:
T | A Bgenef@lfpopulatiomOR fibystanderg OR finearfacility 0 OR findustrial facilit*o OR
ficommercial facilitdo OR fiemploye® OR fiemployees OR fiworker*o OR fimanufactured OR finear
disposab OR finear surface disposeDR fichild*0 OR fiteenaged OR fisusceptible populatiarOR
fimmunocompromisealOR fipreschoad OR fisenior® OR folder adultd OR fielderlyd OR fipregnant
womerd OR fipreexisting conditiond OR Alactating womea OR fichildbearing OR fiprenatab OR
finfant*0 OR fadolescend)

Landfills:

T | A Bdioxa(e@AND (filandfillo OR fleach® OR fincineratiord OR fiwastewatey OR AGACO OR
figranular activated carbO®R fireverse osmosidOR fiwaste sité OR fland disposal OR fiwaste
disposab OR Alandfill leach*0))

Indoor Air and Water:

T | A Bdioxaf@AND (finhal*0o OR fitap wated OR fiwater welb OR findoor aio OR fisurface water
OR figroundwated OR fioutdoor aid OR fiambient aid OR fAdrinking wated OR (fibiomonitoringd OR
fimonitoringd AND (faird OR fiwateit)) OR fAdrinkingd OR fiaquifed OR fleach* OR fimunicipal
wate)) NOT (fispillo)

Consumer and Industrial Use:

T 1 A BL,4dipxan® AND (fingest® OR fiswallow*0 OR fishowering OR fibathing OR fiswimming
OR fiwading OR finhal*0 OR fipaint*0 OR findustrial manufacturd OR firesidential constructianOR
ficommercial constructianOR ficleaning OR fdishwashey OR fiprintingd OR ffood supplements OR
fipackaging OR fibreast milkb OR fihuman millo OR fintake rate§ OR flaunder® OR fisurface
cleaneo OR fiautomotive))

Concentration and Dose:

T | A Breferdnde concentratioi©R ARfCo OR ANOAELO OR ALOAEL 6 OR fibenchmark
concentration OR fireference doseOR fiRfDO OR fichronic orab OR fichronic inhalation OR fioral
slope factod OR fisoil screening levelOR APELO OR fipermissible exposure lindiOR fiweighted
averageé OR fiweight fractio OR fiemission rated OR finhalation unit risk OR AlURO OR fidose
response OR fireverse dosimetn/OR fibiomonitoring OR fimedia concentratio®OR (fiestimate®
AND (fiacute OR fisubchronié OR fichroni@)) OR fisingledos® OR firepeateedose OR fidaily
intaked)

C.3 Data Screening
Sections 4.2.5 and 4.3.2 of th@21Draft Systematic Review Protocdéscribe howitle and abstract
(TIAB) and full-text (FT) screening, respectively, are conducted to identify references that may contain
relevant information for use in risk evaluations under TSCA using discipfigeific screening criteria
(defined below in Sectiors.3.1.1andC.3.2.1(U.S. EPA, 20213 Specifically, TIAB screening efforts
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may be conducted using thpecialized welbased softwarprogramdDistillerSR*® and SWIFFActive-
Screenéf; however, for this supplement, EPA used SW&dtive-Screener exclusively. Additional
details on how SWIFT ActiwScreener utilizes a machih@arning algorithm to automatically compute
which unscreened documents are most likely to be ref\anetavailable in Section 4.2.5 of the 2021
Draft Systematic Review Protoc@).S. EPA, 2021 During TIAB screening, if it was unclear whether
a reference met the screening criteea(PECO/RESO/PESO statements) without having the full
reference to review, or if a reference was determined to meet the screening criteria, that reference
advanced to fultext screening if the full reference could be retrieved and generated into a Portable
Document Format (PDF).

Literature inventory trees were introduced in the scoping process for the risk evaluations that began
systematic review in 2019 in response to comments received from the SACC and public to better
illustrate how references underwent various systematicwestieps €.9., TIAB and full-text screening).

As explained in various final scope documeetg (Section 2.1.2 in thEinal Scope of the Risk

Evaluation for 4,4 (1-Methylethylidene)bis[2,-6libromophenol(U.S. EPA, 2020)), literature

inventory trees demonstrate how references that meet screening criteria progress to the next systematic
review step. EPA used the Health Assessment Workplace Collaborative (HAWC) tool to develop web
based literature inventory trees to enhatheectransparency of the decisions resulting from the screening
processes. Updates made to the available literature considered for the supplement that are made betwee
publishing the draft and fin&upplement to the Risk Evaluation for-Dixane(e.g.,additional

references may be provided to the EPA through public comment) will be reflected in HAWC (see also
hyperlinks to HAWC in the figure captions below for each respective literature inventory tree).

The webbased literature inventory trees in HAWC also allow users to directly access the references in
theHEROdatabase (more details available in Section 1 of the 2021 Draft Systematic Review Protocol)
by selecting appropriate nodes, which indicate whether a reference has met screening criteria at different
screening steps and/or types of content that may berdest at that respective systematic review step

(U.S. EPA, 2021r Furthermore, as mentioned in the various final scope documents, the sum of the
numbers for the various nodes in the literature inventory trees may be smhltgeothan the

preceding node because some studies may have unclear relevance or be relevant for many categories of
information. The screening process for each discipline varies and the nodes in the literaticsey

tree indicate the screening decisions determined for each reference and whether specific content could
be determined; if no references had a specific screening decision and/or contained specific content
relevant for a respective discipline, a node will be present on the literaturesenory tree to depict

this.

In the literature inventory trees below, which depict systematic review search results used to evaluate the
new exposure pathways in this supplement, some references were unattainabkeebir Safeening.
Then PDF unavail ableo node refers to references o

15 As noted on th@®istillerSR web page t hi s sy st e maautomates thevniamagemenoof litevatare eolledtion,
triage, and assessment using Al and intelligent workflaesroduce transparent, audit ready, and compliant literature

r e vi &RAsuses DistillerSR to manage the workflow related to screening and evaluating references; the literature search
is conducted external to DistillerSR.

18 SWIFT-Active Screener is another systematic review software that EPA is adopting in the TSCA systematic review
process. FBWHA-ASiceiSoaenecdveeb page fsd&eening proceeds, reviewers include or exclude articles

while an underlying statistical model in SWHAKLtive Screener automatically computes which of the remaining unscreened
documents are most | ikely to be tnueusleupdated duringisereesinggimpeovingv e L
its performance with each reference reviewed. Meanwhile, a separate statistical model estimates the number of relevant
articles remaining in the unscreened document |ist. o

17 Description comes from the SWIFActive Screeneweb page
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obtain the entire reference or source of data/information but were identified in the literature search
because of the availability of the title and abstriaet.the references considered to evaluate
environmentakelease andccupationakxposure all references that passed screening criteria were
found and underwent futext screeningror the references considered to evaluate general population,
consumer, and environmental exposure, one PDF could not be obtained through interlibrary loan or
through othechannels available to EPA to obtain reprints of published sources.

As mentioned in Sectio@.1, although all information contained in references that enter systematic
review are considered for use in the risk evaluation, the references that satisfy the screening criteria are
generally deemed to contain the most relevant and useful informatiomai@coeerizing the uses,

exposure, and hazard of a chemical of interest and are generally utilized in the risk evaluation (and can
be used later on to identify further data nee@s)the other hand, data or information soutbas do

not satisfy the screening criteria outlined below may undergo data quality evaluation and extraction
should a data need arise for the risk evaluation.

C.3.1 Environmental Release and Occupational Exposure
During data screening, EPA followed the process described in Appendix H, Se&iohtHe 2021
Draft Systematic Review Protoc@).S. EPA, 2021xto conductitle and abstracndfull -text
screening for 14lioxane literature search resujisided by the RESO statemeRESO stands for
ReceptorsExposure Setting or Scenario, andutcomesThe same RESO statement was used during
title and abstract, and feléxt screening for references considered for the evaluation of environmental
release and occupational exposure informatiord fédioxane TIAB were performed using SWIFT
Active-Screener. Data or information sources that comply with the screening criteria specified in the
RESO statemenhen undergo data quality evaluation and extrackagure ApxC-2 presents the
number of references that report general engineering data, environmental release, and occupational
exposure data that passed RESO screening criteria at TIAB ateXiudicreening.
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C.3.1.1 Environmental Release and Occupational Exposure Literature Inventory Tree

General
Engineering Assessment

@

Peer-Reviewed Occupational
Literature Search Exposure
Environmental
Release
Meets RESO Criteria
at FT Screening
Meets RESO Criteria Does Not Meet RESO Criteria General Engineering
at TIABScreening atFT Screening Assessment
® ®
Supplemen!:al Gray Occupational
1,4-Dioxane Does Not Meet RESO Criteria atFT Screening Literature Search Exposure
Risk Evaluation: at TIAB Screening
Environmental Release
and Occupational Exposure
Supplemental Environmental
at TIAB Screening Release

Figure_Apx C-2. Literature Inventory Tree i Environmental Releases and Occupational

Exposure Search Results for 1 Dioxane

View the interactive literature inventory treeHii\\WC. Data in this figure represent all references obtained from

the publicly available databases and gray literature references searches that were included in systematic review as
of March 25 202. Additional data may be added to the interactive version as they become available.

C.3.2 General Population, Consumer, and Environmental Exposure
The TIAB and fulttext screening process was consistent with what EPA previously outlined in Sections
4.2.5 and 4.3.2 of the 2021 Draft Systematic Review Protocsl. EPA, 2021 PECO stands for
Population,Exposure Comparator or Scenario, a@litcomes for Exposure Concentration or Dose. The
PECO statement, as depicted in Appendix H.5.14 of the 2021 Draft Systematic Review Rtbfacol
EPA, 20213 was refined to better identify references that may contain information relevant for this
supplement. Specifically, data that are relevant for characterizing exposuredtoxgde in food,
including biota that humans consume, was not evaluated andtegtimecause l-dioxaneis not
expected to bioaccumulate in organisms likely to be consumed by hubnaimgy TIAB screening, if it
is unclear if a reference will meet the PECO screening criteria without having the full reference to
review, or if a reference is determinediteetthe PECO screening criteria, that reference will advance
to full-text screening. Studies containing potentially relevant supplemental material were also tracked
and categorized during the literature screening process. Relevant supplemental material may be
reviewed, evaluated for data quality, and incorporated into risk evalua®nsgded. For example,
references were considered supplemental if they contained data from countries outside of North America
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on 1,4dioxane levels associated with landfllecause different countries have very different waste
management policiggcluding requirements for landfills), athacal hydrogeologyn other regions

may not be relevant to sites in the United Stdtagire  ApxC-3 presents the number of references that
report general population, consumer, and environmental exposure data that passed PECO screening
criteria at TIAB and fultext screening.

C.3.2.1 General Population, Consumer, and Environmental Exposure Literature
Inventory Tree

O,

Monitoring
Study

(1) ®

Peer-Reviewed Modeling
Literature Search Study

‘H Experimental

Meets PECO Criteria Study
at FT Screening

Does Not Meet PECO Criteria Gray Database

.a at FT Screening Literature Search
Meets PECO Criteria

at TIAB Screening
Supplemental
at FT Screening

1,4-Dioxane Does Not Meet PECO Criteria
R .
Risk Evaluation: atTIAB Screening

General Population, @
Consumer, and PDF
Environmental Exposure Unavailable

Supplemental
at TIAB Screening

Figure_Apx C-3. Literature Inventory Tree 1 General Population, Consumeyand Environmental

Exposure Search Results for 1 Dioxane

View the interactive literature inventory treeHii\\WC. Data in this figure represent all references obtained from

the publicly available databases and gray literature references searches that were included in systematic review as
of April 23, 2024. Additional data may be added to the interactive version as they become available.

C.4 Data Evaluation and Data Extraction

Data evaluation and extraction for this supplement are as described in Sections 5 and 6 ofnaf2021
Systematic Review Protoc@l.S. EPA, 2021 Data evaluation is the systematic review step in which
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EPA assesses quality of the individual data sources using the evaluation strategies and criteria for each
discipline(e.g.,physical and chemical property data, fate and transport data, occupational exposure and
environmental release data, general population, consamgenvironmental exposure dafB)e

evaluation method uses a structured framework with predefined criteria for each type of
data/information source. The goal of the method used by EPA is to provide transparency, consistency
and as much obgtivity as possible to the evaluation process along with meeting the TSCA science
standards. Data extraction is the systematic review step in which EPA idenidietitative and

qualitative information frontlata source that meet screening criteaad extracthe data/information

using structured forms or templates

As explained above in Secti@1, terminologyupdates were made regarding the description of both

metric and overall data/information source quality determinations from what was originally described in
the 2021 Draft Systematic Review Proto@alS. EPA, 2021 Specifically, metric and overall
data/information source quality determination t
AOverall Quality Determinationo, respectively.
please se&able_ApxC-1.

Although data sourcdbhat meet screening criteria followimgjl -text screening will generally proceed to
data quality evaluation and extraction stepee clarification to the procedures outlined in Section 6 of
the2021 Draft Systematic Review Protot®khat in situations where EPA is unable to extract
data/information from sources that meet screening criterig,formatting prohibits accurate
extraction),suchsourca may not have extracted data to present in the risk evaluation or the respective
supplemental documentSystematiaeview support documents for the supplement contain results from
the data quality evaluation and extraction systematic review steps. Also, the template used to display the
data may be modified from those that were provided ir2@24 Draft Systematic Review Protocol

(U.S. EPA, 2021rbecause the purpose of these supplemental documents is to accommodate the data
needs for eactespectiveaisk evaluationThe following sections provide specific information about the
data quality and extraction process followed to address the exposure pathways in scope for this
supplement and any clarifications or updaggarding thessystematic review ste@s described the

2021 Draft Systematic Review Proto¢ol.S. EPA, 2021g

C.4.1 Environmental Release and Occupational Exposure
As described in the 2021 Draft Systematic Review Protocol, evaluation and extraction followed the
steps outlined in Sections 5, 6, and @2S. EPA, 2021a The data extraction and data quality results
are summarizeoh Table_ApxE-8 for air, Table ApxE-4 for water,Table_ApxE-6 for land, and
Table_ApxF-35for occupational exposur&éhe Data Quality Evaluation and Extraction Information
for Environmental Release and Occupational Exposure feDiggane (1,4D) provides the results
from the data extraction and quality evaluation, including metric rating and the overall quality
determination for each data souteS. EPA, 2024k

C.4.2 General Population, Consumer, and Environmental Exposure
As described in the 2021 Draft Systematic Review Protocol, evaluation and extraction generally
followed the steps outlined in Section 5 an@6S. EPA, 2021a However, a few updates were made to
the data quality evaluation metrics for a few evidence streams since the metrics were published in the
2021 Draft Systematic Review Protocol. Most of the changes were editorial or minor clarifications,
including the sandardization of some metrics that apply to multiple evidence streams, where
appropriate. For example, in the Quality Assurance/Quality Control (QA/QC) metric for evaluating
monitoring and experimental evidence streaims,acronym QA/QC was defined and replaced all
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references to quality assurance and quality control when occurring separately or tagektiee term
QA/QC techniques was changed to QA/QC measures, which already appeared in the metrics

A few metrics applicable to multiple evidence streams were modified slightly to better fit some of the
unique situations that frequently arise for a certain type of evidence seearddqtabases). For

example, some metrics were updated to clarify the intent of the metric and better account for variation in
types of evidence included in one groupiagy(,experiments involving chamber studies vs. product
concentration assessments). The domains did not change; however, see below for the changes and
updates made to the data evaluation metoicghe respective evidence typeg.(monitoring,

experimental studies and databases) as presented in S€&c#dhg C.4.2.3 andC.4.2.4 No changes
were made to the data evaluation metrics for modeling data, as descrimzeirdix N Section N.6.2

in the 2021Draft Systematic Review Protocdlhe Data Quality Evaluation Information for General
Population, Consumer, and Environmental Exposure foiDigkane (1,4D) provides details of the

data quality evaluation results, including metric rating and the overall quality determination for each
data sourcéU.S. EPA, 2024,

Dataextractionis the process in which quantitative and qualitative data/information are identified from
each relevant data/information source and extracted using structured forms or templates. Data extraction
was conducted as described in Section 6 of the 2021 Drsift8gitic Review Protocédr all evidence
streams relevant for this supplemdtdwever, with respect to information stored within databases, EPA
does not conduct a separate data extraction because the data are more accessible and have additional
context n the original database form&toth the date and data present in the database when the database
underwent fulltext screening are available in the HERO database (HERQLO36558210365609
1036566510365667103656961036569810368680104105861050104, and1141433%. If a

reference or data/information soureeq(,a peesreviewed reference) presents data from a database that
did not undergo systematic revieaid.,a foreign database that is not publicly accessible), the data

would be extracteddm the reference or data/information source to the extent possible; this did not
apply to references or sources of data or information that underwent systematic review for this
supplement.

As mentioned above in Secti@4, referencesnay not undergo data extraction, regardless of data
guality rating, if they contain no extractable data poietg.(values are contained in a rdigitizable
figure or are representative of unspecified media or treatment procd¢ssgponstitutes an update to
Section 6 of the 2021 Draft Systematic Review Protfiddb. EPA, 2021} Extraction forms and
templates are tailored to the dataextractionneeds for each risk evaluation.

The types of fields extracted vary by evidence streangandrally followed Section 6.3 of the 2021
Draft Systematic Review Protocwaith regard to the data characteristics captte&. EPA, 2021n
Examples of types of data extracted and the extraction formats for the four evidence ideatfiesl
through systematic review to evaluatevironmental, general population, and consumer exposure data
are listed in the extraction tables provided in@faa Extraction Information for General Population,
Consumer, and Environmental Exposure forDjdxane (1,4D) (U.S. EPA, 2024

C.4.2.1 Data Quality Evaluation Metric Updates
Shown below are the data evaluation metrics for tavégence streampresentingvhich data
evaluationmetrics changed since the publication of the 2D4dft Systematic Review Protoc@).S.
EPA, 2021 For evidence streams not listed below, there were no changes to the data evaluation
metrics since the 2021 Draft Systematic Review Protocol was published.dathejuality criteria for
studies on consumer, general population, and environmental exppg@a in Appendix N of the 2021
Draft Systematic Review Protoc@).S. EPA, 2021a For example, the criteria for modeling studies

Page212of 570


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11779008
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10415760
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10415760
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11779007
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10415760
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10415760
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10415760

appear inTable_Apx N9Data quality criteria for other types of studiesy(,environmentakelease and
occupationakxposureassessmehtare published in other appendices to2021Draft Systematic
Review Protoco(U.S. EPA, 2021a

For the below tables in Sectio@s4.2.2 C.4.2.3andC.4.2.4in order to make it easier for the reader to
see what the changes were to the data evaluation metrics, the following conventiontextigeserted
is underlined, and text deleted is in strikeout.

C.4.2.2 Data Evaluation Criteria for Monitoring Data, as Revised

Table_Apx C-2. Evaluation Criteria for Sources of Monitoring Data

Data Quality

Rating Description

Domain 1 Reliability

Metric 1. Sampling methodology

High Samples were collected accordingptiblicly available SOPs that are scientifically sound
and widely accepted.€.,from a source generally known to use sound methods and/or
approaches) for the chemical and medi a
Field Manual for the Collectionof WatQu al i ty Data, 0 EPA®s
(SESDPROEG303-R5), etc.

OR

The sampling protocol used was not a publicly available SOP from a source gekreratty
to useusingsound methods and/or approaches, but the sampling methodology is clear
appropriatei(e., scientifically sound), and similar to widely accepted protocols for the
chemical and media of interest. All pertinent sampling information is provided in the dg
source or companion source. Examples include:
sampling equipment

sampling procedures/regime

sample storage conditions/duration
performance/calibration of sampler

study site characteristics

matrix characteristics

ogpkhwnE

Medium Sampling methodology is discussed in the data source or companion source and is g€
appropriatei(e., scientifically sound) for the chemical and media of interest; howener,
or more pieces of sampling information is not describ&gmissing information is unlikely
to have a substantial impact on results.
OR

Standards, methods, protocols, or test guidelines may not be widely accepsed, but
successful validation study for the new/unconventional procedure was conducted prio
sampling event and is consistent with sound scientific theory and/or accepted approad
a review of information indicates the methodology is acceptableifacedces in methods
are not expected to lead to lower quality data.

Low Sampling methodology is only briefly discussed; therefm@st sampling information is
missingand likely to have a substantial impact on results.

AND/OR
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Data Quality
Rating

Description

The sampling methodologjoes not represent best sampling methods, protocols, or
guidelinedfor the chemical and media of interestq(.,outdated [but still valid] sampling
equipment or procedures, long storage durations).

AND/OR

There aresome inconsistenciés the reporting of sampling informatioa.§.,differences
between text and tables in data source, differences between standard method and act
procedures reported to have been used, etc.) that led to a low confidence in the samp
methodology used.

Critically
Deficient

The sampling methodology is not discussed in the data source or companion source.
AND/OR

Sampling methodology is not scientifically sound or is not consistent with widely accey
methods/approaches for the chemical and media being anatygethappropriate sampling
equipment, improper storage conditions).

AND/OR

There arenumerous inconsistenciesthe reporting of sampling information, resulting in
high uncertainty in the sampling methods used.

Not rated/not

applicable
Re v i e we| [Document concerns, uncertainties, limitations, and deficiencies and any additional
comments comments that may highlight study strengths or important elements such as relevance

Metric 2. Analyt

ical methodology

High Samples were analyzed according to publicly available analytical methods that are
scientifically sound and widely accepteg ( from a source generallysingknown to use
sound methods and/or approaches) and are appropriate for the chemical and media o
interest. Examples include EPA S846 Methods, NIOSH Manual of Analytical Methods
5th Edition, etc.
OR
The analytical method used was not a publicly available method from a source generg
known to use sound methods and/or approaches, but the methodology is clear and
appropriatei(e., scientifically sound) and similar to widely accepted protocols for the
chemical and media of interest. All pertinent sampling information is provided in the dg
source or companion source. Examples include:
1. extraction method
2. analytical instrumentation (required)
3. instrument calibration
4. limit of quantitation (LOQ), LOD, detection limits, and/or reporting limits
5. recovery samples
6. biomarker used (if applicable)
matrix-adjustment method.¢., creatinine, lipid, moisture)
Medium Analytical methodology is discussed in detail and is clear and approp®atscfentifically

sound) for the chemical and media of interest; howrex,or more pieces of analytical
information is not described he missing information is unlikely to have a substantial
impact on results.
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Data Quality
Rating

Description

AND/OR

The analyticamethod may not be standard/widely accepted, but a method validation st
was conductegrior to sample analysis and is expected to be consistent with sound sci
theory and/or accepted approaches.

AND/OR

Samples were collected at a site and immediately analyzed usingsér orobile
laboratory, rather than shipped to a stationary laboratory.

Low

Analytical methodology is only briefly discussed. Analytical instrumentation is provided
consistent with accepted analytical instrumentation/methods. Howawest analytical
information is missingnd likely to have a substantial impact on results.

AND/OR

Analytical methods not sandard/widely accepted, and method validation is limited or n
available.

AND/OR

Samples were analyzed using field screening techniques.

AND/OR

LOQ, LOD, detection limits, and/or reporting limits not reported.

AND/OR

There aresome inconsistencies or possible eriorthe reporting of analytical information
(e.g.,differences between text and tables in data source, differences between standar
method and actual procedures reported to have been used, etc.) which leads to a low
confidence in the method used.

Critically
Deficient

Analytical methodology is not describedg¢luding analytical instrumentatidne., HPLC,
GO).

AND/OR

Analytical methodology is not scientifically appropriate for the chemical and media bei
analyzed €.g.,method not sensitive enough, not specific to the chemical, out of date).
AND/OR

There are numerous inconsistencies in the reporting of analytical information, resulting
high uncertainty in the analytical methods used.

Not ratedhot

applicable
Re v i e we| [Document concerns, uncertainties, limitations, and deficiencies and any additional
comments comments that may highlight study strengths or important elements such as relevance

Metric 3. Select

ion of biomarker of exposure

High

Biomarker in a specified matrix is known to have an accurate and precise quantitative
relationship with external exposure, internal dose, or target dasepfevious studies (or
the current study) have indicated the biomarker of interest reflects external exposures

AND

Biomarker (parent chemical or metabolite) is derived from exposure to the chemical of
interest.
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Data Quality
Rating

Description

Medium

Biomarker in a specified matrix has accurate and precise quantitative relationship with
external exposure, internal dose, or target dose.

AND

Biomarker is derived from multiple parent chemicals, not only the chemical of intawest,
there is a stated method to apportion the estimate to only the chemical of interest

Low

Biomarker in a specified matrix has accurate and precise quantitative relationship with
external exposure, internal dose, or target dose.

AND

Biomarker is derived from multiple parent chemicals, not only the chemical of intandst,
there is NOT an accurate method to apportion the estimate to only the chemical of intg
OR

Biomarker in a specified matrix is a poor surrogate (low accuracy and precision) for
exposure/dose.

Critically
Deficient

Not applicable. A study will not be deemed critically deficient based on the use of bion
of exposure.

Not ratedhot

Metric is not applicable to the data source.

applicable
Re v i e we| [Document concerns, uncertainties, limitations, and deficiencies and any additional
comments comments that may highlight study strengths or important elements such as relevance

Domain 2 Representative

Metric 4. Geographic area

High Geographic location(s) is reported, discussed, or referenced.

Medium Not applicable. This metric is dichotomou® ( high vs. critically deficient).

Low Not applicable. This metric dichotomousi(e., high vs. critically deficient).

Critically Geographic location is not reported, discussed, or referenced.

Deficient

Not rated/not

applicable

Re v i e we| [Document concerns, uncertainties, limitations, aaficiencies and any additional
comments comments that may highlight study strengths or important elements such as relevance

Metric 5. Temporality

High Timing of sample collection for monitoring data is consisteitih current or recent
exposuregwithin 5 yearsimay be expected.
Medium Timing of sample collection for monitoring dasaless consistentith current or recent

exposure$>5 to 15 yearsinay be expected.
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Rating Description
Low Timing of sample collection for monitoring data is not consistent with when current
exposure$>15 years oldjnay be expected and likely to have a substantial impact on re
Critically Timing of sample collection for monitoring dataristreported, discussed, or referenced.
Deficient

Not rated/not
applicable

Revi ewe
comments

[Document concerns, uncertainties, limitations, and deficiencies and any additional
comments that may highlight study strengths or important elements such as relevance

Metric 6. Spatial and temporal variability

High

Sampling approach accurately captures variability of environmental contamination in
population/scenario/media of interest based on the heterogeneity/homogeneity and
dynamic/static state of the environmental system. For example:

1. Large sample sizg.e.,>10 samples for a single scenario).

2. Use of replicate samples.

3. Use of systematic or continuous monitoring methods.

4. Sampling over a sufficient period of time to characterize trends.

5. For urine, 24hour samples are collected (vs. first morning voids or spot).
For biomonitoring studies, the timing of sample collected is appropriate based on cher
properties €.g.,half-life), the pharmacokinetics of the chemioalg.,rate of uptake and
elimination), and when the exposure event occurred.

Medium

Sampling approach likely captures variability of environmental contamination in

population/scenario/media of interest based on the heterogeneity/homogeneity and
dynamic/static state of the environmental system. Some uncertainty may exist, but it ig
unlikely to have a substantial impact on results. For example:

1. Moderate sample sidee., 5 10 samples for a single scenario), or
2. Use of judgmental (nestatistical) sampling approach, or
3. No replicate samples.

For urine, first morning voids or pooled spot samples.

Low

Sampling approach poorly captures variability of environmental contamination in
population/scenario/media of interest. For example:

1. Small sample sizg.e.,<5 samples), or

2. Use of haphazard sampling approach, or

3. No replicate samples, or

4. Grab or spot samples in single space or time, or

5. Random sampling that does not include all periods of time or locations, or

For urine, urpooled spot samples.

Critically
Deficient

Sample size is not reported.
Single sampleollected per data set.

For biomonitoring studies, the timing of sample collected is not appropriate based on
chemical properties(g.,half-life), the pharmacokinetics of the chemiaoalg,rate of
uptake and elimination), and when the exposure event occurred.
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Rating Description
Not rated/not
applicable
Re v i e we| [Document concerns, uncertainties, limitations, and deficiencies and any additional
comments comments that may highlight study strengths or important elements such as relevance

Metric 7. Expos

ure scenario

High The data closely represent relevant exposure scemnatidhle population/scenario/media o
interest). Examples include:

1. amount and type of chemical/product used

2. source of exposure

3. method of application or bgtander exposure

4. use of exposure controls
microenvironment (location, time, climate)

Medium The data likely represent the relevant exposure scenaigopulation/scenario/media of
interest).One or more key pieces of information may not be descbibéthe deficiencies
are unlikely to have a substantial impact on the characterization of the exposure sceng
AND/OR
If surrogate data, activities seem similar to the activities within scope.

Low The data lack multiple key pieces of information, and the deficienocgekkely to have a
substantial impact on the characterization of the exposure scenario.

AND/OR

There aresome inconsistencies possible errori the reporting of scenario information
(e.g.,differences between text and tables in data source, differences between standar
method and actual procedures reported to have been used, etc.) which leads to a low
confidence in the scenario assessed.

AND/OR

If surrogate data, activities have lesser similarity but are still potentially applicable to th
activities within scope.

Critically If reported, the exposure scenario discussed in the monitored study does not represer

Deficient exposure scenario of interest for the chemical.

Not ratedhot

applicable
Re v i e we| [Document concerns, uncertainties, limitations, and deficiencies and any additional
comments comments that may highlight study strengths or important elements such as relevance

Domain 3 Accessibility/clarity

Metric 8 Reporting of results

High

Supplementary or raw dateg(, individual data points) are reported, allowing summary
statistics to be calculated or reproduced.

AND
Summary statistics are detailed and complete. Example parameters include:
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Rating Description
1. Description of data set summarizée (location, population, dates, etc.)
2. Range of concentrations or percentiles
3. Number of samples in data set
4. Frequency of detection
5. Measure of variation (coefficient of variation [CV], standard deviation)
6. Measure of central tendency (mean, geometric mean, median)
7. Test for outliers (if applicable)
AND
Both adjusted and unadjusted results are provideddorrection for void completeness in
urine biomonitoring, whole&olume or lipid adjusted for blood biomonitoring, wet or dry
weight for environmental tissue samples or soil samples) [only if applicable].
Medium Supplementary or raw datieg(, individual data points) are not reported, and therefore
summary statistics cannot be reproduced.
AND/OR
Summary statistics are reported but are missing one or more parameters (see descrip
high).
AND/OR
Only adjusted or unadjusted results are provided, but not both [only if applicable].
Low Supplementary data are not provided, and summary statistics are missing most paran
(see description for high).
AND/OR
There are some inconsistencies or errors in the results reported, resulting in low confi
in the results reporte@ (.,differences between text and tables in data source, less
appropriate statistical methods).
Critically There are numerous inconsistencies or errors in the calculation and/or reporting of reg
Deficient resulting in highly uncertain reported results.

Not Rated/not

Applicable
Re v i e we| [Document concerns, uncertainties, limitations, and deficiencies and any additional
comments comments that may highlight study strengths or important elements such as relevance

Metric 9. Quality assurance

High

The study QA/QC measures and all pertinent quality assurance QA/QC information is
provided in the data source or companion source. Examples include:

Field, laboratory, and/or storage recoveries

Field and laboratory control samples

Baseline (preexposure) samples

Biomarker stability

Completeness of samplieg(, creatinine, specific gravity, osmolality for urine
samples)

AND

No QA/QC issues were identified, or any identified issues were minor and adequately
addressed.g., correction for low recoveries, correction for completeness).

agbrnNE
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Rating Description

Medium The study applied and documented QA/QC measures; hoveeseor more pieces of
QA/QC information is not describeMlissing information is unlikely to have a substantial
impact on results.
AND
No QA/QC issues were identified, or any identified issues were minor and addiessed
correction for low recoveries, correction for completeness).

Low QA/QC measuresind results were not directly discusseddrei mp |l i ed t hr o
use of standard field and laboratory protocols.
AND/OR
Deficiencies were noted in QA/QC control measures that are likely to have a substant
impact on results.
AND/OR
There are some inconsistencies in the QA/QC measures reported, resulting in low cor
in the QA/QC measures taken and resutg.(differences between text and tables in datz
source).

Critically QAJ/QC issues have been identified which significantly interfere with the overall reliabil

Deficient of the study.

Not Rated/not

Applicable
Re v i e we| [Document concerns, uncertainties, limitations, and deficiencies and any additional
comments comments that may highlight study strengths or important elements such as relevance

Domain 4 Variability and uncertainty

Metric 10 Variability and uncertainty

High The study characterizes variability in the population/media studied.
AND
Key uncertainties, limitations, and data gaps have been identified.
AND
The uncertainties are minimal and have been characterized.

Medium The study has limited characterization of variability in the population/media studied.
AND/OR
The study has limited discussion of key uncertainties, limitations, and data gaps.
AND/OR
Multiple uncertainties have been identified but are unlikely to have a substantial impag
results.

Low The characterization of variability is absent.

AND/OR

Key uncertainties, limitations, and data gaps are not discussed.

AND/OR

Uncertainties identified may have a substantial impact on the exposure the exposure
assessment
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Rating Description
Critically Estimates are highly uncertain based on characterization of variability and uncertainty
Deficient

Not Rated/not
Applicable

C.4.2.3 Data Evaluation Criteria for Experimental Data, as Revised

Table Apx C-3. Evaluation Criteria for Sources of Experimental Data

Data Quality
Rating

Description

Domain 1 Reliability

Metric 1. SamplingMethodology and Conditions

High

Samples were collected according to publicly available SOPs, methods, protocols, or te
guidelines that are scientifically sound and widely accepted from a source generally kn
use sound methods and/or approaches such as EPA, NIST, American Sodiestihg and
Materials, ISO, and ACGIH.
OR
The sampling protocol used was not a publicly available SOP from a source generally }
to use sound methods and/or approaches, but the sampling methodology &pplegrjate
(i.e, scientifically sound), and similar to widely accepted protocols for the chemical and
media of interest. All pertinent sampling information is provided in the data source or
companion source. Examples include:

1. sampling conditionsg(g, temperature, humidity)

2. sampling equipment and procedures

3. sample storage conditions/duration

4. performance/calibration of sampler

Medium

Sampling methodology is discussed in the data source or companion source and is get
appropriatei(e., scientifically sound) for the chemical and media of interest, however, or|
more pieces of sampling information is not described. The missing information is unlike
have a substantial impact on results.

OR

Standards, methods, protocols, or test guidelines may not be widely accepted, but a sy
validation study for the new/unconventional procedure was conducted prior to the samy
event and is consistent with sound scientific theory and/or accepisabapes.

Low

Sampling methodology is only briefly discussed. Therefore, most sampling information
missingand likely to have a substantial impact on results.

AND/OR

The sampling methodology does not represent best sampling methods, protocols, or
guidelines for the chemical and medidragrest €.g, outdated (but still valid) sampling
equipment or procedures, long storage durations).

AND/OR
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Description

There are some inconsistencies in the reporting of sampling informatgrdifferences
between text and tables in data source, differences between standard method and acty
procedures reported to have been used, etc.) which lead to a low confidence in the san
methodology used.

Critically
Deficient

The sampling methodology is not discussed in the data source or companion source.
AND/OR

Sampling methodology is not scientifically sound or is not consistent with widely accept
methods/approaches for the chemical and media being anagygeth@ppropriate sampling
equipment, improper storage conditions).

AND/OR

There are numerous inconsistencies in the reporting of sampling information, resulting
uncertainty in the sampling methods used.

Not rated/not
applicable

Revi ewe
comments

[Document concerns, uncertainties, limitations, and deficiencies and any additional
comments that may highlight study strengths or important elements such as relevance]

Metric 2. Analytical methodology

High

Samples were analyzed according to publicly available analytical methods that are
scientifically sound and widely accepteg ( from a source generally using sound method
and/or approachgsnd are appropriate for the chemical and media of interest. Exampleg
include EPA SW846 Methods, NIOSH Manual of Analytical Methodf Edition, etc.

OR

The analytical method used was ngiudblicly available method from a source generally
known to use sound methods and/or approaches, but the methodology is clear and apy
(i.e, scientifically sound) and similar to widely accepted protocols for the chemical and
of interest. All pertinent sampling information is provided in the data source or compani
source. Examples include:

extraction method

analytical instrumentation (required)

instrument calibration

LOQ, LOD, detection limits, and/or reporting limits

recovery samples

biomarker used (if applicable)

7. matrix-adjustment method.¢., creatinine, lipid, moisture)

ouhrwNE

Medium

Analytical methodology is discussed in detail and is clear and appropegtsecfentifically
sound) for the chemical and media of interest; however, one or more pieces of analytic
information is not described. The missing information is unlikely to have a substantial ir]
on results.

AND/OR

The analytical method may not be standard/widely accepted, but a method validation s
was conducted prior to sample analysis and is expected to be consistent with sound sc
theory and/or accepted approaches.

AND/OR
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Rating Description
Samples were collected at a site and immediately analyzed usingsée orobile laboratory,
rather than shipped to a stationary laboratory.

Low Analytical methodology is only briefly discussed. Analytical instrumentation is provided
consistent with accepted analytical instrumentation/methods. However, most analytical
information is missing and likely to have a substantial impact on results.

AND/OR

Analytical method is not standard/widely accepted, and method validation is limited or r
available.

AND/OR

Samples were analyzed using field screening techniques.

AND/OR

LOQ, LOD, detection limits, and/or reporting limits not reported.

AND/OR

There are some inconsistencies or possible errors in the reporting of analytical informal
(e.qg, differences between text and tables in data source, differences between standard
and actual procedures reported to have been used, etc.) which leads to a lower confidg
the method used.

Critically Analytical methodology is not described, including analytical instrumentatenHPLC,

Deficient GC).

AND/OR

Analytical methodology is not scientifically appropriate for the chemical and media bein
analyzed €.g, method not sensitive enough, not specific to the chemical, out of date).
AND/OR

There are numerous inconsistencies in the reporting of analytical information, resulting
high uncertainty in the analytical methods used.

Not rated/not

applicable
Re v i e we¢ [Document concerns, uncertainties, limitations, and deficiencies and any additional
comments comments that may highlight study strengths or important elements such as relevance]

Metric 3. Selection of biomarker of exposure

High

Biomarker in a specified matrix is known to have an accurate and precise quantitative
relationship with external exposure, internal dose, or target daggpfevious studies (or the
current study) have indicated the biomarker of interest reflects external exposures).
AND

Biomarker (parent chemical or metabolite) is derived from exposure to the chemical of
interest.

Medium

Biomarker in a specified matrix has accurate and precise quantitative relationship with
external exposure, internal dose, or target dose.

AND

Biomarker is derived from multiple parent chemicals, not only the chemical of intawest,
there is a stated method to apportion the estimate to only the chemical of interest

Page2230f 570



Data Quality

Rating Description

Low Biomarker in a specified matrix has accurate and precise quantitative relationship with
external exposure, internal dose, or target dose.
AND
Biomarker is derived from multiple parent chemicals, not only the chemical of intendst,
there is NOT a stated method to apportion the estimate to only the chemical of interest

Critically Biomarker in a specified matrix is a poor surrogate (low accuracprauision) for

Deficient exposure/dose.

Not rated/not | Metric is not applicable to the data source.

applicable

Re v i e weg [Document concerns, uncertainties, limitations, and deficiencies and any additional

comments comments that may highlight study strengths or important elements such as relevance]

Domain 2 Representative

Metric 4. Testing scenario

High

Testing conditions closely represent relevant exposure sceriaips (
population/scenario/media of interest). Examples include:

amount and type of chemical/product used

source of exposure/test substance

method of application or bgtander exposure

use of exposure controls

microenvironment (location, timelimate, temperature, humidity, pressure, airflow)

agrwdE

AND

Testing conducted under a broad range of conditions for factors such as temperature,
humidity, pressure, airflow, and chemical mass/weight fraction (if appropriate).

Medium

The data likely represent the relevant exposure scenaigopulation/scenario/media of
interest). Me or more key pieces of information may not be described but the deficienci
unlikely to have a substantial impact on the characterization of the exposure scenario.
AND/OR

If surrogate data, activities seem similar to the activities within scope.

Low

The data lack multiple key pieces of information and the deficieacgbkely to have a
substantial impact on the characterization of the exposure scenario.

AND/OR

There are some inconsistencies or possible errors in the reporting of scenario informati
(e.g.,differences between text and tables in data source, differences between standard
and actual procedures reported to have been used, etc.) which leads to a lower confidg
the scenario assessed.

AND/OR

If surrogate data, activities have lesser similarity but are still potentially applicable to th¢
activities within scope.

AND/OR

Testing conducted under a single set of conditiersept for experiments to determine a
weight fraction or concentration in a product.
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Rating Description
Critically Testing conditions are not relevant to the exposure scenario of interest for the chemica
Deficient
Not rated/not
applicable
Re v i e w¢ [Document concerns, uncertainties, limitations, and deficiencies and any additional
comments comments that may highlight study strengths or important elements such as relevance]

Metric 5. Sample size and variability

High Sample size is reported and large enoigh © 10 sampl es) to be
samples represent the scenario of interest.
AND
Replicate tests performed and variability across tests is characterized (if appropriate).
Medium Sample size is moderatiee(, 5 to <10samples), thus the data are likely to represent the
scenario of interest.
AND
Replicate tests performed and variability across tests is characterized (if appropriate).
Low Sample size is smali.¢.,<5 samples for most types of experiments or 1 per product for
experiments to determine a weight fraction or concentration in a product), thus the datg
likely to poorly represent the scenario of interest.
AND/OR
Replicate tests were not performed.
Critically Sample size is not reported.
Deficient AND/OR
Singlesample collected per data sexcept for experiments to determine a weight fraction
concentration in a product.
AND/OR
For biomonitoring studies, the timing of sample collected is not appropriate based on
chemical properties(g.,half-life), the pharmacokinetics of the chemiaalg,rate of uptake
and elimination), and when the exposure event occurred.
Not rated/not
applicable
Re v i e we¢ [Document concerns, uncertainties, limitations, and deficiencies and any additional
comments comments that may highlight study strengths or important elements such as relevance]

Metric 6. Temporality

High

Source(s) of tested items appears to be current (within 5 years).

Medium

Source(s) of tested items is less consistent with when current or recent exposures (>5
years) are expected.

Page2250f 570



Data Quality

Rating Description
Low Source(s) of tested items is not consistent with when current or recent exposures (>15
are expected or is not identified.
Critically Temporality of tested items is not reportdiscussed, or referenced.
Deficient
Not rated/not
applicable

Revi ewe
comments

[Document concerns, uncertainties, limitations, and deficiencies and any additional
comments that may highlight study strengths or important elements such as relevance]

Domain 3 Accessibility/clarity

Metric 7. Reporting of results

High Supplementary or raw datieg(, individual data points) are reported, allowing summary
statistics to be calculated or reproduced.
AND
Summary statistics are detailed and complete. Example parameters include:
1. Description of data set summarizé@ ( location, population, dates, etc.)
2. Range of concentrations or percentiles
3. Number of samples in data set
4. Frequency of detection
5. Measure of variation (CV, standard deviation)
6. Measure of central tendency (mean, geometric mean, median)
7. Test for outliers (if applicable)
AND
Both adjusted and unadjusted results are provideddorrection for void completeness in
urine biomonitoring, whole&olume or lipid adjusted for blood biomonitoring) [only if
applicable].
Medium Supplementary or raw datig(, individual data points) are not reported, and therefore
summary statistics cannot be reproduced.
AND/OR
Summary statistics are reported but are missing one or more parameters (see descript
high).
AND/OR
Only adjusted or unadjusted results are provided, but not both [only if applicable].
Low Supplementary data are not provided, and summary statistics are missing most param
(see description for high).
AND/OR
There are some inconsistencies or errors in the results reported, resultingamfml@nce in
the results reportee (g, differences between text and tables in data source, less approp
statistical methods).
Critically There are numerous inconsistencies or errors in the calculation and/or reporting of rest
Deficient resulting in highly uncertain reported results.
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Rating Description
Not rated/not
applicable
Re v i e weg [Document concerns, uncertainties, limitations, and deficiencies and any additional
comments comments that may highlight study strengths or important elements such as relevance]

Metric 8. Quality assurance

High Thestudy applied quality assurance/quatipntrol (QA/QC) measures and all pertinent
QA/QC information is provided in the data source or companion source. Examples incl
1. Laboratory, and/or storagecoveries.
2. Laboratory control samples.
3. Baseline (preexposure) samples.
4. Biomarker stability
5. Completeness of samplie(, creatinine, specific gravity, osmolality for urine
samples)
AND
No QA/QC issues were identified, or any identified issues were mincadeglately
addressed.g., correction for low recoveriegorrection for completeness).

Medium The study applied andbcumented QA/QC measures; however, one or more pieces of
QA/QC information is not described. Missing information is unlikely to have a substanti
impact on results.

AND
No QA/QC issues were identified, any identified issues were minor and addressed (
correction for low recoveries, correction for completeness).

Low QA/ QC measures and results were not dif
use of standard field and laboratory protocols.

AND/OR

Deficiencies were noted in QA/QC measures that are likely to have a substantial impag
results.

AND/OR

There are some inconsistencies in the QA/QC measures reported, resulting in low conf
in the QA/QC measures taken and resutg.(differences between text and tables in data
source).

Critically QAJ/QC issues have been identified which significantly interfere with the ovelialbility of

Deficient the study.

Not rated/not

applicable

Re v i e w¢ [Document concerns, uncertainties, limitations, and deficiencies and any additional

comments comments that may highlight study strengths or important elements such as relevance]

Domain 4 Variability and uncertainty

Metric 9. Variability and uncertainty
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Rating Description
High The study characterizes variability in the population/media studied.
AND
Key uncertainties, limitations, and data gaps have been identified.
AND
The uncertainties are minimal and have been characterized.
Medium The study has limited characterization of variability in the population/media studied.
AND/OR
The study has limited discussion of key uncertainties, limitations, and data gaps.
AND/OR
Multiple uncertainties have been identified but anékely to have a substantial impact on
results.
Low The characterization of variability is absent.
AND/OR
Key uncertainties, limitations, and data gaps are not discussed.
AND/OR
Uncertainties identified may have a substantial impact on the exposure the exposure
assessment
Critically Estimates are highly uncertain based on characterization of variability and uncertainty.
Deficient
Not rated/not
applicable
Re v i e we¢ [Document concerns, uncertainties, limitations, and deficiencies and any additional
comments comments that may highlight study strengths or important elements such as relevance]

C.4.2.4 Data Evaluation Criteria for Databases, as Revised

Table Apx C-4. Evaluation Criteria for Sources of Database Data

Data Quality
Rating

Description

Domain 1 Reliability

Metric 1 Samplingmethodology

High

Widely accepted sampling methodologies.(from a source generallknown to useising
sound methods and/or approaches) were used to generate the data presented in the
Exampl e SOPs include USGSG6s fiNat i o-Qualty

~

Data, 0 EPAG6s AAmbient -3®3IRS),edcampl i ngo ( S

Medium

One or more pieces of sampling methodology information is not described, but missir
information is unlikely to have a substantial impact on results.

OR

The sampling methodologies were consistent with sound scientific theory and/or acce
approaches based on the reported sampling information but may not have followed
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Rating Description

published procedures from a source generally known to use sound methods and/or
approaches.

Low The sampling methodology was not reported in data soureadily available companion
data source.

Critically The sampling methodologies used were not appropriate for the chemical/media of int

Deficient in the databasex(g.,inappropriate sampling equipment, improper storage conditions).

Not rated/not

applicable

Re v i e we I [Document concerns, uncertainties, limitations, and deficiencies and any additional

comments comments that may highlight study strengthsrgrortant elements such as relevance]

Metric 2. Analytical methodology

High Widely accepted analytical methodologies.(from a source generally using sound
methods and/or approaches) were used to generate the data presented in the databg
Example SOPs include EPA S846 Methods, NIOSH Manual of Analytical Methods 5t
Edition, etc.

Medium The analytical methodologies were consistent with sound scientific theory and/or acc
approaches based on the reported analytical information but may not have followed
published procedures from a source generally known to use sound methods and/or
appraches.

Low The analytical methodology was not reported in data source or companion data sourg

Critically The analytical methodologies used were not appropriate for the chemical/media of in

Deficient in the databases(g.,method not sensitive enough, not specific to the chemical, out of ¢

Not rated/not

applicable

Re v i e we I [Document concerns, uncertainties, limitations, and deficiencies and any additional

comments comments that may highlight study strengths or important elements such as relevanc

Domain 2 Representative

Metric 3. Geographic area

High Geographic location(s) is reported, discussed, or referenced.

Medium Not applicable. This metric is dichotomoue (, high vs. critically deficient).

Low Not applicable. Thisnetric is dichotomous.g., high vs. critically deficient).

Critically Geographic location is no¢ported, discussed, or referenced.

Deficient

Not rated/not

applicable

Re v i e we | [Document concerns, uncertaintiésnitations, and deficiencies and any additional
comments comments that may highlight study strengths or important elements such as relevanc

Metric 4. Temporal

High

The data reflect current conditions (within 5 years)
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Rating Description
AND/OR
Database contains robust historical data for spatial and temporal analyses (if applica
Medium The data are less consistent with current or recent exposures (>5 to 15 years)
AND/OR
Database contains sufficient historical data for spatial and temporal analyses (if appli
Low Data are not consistent with when current exposures (>15 years old) may be expecte
AND/OR
Database does not contain enough historical data for spatial and temporal analyses
applicable).
Critically Timing of sample date notreported, discussed, or referenced.
Deficient
Not rated/not
applicable
Re v i e we | [Document concerns, uncertainties, limitations, and deficiencies and any additional
comments comments that may highlight study strengths or important elements such as relevanc

Metric 5. Exposure scenario

High The data closely represent relevant exposure scenariohle population/scenario/media
interest). Examples include:

1. Amount and type of chemical/product used

2. Source of exposure

3. Method of application or bgtander exposure

4. Use of exposure controls
Microenvironment (location, time, climate)

Medium The data likely represent the relevant exposure scenaigoOpulation/scenario/media of
interest).One or more key pieces of information may not be deschibethe deficiencies
are unlikely to have a substantial impact on the characterization of the exposure scer
AND/OR
If surrogate data, activities seem similar to the activities within scope.

Low The data lack multiple key pieces of information and the deficieacgekkely to have a
substantial impact on the characterization of the exposure scenario.

AND/OR

There aresome inconsistencies or possible ernorghe reporting of scenario information

(e.g.,differences between text and tables in data source, differences between standa
method and actual procedures reported to have been used, etc.) which leads to a low
confidence in the scenario assessed.

AND/OR

If surrogate data, activities have lesser similarity but are still potentially applicable to {
activities within scope.

Critically If reported, the exposure scenario discussed in the monitored study does not represe

Deficient exposure scenario of interest for the chemical.

Not rated/not

applicable

Re v i e we | [Documentconcerns, uncertainties, limitations, and deficiencies and any additional

comments comments that may highlight study strengths or important elements such as relevanc
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Rating

Description

Domain 3 Accessibility/clarity

Metric 6. Availability of database and supporting documents

High Database is widely accepted and/or from a source generally known to use sound mel
and/or approacheg.g.,raw data from NHANES, STORET).
Medium The database may not be widely known or accemgted,$tatemaintained databases), but
the database is adequately documented with most or all of the following information:
1. Within the database, metadata is present (sample identifiers, annotations, flag
units, matrix descriptions, etc.) addta fields are generally clear and defined.
2. A user manual and other supporting documentation is available, or there is
sufficient documentation in the data source or companion source.
Database quality assurance and data quality control measures are defined and/or a (
protocol was followed.
Low The database may not be widely known or accepted, and only limited database
documentation is available (see the medium rating).
Critically No information is provided on the database source or availability to the public.
Deficient
Not rated/not
applicable
Re v i e we | [Document concerns, uncertainties, limitations, and deficiencies and any additional
comments comments that may highlight study strengths or important elements such as relevanc

Metric 7. Reporti

ng of results

High

Thedatabase or informatiagource reporting the analysis of the database data is well
organized and understandable by the target audience.

AND

Summary statistics in the data source are detailed and complete. Example paramete
include:

Description of data set summarizée ( location, population, dates, etc.)
Range of concentrations or percentiles

Number of samples in data set

Frequency of detection

Measure of variation (CV, standard deviation)

. Measure of central tendency (mean, geometric mean, median)

Test for outliers (if applicable)

ogrwNE

Medium The database or information source reporting the analysis of the database data is we
organized and understandable by the target audience.
AND/OR
Summary statistics are missing one or more parameters (see description for high).
Low The database or information source reporting the analysis of the database data is un

not well organized.

AND/OR

Summary statistics are missing most parameters (see description for high)

AND/OR

There are some inconsistencies or errors in the results reported, resulting in low conf
in the results reporte@ (@.,differences between text and tables in data source, less
appropriate statistical methods).
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Data Quality _
Rating Description
Critically There are numerous inconsistencies or errors in the calculation and/or reporting of re
Deficient resulting in highly uncertain reported results.
AND/OR
The information source reporting the analysis of the database data is missing key se(
lacks enough organization and clarity to locate and extract necessary information.
Not rated/not
applicable
Re v i e we | [Document concerns, uncertainties, limitations, and deficiencies and any additional
comments comments that may highlight study strengths or important elements such as relevanc

Domain 4 Variability and uncertainty

Metric 8. Variability and uncertainty

High Variability, key uncertainties, limitations, and/or data gaps have been identified.
AND/OR
The uncertainties are minimal and have been characterized.
Medium The study has limited discussion of variability, key uncertainties, limitations, and/or d¢
gaps.
AND/OR
Multiple uncertainties have been identified but are unlikely to have a substantial impa
results.
Low Variability, key uncertainties, limitations, and data gaps are not discussed.
AND/OR
Uncertainties identified may have a substantial impact on the exposure the exposure
assessment
Critically Estimates are highly uncertain based on characterization of variability and uncertainty
Deficient
Not rated/not
applicable
Re v i e we I [Document concerns, uncertainties, limitations, and deficiencies and any additional
comments comments that may highlight study strengths or important elements such as relevanc

C.5 Evidence Integration

As described in Section 7 of the 20Rfaft Systematic Review Protoc@).S. EPA, 2021x evidence

integration refers to the consideration of evidence obtained from systematic review and scientific
information obtained from sources that did not undergo systematic review to implewsighaof
scientificevidence approacfiheweight ofscientifice vi dence i s defined as fa
method, applied in a manner suited to the nature of the evidence or decision, that usssadlsked

protocol to comprehensively, objectively, transparently, and consistently identify and evaluate each
stream of evidence, including strengths, limitations, and relevance of each study and to integrate
evidence as necessary and appropriat@@CbBrased upo
702.33.The consideration of the quality and relevaatthe data, while taking into account the

strengths and limitations of the data, to appropriately evaluate the evidetitis supplement, is

describedn Section 7 of the 2021 Draft Systematic Review Protfddb. EPA, 2021r
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Table_ApxC-5 andTable_ApxC-6, originally from Section 7.3 of the 2021 Draft Systematic Review
Protocol, provide general considerations and examples of factors that contribute to the strength of
evidence for each evidence stream axampleweight of scientific evidencgidgments based on the
general considerationgespectively, when evaluatipgtentially relevant exposure dafar this
supplemen{U.S. EPA, 2021n

Table Apx C-5. Considerations that Inform Evaluations of the Strength of the Evidence

Factors that Factors that
IncreaseStrength DecreaseStrength

Considerations

Theoverallweight of scientificevidence judgmertdonsiders the general considerations below as well as
chemicalspecific considerations to designate each exposure scenario as robust, moderate, slight, or
indeterminate. The designation is a measure of the weighé @vidence supporting the representativenes
the exposure estimates toward the true distribution of exposure (and releases) for the scenario.

Relevance to 9 Directly relevant to evaluated 9 Data used is for an alternative or surrogate
exposurescenario exposure scenario scenario
Formodeled 1 Model used has been peer 1 Evidence demonstrating implausibility
estimates reviewed and is being applied in| § Model has not been peesviewed and no
manner appropriate to its design  groundtruthing has been performed
and objective 9 Parameterization is not well described,

documented or is not appropriate to the
evaluated scenario

Dataquality 1 Medium or high data quality 1 Low data quality rang (via Data Evaluation)
rating (via Data Evaluation) 1 Imprecision or inaccuracy
Datapoints 9 High number of data points 9 Low number of data points
1 High proportion of data sampled prior to

changes in industry or other relevant
conditions €.g9.,O0SHA PEL)

Representative of | 1 Largeproportion of sites included  Evidence may not be sufficiently
the whole industry within the exposure scenario we|  representative of all of the sites for the

(for occupational measured exposure scenario

scenarios)

Representative of | § Applicable to most or all of the | § Information was not available to sufficiently

the subpopulation different population groups cover most or all of population groups
included within the exposure included within the exposure scenarios
scenario

Consistency 1 Consistency and replication 1 Inexplicable contradictory findings across
within a study and across studie{  studies

Variability 9 Variability is accounted in 9 Variability unaccounted in estimates
estimates

1 Full distributions of input

parameters

Uncertainties 9 Uncertainties are low and the 1 Uncertainties that are likely to over under
uncertainties are unlikely to estimate exposure from the actual exposur
significantly impact exposure for the exposure scenario
estimates
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Table Apx C-6. Evaluation of the Weight of Scientific Evidence for Exposure Assessmesit

Category

Robust

Moderate

Slight

Indeterminate

Overall Weight of
Scientific Evidence

Exposure Scenario
Factors
(e.g.,habits, worker
activities, exposure
factors)

9 Directly relevant to
evaluated exposure scenal

1 Applicable to most or all of
the different population
groups included within the
exposure scenario

1 Full distributions of input
parameters

1 High or medium quality
data réings

1 The habits, worker
activities, and/or use
patterns are accounted for,
are current

1 Uncertainties are low and
the uncertainties are
unlikely to significantly
impact exposure estimates

1 Surrogatescenarios from
similar chemicals are use
to infer similar exposures
or emissions.

1 Some distribution of inpuf
parameters

1 High or medium quality
data raéings

1 There is some, but not
complete, documentation
or description of
assumptions, limitations
and uncertainties

9 Surrogate scenarios from
similar uses are used to
infer similar use patterns
or habits and practices

1 Medium or low
quality dataratings

1 Partially supported by
assumptions

1 Uncertainties are not
fully known or
documented

1 Habits and practices
are not fully known
and there is a high
degree of uncertainty
in defining use
patterns

1 Qualitative

descriptions of
exposure without
additional
context.

1 No supporting

data on habits an
practices are
available

Measured/
Monitored Data

There is measured informatiof

and the temporal and spatial

aspect of the measurements ¢

well described, relevant and

reflect current conditions

1 Medium or high data

quality rating (via Data

Evaluation)

High number of data pointg

Multiple studies or a large

number of data points

which indicate similar

findings

1 Large proportion of sites
included within the
exposure scenario were
measured

1 Consistency and replicatior
within a study and across

=a =

studies

There is measured

information which does not

reflect current environmental

conditions or does not

correspond to current

activities but provides

evidence of exposure

9 Limited number of studies
or limited number of data
points which indicate
similar findings

9 Information was not
available to sufficiently
cover most or all of
population groups include
within the exposure
scenarios

9 There is some, but not
complete, documentation
or description of

There is limited measured

information and

information and does not

reflect exposure

conditions and does not

correspond to known

activities

9 Information was not
available to sufficiently
cover most or all of
population groups
included within the
exposure scenarios

9 Assumptions and
uncertainties are not
known or documented

No measured or
monitored data are
available

The consideration
factors and the
categories to the left
resultin an overall
weight of scientific
evidencgudgment
as one of the
following:

9 Robust

9 Moderate

1 Slight

9 Indeterminate
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Category

Robust

Moderate

Slight

Indeterminate

Overall Weight of
Scientific Evidence

Uncertainties are low and
the uncertainties are
unlikely to significantly
impact exposure estimates
Sensitivity of the exposure
estimates has been
described and quantified
incorporating assumptions,
limitations, and
uncertainties

assumptions, limitations
and uncertainties

Estimation
Methodology/Data

The methodology for
deriving the estimate is we
described and the
underlying computational
and/or scientific basis is
robust, has aampirical
basis or well documented
mathematical basis and
considers chemical
specificity €.g, physical
and chemical propertiesd
fate)

Applicable to most or all of
the different population
groups included within the
exposure scenario
(representative)
Sensitivity of the exposure
estimates has been
described and quantified
incorporating assumptions,
limitations, and
uncertainties

The methodology for
deriving the estimate is
well described and the
underlying computational
and/or scientific basis is
robust, however there is
uncertainty in the
parameterization or
applicability

There is some, but not
complete, documentation
or description of
assumptions, limitations
and uncertainties.

1 Modeling approach
used to estimate
exposures is not roote
in scientific rigor or
does not
mathematically
represent the exposurg
scenario;
parameterization is no
complete or does not
utilize the best
available science.

1 Assumptions and
uncertainties are not
known or documented

1 Modeling
approach is not
available for the
scenario or lack
of information on
parameters
prohibits use of
available models.

Comparison of
Estimated and
Measured
Exposures(if both
estimated and

There are comparable
estimates using alternate
approaches

There is concordance
between measured and/or
reported and modeled

Modeled estimates and
measured exposure
values are comparable,
however differences in
methodology, collection,
or context make it

9 There is a lack of
correspondence
between measured
exposures and modele
exposure estimates
even when uncertainty

9 Category does
not have
indeterminate
criterion.

The consideration
factors and the
categories to the left
resultin an overall
weight of scientific
evidencgudgment
as one of the
following:

1 Robust

1 Moderate

1 Slight

1 Indeterminate
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Category

Robust

Moderate

Slight

Indeterminate

Overall Weight of
Scientific Evidence

measured estimates
are usegl

estimates/predictions for th
same exposure scenario
Sensitivity of the exposure
estimates has been
described and quantified
incorporating assumptions,
limitations, and
uncertainties

difficult to arrive at full
concordance

There is some, butnot | |
complete, documentatior]
or description of
assumptions, limitations
and uncertainties

and variability are
accounted for.
Assumptions and
uncertainties are not
known or documented
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C.5.1 Environmental Release and Occupational Exposure
EPA evaluated environmental relesbased on reported release data, modeling approaches, and
industry sector information from standard engineering sources such asndBRMR As described in
Appendix E,EPA estimated COpecific releases where supporting data existed and documented
uncertainties where an absence of such data required a broader application of release estimates.

EPA evaluated occupational exposirased on monitoring data, modeling approaches, and worker
activity information from standard engineering sources and systematic review as described in Appendix
F. EPA used COlgpecific assessment approaches where supporting data existed and documented
uncertainties where supporting datareonly applicablefor broader assessment approaches.

Through public comment and peer review, EPA identified additional sources of information that were
also incorporated into the assessm8pecifically, public commenters shared data on occupational
exposure monitoring, product concentration, process descriptions, and environmental releases.

C.5.2 General Population
General population exposures were evaluated for each exposure pathway based on environmental
release data identified as described above in SeCtibd, environmental monitoring data identified
through available databases or as described in SéC#bB and any other relevant information
identified through systematic review. As described in Section 1, all physical and chemical and fate
properties evaluated in the 2020 RE were used to evaluateshepe exposure pathways of the
supplement.

C.5.2.1 General Population: Surface Water
To evaluate the surface water pathway, EPA relied on modeled surface water concentrations based on
environmental release data reported to TRI and DMsp€ndixE.3.1) and releases modeled for other
release types, includiigTD and hydraulic fracturingXppendixE.3.2.

EPA identified ambient surface water monitoring data through the WQP, drinking water monitoring
from PWSs through the UCMR3 database and three spaigfic databases (Sectiar8.1.]). EPA used
available surface water monitoring data to confirm the accuracy of model predictions in location
specific casestudies (Appendixs.2.3.3. In addition, available drinking water monitoring data ($be

Data Quality Evaluation Information for General Population, Consumer, and Environmental Exposure
for 1,4Dioxane (1,4D)) were used to provide context and a point of reference for modeled drinking
water concentrations and risk estimates (Se&iar2.1.9 (U.S. EPA, 2024y,

C.5.2.2 General Population: Groundwater
To evaluate the land pathway (groundwater) releases, EPA relied on environmental release data reported
to TRI (Sectior.2.1.1and AppendixE.4.1) and releases modeled for hydraulic fracturing operations
(AppendixE.4.2.

EPA identified groundwater monitoring data for-tlidxane through the WQP as presented in Section
2.3.2.1and described in Appendtt. 1. Furthermore, EPA contextualized potential groundwater
concentrations identified in the literature through systematic reviewl (se®ata Quality Evaluation
Information for General Population, Consumer, and Environmental Exposure f@idxéne (1,4D))
using search terms identified in Append (U.S. EPA, 2024)
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C.5.2.3 General Population Exposure: Ambient Air
EPA did not identify quantitative outdoor air monitoring data fordipkane through systematic
review. To evaluate the air pathway, EPA relied on modeled air concentrations based on industrial
releases reported to TRI (Sect@3.3.2.2and AppendixE.5.]), releases modeled for laundry facilities
(Section2.3.3.2.4and AppendixE.12), and releases modeled for hydraulic fracturing operations
(Section2.3.3.2.4and AppendiE.13.
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Appendix D COU-OES MAPPING AND CROSSWALK

This appendix contains additional information abibetrelationshipbetween th&€€OUs and OESs
determinedor 1,4-dioxane

Condition of Use (COU)TSCAsection3 ( 4) defines COUs as Athe <circ
Administrator, under which a chemical substance is intended, known, or reasonably foreseen to be
manufactured, processed, distributed i n opedinmer c
EPAG6s risk evaluations are typically tabul ated
summaries of life cycle stages, categories, and subcategories of use. Therefore, a COU is composed of a
combination of life cycle stage, category, aubcategory. COU development may include Chemical

Data Reporting (CDR) information, market profile information, and literature sources. Early in the risk
evaluation process, EPA maps each COU to an occupational exposure scenario for the environmental
release and occupational exposure assessment.

Occupational Exposure Scenario (OES}his term is intended to describe the grouping or segmenting

of COUs for assessment of releases and exposures. For example, EPA may assess a group of multiple
COUs together as one OES due to similarities in release and exposure sources, worker aotMitgess,
patterns. Alternatively, EPA may assess multiple OES for one COU because there are different release
and exposure potentials for a given COU. OES determinations are also largely driven by the availability
of daa and modeling approaches to assess occupational releases and exposures. For example, even if
there are similarities between multiple COUSs, if there is sufficient data to separately assess releases and
exposures for each COU, EPA would not group themthesame OES.

D.1 COU-OES Mapping

Thedetails ofanidentified COUwill determinethe number ofassociated OFS). MappingOESto

COUsmay come in many formsncluding a direct onéo-one mapping of a single OE& a single

COU, mapping of one OES to multiple COUs, or mapping of multiple OES to a single@&3town

in Figure_ApxD-1. The OES mapping driven by similarities and differences in the expected

occupational exposures and releases for a COU and the reasonably available data to estimates such
exposures and releases discussed in Secti@ril.1 Further, there may be differences in the name of

an OES from the name of the COU to which it is mapped. This is because OES names are intended to be
succinct capture all COUs where one OES is mapped to multiple COUs, and distinct enough to

represent the specific occupational exposure and release scenario.
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* One COU may map to one OES

COUl1

There may be differences in the COU and OES names because the OES name is intended to be
succinct and specific to the assessed occupational releases and exposures

+ For example, the 1,4-dioxane COU for “Byproduct produced during the production of
OES 1 polyethylene terephthalate” maps only to the OES named “PET byproduct” (see excerpt from
crosswalk Table 2-1 and Apx D-1 below)

Condition of Use
Life Cycle OES
Stage Category Subcategory
. Byproduct produced during PET Byproduct
Processing Byproduct production of PET

*  Multiple COUs may be mapped to the same OES

*  Multiple COUs may be mapped to one OES when the COUs have similar activities and exposure
potentials, and exposures and releases can be assessed for the COUs using a single approach

* There may be differences between the COU and OES names because the OES 1s name is intended to
be succinct and encompass all COUs grouped therein under a general name |

+ For example, the 1,4-dioxane COUs for “Industrial wastewater treatment”, “underground injection”,
“municipal landfill”, and others were assessed together under the OES named “disposal” (see excerpt
from crosswalk Table 2-1 and Apx D-1 below)

Condition of Use

Life Cycle OES

Stage Category

Subcategory

Industrial pre-treatment

Industrial wastewater treatment

Publicly owned treatment
works (POTW)

Underground injection
Municipal landfill
Hazardous landfill
Other land disposal

Disposal Disposal Disposal

Municipal waste incinerator

Hazardous waste incinerator

Off-site waste transfer

+ One COU may be mapped to multiple OES

|
OES | OES 2 OES R] -
oEs 1Jfors 2JoEs 3

Mapping a COU to multiple OES allows for the assessment of distinct scenarios that are not
expected to result in similar releases and exposures

There may be differences between the COU and OES names because the OES capture more distinct
scenarios of occupational release and exposure than the COU

For example, the 1,4-dioxane COU for “dish soap, dishwasher detergent, laundry detergent” (which
is a single COU) was assessed as separate OES named “dish soap”, “dishwasher detergent”,
“laundry detergent (industrial)”, and “laundry detergent (institutional)” (see excerpt from crosswalk
Table 2-1 and Apx D-1 below)

Condition of Use
Life Cycle OES
Stage Category Subcategory
Laundry and Dish soap Dish Soap
c Dishwashing Dishwasher detergent Dishwasher Detergent
onsumer use,
. Products Laundry detergent Laundry Detergent
commercial .
use (Industrial)
Laundry Detergent
(Institutional)

Figure_Apx D-1. COU and OES Mapping
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D.2 COU-OES Crosswalk

A crosswalk of theCOU with the OESassessed is provided Tiable Apx D-1. As discussed in Section
2.1.1, a COU is a combination of life cycle stage, category, and subca@gbiyPA mapped each

COU to an OES. The purpose of an OES is to group, where appropriate, COUs based on similarity of
the operations and data availability for each CBBPA assessed environmental releases (air, water, and

land) andoccupational exposures (inhalation and dermal) talibdane for each of the OHiSted in
Table Apx D-1. As noted in this table, some thiese OESw/erein scope otheFinal Risk Evaluation
for 1,4Dioxane(U.S. EPA, 2020rwhile otherswverein scope othis supplemental risk evaluation.

Table_Apx D-1. Categories and Subcategories of Conditions of Use Included in the Scope of the
Risk Evaluation

Condition of Use

Risk Evaluation in Which

vegetable oils

Processing aidg
not otherwise

Wetting and dispersing
agent in textile processin

listed

Polymerization catalyst

Purification of process
intermediates

Etching of fluoropolymer:

Life Cycle OES Occupational Exposures
Stage Category? Subcategory Were Assessed
Domestic Domestic Manufacture |Manufacturing 2020RE
| Manufacture
Manufacturin
N Import )
Import - Import andrepackaging |2020 RE
Repackaging
Processing as dPolymerization catalyst
Reactant
Non- Basic organic chemical |Industrialuses 2020 RE
incorporative  |manufacturing (process
_ solvent)
Processing Byproductproduced Ethoxylation process SupplementaRE
duringprocesss byproduct
Byproduct
Byproductproduced PET byproduct SupplementaRE
duringproduction ofPET
Recycling Recycling Disposal 2020 RE
Distribution in| Distribution Distribution Distribution ativities N/A
Commerce (e.g.,loading unloading
considered throughout Iif
cycle, rather than using &
single distribution
scenarié
Plasticizer intermediate
. Catalysts and reagents fi
Intermediate usjanhydrous acid reactions
brominations, and
sulfonations
Wood pulping
) Extraction of animal and ,
IndustrialUse Industrialuses 2020 RE
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Condition of Use

Risk Evaluation in Which

Life Cycle OES Occupational Exposures
Sirge Category? Subcategory Were Assessed
Polyalkylene glycol
lubricant . _
Functional Synthetic metalworking Functional fluids (open 2020 RE
) ; system)
fluids (open angfluid
closed system) |Cutting and tapping fluid
Hydraulic fluid Functionalffluids (closed |2020 RE
system)
Chemical reagent
Reference material
Spectroscopic and
photometric measuremel
Liquid scintillation
counting medium
Laboratory Stable reaction medium | Laboratorychemicals 2020 RE
chemicals Cryoscopic solvent for
IndustrialUse, molecular mass
Commercial determinations
Use Preparation of histologic
sections for microscopic
examination
Adhesives and |Film cement Film cement 2020 RE
Sealants
Spray polyurethane foan| Sprayfoam application |2020 RE
Printing and printing | printinginks (3D) 2020 RE
OtherUses compositions, including
3D printing;dry filr_n Dry film lubricant 2020 RE
lubricant; Hydraulic Hydraulic Fracturing | SupplementaRE
fracturing
Paints and Latexwall paint or floor |Paint and floor lacquer |SupplementaRE
Coatings lacquer
Cleaning and |Surfacecleaner Surface Cleaner SupplementaRE
Furniture Care
Products
Laundry and |Dishsoap Dish soap SupplementaRE
Dishwashing |Dishwashedetergent Dishwashedetergent
Products Laundrydetergent Laundry detergent
Consumer . )
Use (industrial)
Corr;mercial Laundry detergent
Use (institutional)
Arts, Crafts, an(Textile dye Textile dye SupplementaRE
Hobby
Materials
Automotive Antifreeze Antifreeze SupplementaRE
Care Products
Other ConsumeSpraypolyurethane foam| Spray foam application |2020 RE

Uses
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Condition of Use

Life Cycle
Stage

Category?

Subcategory

OES

Risk Evaluation in Which
Occupational Exposures
Were Assessed

Disposal

Disposal

Industrial pretreatment

Industrial wastewater
treatment

Publicly owned treatmen
works (POTW)

Underground injection

Municipal landfill

Hazardous landfill

Other land disposal

Municipal waste
incinerator

Hazardous waste
incinerator

Off-site waste transfer

Disposal

2020 RE

aThese categories of conditions of use reflect CDIRcodes and broadly represent conditions of use fedibyane in
industrial and/or commercial settings.

bThese subcategories reflect more specific uses editbyane.
¢ Potential releases and exposures froadingandunloadingareconsidered throughout life cyclimr each OES. This

includes handling of both neat igdoxane and product formulations containing-didxane.
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Appendix E  INDUSTRIAL AND COMMERCIAL
ENVIRONMENTAL RELEASES

This appendix contains additional information relevant to the assesshiedtistrial and commercial
environmentafeleases

E.1 Estimates ofthe Number of Industrial and Commercial Facilities with
Environmental Releases

As a part of the assessment of industrial and commercial environmental releases, EPA estimated the
number of facilitiesvith release$or each OESWhere available, EPA used 20132019 TRI(U.S.

EPA, 2022hand 20130 2019 DMR(U.S. EPA, 2022¢cdata to provide a basis to estimate the number
of sites using 14lioxane withinan OES Additional information on how EPA utilized TRI and DMR to
estimate the number of sites using-didxane within 820U can be found in Section 2.2.1.2.2 of the
December 202€inal Risk Evaluation for 1Dioxane(U.S. EPA, 2020c

Where the number of sites could not be determined using TRI or DMR or where these data were
determined to not capture the entirety of sites witmrOES EPA supplemented the available data with
U.S. economic data using the following metsiod

1 Identify the North American Industry Classification System (NAICS) codes for the industry
sectors associated with these uses.

T Esti mate tot al number of sites usingWShe U. S
Census Bureau, 20) 8ata on total establishments byligit NAICS.

1 Review available ESDs and GSs for established facility estimates for each occupational exposure
scenario.

1 Combine the data generated in bullets 1 through 3 to produce an estimate of the number of sites
using 1,4dioxane in each-@igit NAICS code and sum across all applicable NAICS codes for
the COU, augmenting as needed with data from the ESDs and GSs, to arrive at a total estimate of
the number of sites within tH@OU.

A summary of the number of facilities EPA determined for each OES and each type of release is shown
in Table_ApxE-1. The number of facilities may be different for each type of release within the same
OES if sufficient data were available to make this differentiation.

Table ApxE-1. Summary of EPAOGs Esti mates for the Numbe

Number of
OES Type of Release Eacilities Notes
Air, Land 1 Based on 2019 TRI reportir{ty.S. EPA, 2022h
Surface Water 1 Based on 2012019 DMR and TRI reportingJ.S.
Manufacturing EPA, 2022¢h)
POTWor Non 1 Based on 2012019 TRI reportindU.S. EPA, 2022n
POTW WWT
Air, Land 1 Based on 2019 TRI reportir{ty.S. EPA, 2022h
| q Surface Water 6 Based on 20712019 DMR and TRI reportingJ.S.
mport an EPA, 2022¢h)
repackaging - -
POTW or Non 6 Based on 20712019 TRI reportindU.S. EPA, 2022h
POTW WWT
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Number of

OES Type of Release Eacilities Notes
Air, Land 12 Based on 2019 TRI reportir{ty.S. EPA, 2022h
Surface Water 24 Based on 2072019 DMR and TRI reportingJ.S.
Industrialuses EPA, 2022¢h)
POTWor Non 17 Based on 2012019 TRI reportindU.S. EPA, 2022h
POTW WWT
Air, Land 2 Based on 2019 TRI reportir{ty.S. EPA, 2022h
Functionalfiuids Surface Water 6 Based on 20h1|'32019 DMR and TRI reportinJ.S.
(opensystem) EPA, 2022¢h)
POTW or Non 1 Based on 20712019 TRI reportindU.S. EPA, 2022hn
POTW WWT
Functionalfluids | All N/A Assessed as a part of Industrial Uses OES
(closedsystem)
Laboratory All 132 Calculated using the GS on Use of Laboratory
chemical ChemicalqU.S. EPA, 202%iand the amount of 1;4
dioxane used in laboratory uses per the December
Final Risk Evaluation for 14Dioxane(U.S. EPA,
20209
Film cement All 211 Based on the number of sites for this OES in the
December 2026€inal Risk Evaluation for 14Dioxane
(U.S. EPA, 2020x which is a bounding estimate bag
on U.S. Census Bureau data for NAICS code 5121
Other Motion Picture and Video Industries
Sprayfoam All 1,553,559 Based on the number of sites for this OES in the
application December 2026@inal Risk Evaluation for 1;Dioxane
(U.S. EPA, 2020x which is a bounding estimate bag
on U.S. Census Bureau data for NAICS code 2383
Drywall and Insulation Contractors
Air, Land N/A Assessed as a part of Industrial Uses OES
Printinginks  [gyrface Water, |1 Based on 2012019 DMR and TRI reportinfJ.S.
(3D) POTW,nonPOTW EPA, 2022¢h).
WWT
Dry film All 8 Based on the number of sites for this OES in the
lubricant December 202€inal Risk Evaluation for 14Dioxane
(U.S. EPA, 2020 which isbased on conversations
with the Kansas City National Security Campus
(manufacturer and uses of dry film lubricants)
Air 15 Based on 2019 TRI reportir{y.S. EPA, 2022h
Surface Water 24 Based on 2012019 DMR and TRI reportinfJ.S.
Di EPA, 2022¢h)
isposal ,
POTW or Non 4 Based on 20712019 TRI reportindU.S. EPA, 2022h
POTW WWT,
Land
Textile dye All 783 Bounding estimate based on U.S. Census Bureau (

for NAICS code 313310, Textiles and Fabric Finish
Mills
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Number of
OES Type of Release Eacilities Notes
Antifreeze All 84,383 Bounding estimate based on U.S. Census Bureau (
for NAICS codes 811111, General Automotive Rep
and 811198, All Other Automotive Repair and
Maintenance
Surfacecleaner |All Unknown Land release estimates for this OES were developg
within the Liverpool, OH case study and the number of sit
Liverpool OH |within this locality is unknown€.g. the release
estimates are not per site but for the entire locality)
Dish soap All 773,851 Bounding estimate for the industry is based on U.S
(industry Census Bureau data for NAICS codes 623300, 713
bounding 721100, 721300, 722300, 722400, and 722500
estimate)
Dishwasher All 773,851 Bounding estimate for the industry is based on U.S
detergent (industry Census Bureau data for NAICS codes 623300, 713
bounding 721100, 721300, 722300, 722400, and 722500
estimate)
Laundry All 95,533 Bounding estimate based on industry information a:
detergent described in the ESD on Water Based Washing
(institutional) Operations at Industrial and Institutional Laundries
(CECD, 2011bp
Laundry All 2,453 Bounding estimate based on U.S. Census Bureau (
detergent for NAICS code 812330, Linen and Uniform Supply]
(industrial)
Paints andloor [All 33,648 Bounding estimate based on U.S. Census Bureau (
lacquer for NAICS code811121, Automotive Body, Paint, ar
Interior Repair and Maintenance
Air, Land 13 Based on 2019 TRI reportir{ty.S. EPA, 2022h
Polyethylene | Surface Water 19 Based on 20112019 DMR and TRI reportingJ.S.
terephthalate EPA, 2022¢h)
(PET)byproduct poTwor Non |14 Based on 2012019 TRI reportingU.S. EPA, 2022
POTW WWT
Air, Land 8 Based on 2019 TRI reportir{ty.S. EPA, 2022h
Ethoxylation gy rface water |7 Based on 2012019 DMR and TRI reportinflJ.S.
process EPA, 2022¢h)
byproduct . _
POTW or Non 6 Based on 20112019 TRI reportindU.S. EPA, 2022h
POTW WWT
Hydraulic All 411 Based on the number of sites that reported using 1
fracturing dioxane to FracFocus 3(GWPC and IOGCC, 2032

E.2 Estimatesof Number of Release Dayfor Industrial and Commercial
Releases
As a part of the assessment of industrial and commercial environmental releases, EPA also estimated the
number of release days for each OEBA referencethe December 202@inal Risk Evaluation for

1,4-Dioxane(U.S. EPA, 20205 GS5, ESDs or madeassumptions when estimating release days for
each OESIn summaryEPA estimated the number of operating days using the below sources of data:
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1. Facility-Specific Data Use facility-specific data if available. If facilibgpecific data is not
available, estimate the dayséarusing one of the following approaches:

a. If facilities have known or estimated average daily use rates, calculate thgedags!
Dayskear= Estimated Annual Use Rate for the Site Yieg#) / average daily use rate
from sites with available data (kg/day).

b. If sites with days/eardata do not have known or estimate average daily use rates, use the
average number of daygarfrom the sites with such data.

2. Industry -Specific Data Industry-specific data may be available in the form of GSs, ESDs, trade
publications, or other relevant literature. In such cases, these estimates should take precedent
over other approaches, unless faciipjecific data are available.

3. Manufacture of Lower-PV Specialty Chemicals For the manufacture of low#V specialty
chemicaldike 1,4dioxane the chemical isot expected tbe manufactured continuously
throughout the year. Therefore, a value of 250 gagsshould be used. This assumes the plant
manufactures the chemical 5 days/week and 50 wessskgivith 2 weeks down for turnaround).
For the manufacture of dioxane as a byproduat.@.,ethoxylation process, PET
manufacturing), 250 days#aris also used, assuming these indabmanufacturing facilities
have a similar operating schedule of 5 days/week and 50 weaks/

4. Processing aRkeactant (Intermediate Use) in the Manufacture of Specialty Chemicals
Similar to #8, the manufacture of specialty chemicals isexqiectedo occur continuously
throughout the year. Therefore, a value of 250 gagstan be used.

5. Other Chemical Plant OES €.g.,Industrial Uses):For these OES it is reasonable to assume
that1,4-dioxaneis not always in use at the facility, even if the facility operates 24/7. Therefore,
in general, avalue of 300 daysarc an b e used b alSeedficBnvironnterdal A Sp E
Release Categoriefact sheet Formulation & (re)packing of substances and mixtiires
Industrial (Solvenb o r rthatusées a default of 300 daysArfor the chemical industry.
However, in instances where the OES uses a low volume of the chemical of interest, 250
days/yea can be used as a lower estimate for the glags/

6. POTWs: Although POTWs are expected to operate continuously over 365dayshe
discharge frequency df4-dioxanefrom a POTW will be dependent on the discharge patterns of
the chemical from the upstream facilities discharging to the POTW. However, there can be
multiple upstream facilities (possibly with different OES) discharging to the same POTW and
information todetermine when the discharges from each facility occur on the same day or
separate days is typically not available. Therefore, an exadiarurhdays/earthe 1,4-dioxane
is discharged from the POTW cannot be determined and a value of 36gedasisould be
used.

7. All Other OESs: Regardless of the facility operating schedule, otherSaESunlikely to use
1,4-dioxaneevery day. Therefore, a value of 250 dggafshould be used fahese OESs

A summary along with a brief explanation is presentetiaile ApxE-2 below.These estimates of

release days are applicable to the air and water release estimates for each OES; however, there is a high
level of variability and uncertainty associated with the number of days of release associated with land
releases. Therefore, EPAWd not estimate the number of days of release for land releases.
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Table ApxE-22Summary of EPAOGs Est i Rdease BDaydExpected forEacand V
OES

OES Release Notes
Days

Manufacturing 250 Assumedb days per week and 50 weeks per year @itveeks per year for
shutdown activities, consistent with tB@20RE (U.S. EPA, 2020c

Import and 250 Assumedb days per week and 50 weeks per year Ritteeksper year for

repackaging shutdown activities, consistent with the December Zaal Risk
Evaluation for 1,4Dioxane(U.S. EPA, 2020c

Industrialuses 250 Assumedb daysper week and 50 weeks per year Witlveeksper year for
shutdown activities, consistent with the December Zgal Risk
Evaluation for 1,4Dioxane(U.S. EPA, 2020c

Functional fluids 247 Per the 2011 OECD Emission Scenario Document on the Use of

(opensystem) Metalworking Fluids, consistent with the December 2BR@I Risk
Evaluation for 1,4Dioxane(U.S. EPA, 2020c

Functional fluids N/A Assessed as a part of Industrial Uses OES.

(closedsystem)

Laboratorychemical | 250 Assumedb daysper week and 50 weeks per year vidtiveeksper year for

shutdown activities, consistent with the December Zigal Risk
Evaluation for 1,4Dioxane(U.S. EPA, 2020t

Film cement 250 Assumedb daysper week and 50 weeks per year Wittveeksper year for
shutdown activities, consistent with the December Zigal Risk
Evaluation for 1,4Dioxane(U.S. EPA, 2020t

Sprayfoam 3 Per the 2018 EPA generic scenario Application of Spray Polyurethane
application Insulation, consistent with the December 262l Risk Evaluation for 14
Dioxane(U.S. EPA, 2020 Releases occur at the residence or a site whe
the SPF is applied and not at the SPF application company location. Eg
SPF application job takes 3 days; however, employees may apply SPF
multiple locations throughout a year, resulting in an overatilver of
exposure days higher than 3 days/yr.

Printinginks (3D) 250 Assumedb daysper week and 50 weeks per year Witiveeksper year for
shutdown activities, consistent with the December Zigal Risk
Evaluation for 1,4Dioxane(U.S. EPA, 2020c

Dry film lubricant 48 Per process description information provided in the Decemberf26ab
Risk Evaluation for 1Dioxane(U.S. EPA, 2020c
Disposal 250 Assumecdb daysper week and 50 weeks per year Witiveeksper year for

shutdown activities, consistent with the December ZEgal Risk
Evaluation for 1,4Dioxane(U.S. EPA, 2020

Textile dye 31i 295 | Based on the 2015 OECD on Textile Dy&&£CD, 2017 and Monte Carlo
Modeling.
Antifreeze 250 Assumedb daysper week and 50 weeks per year vtiveeks per year for

shutdown activities.

Surfacecleaner 350 Assumed 7 days per week and 50 weeks per year with 2 weeks per yes
shutdown activities.
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Release

OES Notes
Days

Dish soap 350 Assumed 7 days per week and 50 weeks per year with 2 weeks per yes

shutdown activities.
Dishwasher 250 Assumedb daysper week and 50 weeks per year Witiveeksper year for
detergent shutdown activities.
Laundry detergent | 2500 Based on the 2011 OECD ESD on Industrial and Institutional Laundries
(institutional) 365 (OECD, 2011pand Monte Carlo Modeling.
Laundry detergent | 20i 365 | Based on the 2011 OECD ESD on Industrial and Institutional Laundries|
(industrial) (GECD, 2011pand Monte Carlo Modeling.
Paints and floor 250 Based on the 2011 OECD ESD on Coating Application via Spray Painti
lacquer the Automotive Refinishing IndustfQECD, 2011x
Polyethylene 250 Assumedb daysper week and 50 weeks per year Wittveeksper year for
terephthalate (PET) shutdown activities.
byproduct
Ethoxylation 250 Assumedb daysper week and 50 weeks per year Witiveeksper year for
process byproduct shutdown activities.

Hydraulic fracturing| 1i 72 Based on the reported number of days for sites that usbdkdne in
FracFocus 3.0GWPC and IOGCC, 2032This range of release days refer
to only the hydraulic fracturing and not pdsacturing production stages.
EPAGs estimates for fl owback and
stages occur over 350 days/y@arS. EPA, 2022

E.3 Water Release Assessment

Thissection describes PAG6 s met h od ol dalywastewater dischangas famiindugtrial
and commercial facilities manufacturing, processing, or usikglioxane Facilities report \astewater
discharges either via Discharge Monitoring Reports (DMRs) under the NPDES d&&R&RUsed 2013

t0 2019 DMR(U.S. EPA, 2022cand 20130 2019 TRI(U.S. EPA, 2022hdata to estimate daily
wastewater discharges for the OES where availablegver, EPA did not have these data for every
OES. For OES without DMR and TRI data, EPA used alternate assessment approaches to estimate
wastewater discharges. Both approadhesefor OES with DMR and TRI data and ¢hotherfor OESs
without these data are described below.

E.3.1 Assessment Usig TRI and DMR
EPA found 20130 2019 DMR and/or 201® 2019 TRI data for facilities within the following OES

Manufacturing

Import and repackaging
Industrial uses

Functional fluids (opesystem)
3D printing

Disposaj

PET byproductand
Ethoxylation byproduct

=4 =4 =8 -8 _9_9_°5_2
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The 20130 2019 TRI data wereatedmediuminEPA 6 s syst emati c r etoi ew prc
2019 DMR wer e.or &tPAd effSme amavmd dai |l y di sctheser ges
OESs with the following general stages as described in the rest of this section

1. Collect wastewater discharge data from 213019 DMR and TRI data,

2. Map wastewater discharge data to occupational exposure scenarios,

3. Estimate the number of facility operating days per year, and

4. Estimate daily wastewater discharges and summarize wastewater discharges for each OES.

Note that EPA compared the TRl and DMR data used to estwadgereleases for the PET byproduct
OESin this risk evaluation to information from a life cycle analysis on the PET manufacturing process
in AppendixE.6.

Step 1:Collect Wastewater Discharge Dateom DMR and TRI

The firststep in estimating daily release@as toobtain2013through2019 DMR and TRI datdJnder

the CWA, EPA regulates the discharge of pollutants into receiving waters through NRDIP®ES
permit authorizes discharging facilities to discharge pollutants to specified NRIBES permits apply
pollutant dischargémits to each outfall at a facility. For risk evaluation purpdsRA isinterested only

in the outfalls to surface water bodyPDESpermits also include internal outfalls,t they arenot

included in this analysis. This is becatisese outfalls armternal monitoring points within the facility
wastewater collection or treatment systeamthey do ot representlischarge$rom the facility. The

permits require facilities to monitor their discharges and report the results to EPA and the state
regulatoryagency. Facilities report these results in DMRs. EPA makes these reported data publicly
avail able via EPA6s ECHO system and EPAOGs Water
Loading Tool is a welbased tool that obtains DMR data through ECHO, prestata summaries and
calculates pollutant loading (mass of pollutant dischard&® queried the ECHQoading Toolto

pull data foreach of years 2013 through 20E®A removed facilities reporting zero discharges for 1,4
dioxanein DMR from the analysibecause EPA cannot confirm if the pollutant is present at the facility.

Eachfacility subject to tha' RI reportingrule must report annually the volume of chemical released to
the environment and/or managed through recycling, energy recovery, and trebimikatDMR, TRI
includes both reports of annual direct discharges to surface water and annual indirect discharges to off
site publicly owned treatment works (POTW) and wastewater treatment (WWT) facilitie® Qibw
WWT). Similar to the air release assessment, ERRAiIded both TRI reporting Form R and TRI
reporting Form A sbmissions in thevater release assessmafthere sites reported to TRI with Form

A, EPA used the Form A threshold for total releases ofila§@ar. EPA used the entire 5@year for
bothdirect and indirect wastewater dischardeswvever, since this threshold is for total site releases,
these 500b/year areattributedeither todirect discharges or indirect dischardesthis analysis, not

both (since that would double count the releases and exceed the total release threshold fprERAmM A
pulled heTRI Basic Plus Data Filef®r each of years 2013 through 2019

In summary, wastewater discharges reported to DMR and TRI include the following:

1 DMR:
o0 Onsite releases tsurface water (direct discharges).
1 TR
o Onsite releases to surface water (direct discharges),
o Off-site transfers to POTWs (indirect discharges), and
o Off-site transfers to neROTW WWT (indirect discharges).
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Note that théwo datasets are not updated concurrently. The Loading Tool automatically and
continuously checks ICISIPDES for newly submitted DMRs. Th®adingTool processes the data
weekly and calculates pollutant loading estimates; therefore, water dischargeMBtadta) are

available on a continual basis. Although the Loading Tool process data weekly, each permitted
discharging facility is only required to report their monitoring results for each pollutant at a frequency
specified in the permie(g, monthly, every2 months, quarterly). TRI data is reported annually for the
previous calendar year and is typically release@dtober(i.e., 2020 TRI data is released @ctober

2021).

Step 2:Map Wastewater Discharge Data to Occupational Exposure Scenarios

The nextstep in estimating daily releaseas tomap2013through2019 DMR and TRI dateo the 1,4

dioxane OES. EPA used the same mapping methodology for the water assessmedessribed in
AppendixE.5.1 EPA ensured consistency in the OES mapping for sites that reported to both TRI and
DMR. EPA also ensured consistency in the OES mapping between the air, water, and land assessments.

Step 3: Estimate the Number of Facility Operating Days per Year

EPA thenestimated the number of operating days (deggs) for each facility reporting wastewater
discharges to DMR and TRI. EPA generally used the same number of operating days for the same OES
for both the air and watemalysis, which is based on theneral methodology described previously in
AppendixE.2

Step 4: Estimate Daily Wastewater Discharges and Summarize Wastewater Discharges for each OES
After the initial steps of selecting and mapping of the water discharge data and estimating the number of
facility operating dayskarwerecompleted, the next stepas to summarizannual andlaily

wastewater dischargésr each OES. EPA summarized annual wastewater discharges reported in DMR
and TRI for each facility. EPA estimated daily wastewater discharges separately for direct and indirect
discharges, as discussed below.

EPA estimated the median and maximum daily direct wastewater discharges at each facility, using the
steps below. EPA presenttte calculated median and maximum daily direct wastewiggeharged
separately for the DMR and TRI datasets because these data do not always agree/match.

1. Obtairedtotal annual loads calculated from the Loading Tool and reported annual surface water
discharges in TRfor years 2013 through 2019.

2. Divided the annualirectdischarge over the number of estimated operating days for the OES to
which the facility has been mapped. The number of operating days differ for each OES, as
summarizedn AppendixE.2

3. Calculated the median daily direct wastewater discharge across all years of data for each facility,
separately for both DMR and TRI data.

4. Identified the maximum daily diregtastewater discharge across all years of data for each
facility. EPA also noted which reporting year had this maximum daily direct wastewater
discharge, separately for both DMR and TRI data.

Forindirectdischarges to POTW or nd?OTW WWT, EPA estimated the average daily indirect
discharges for each facility and each reporting year (Z01®) in TRI using steps #1 and #2 above.
DMR data do not include indirect discharges. EPA did not estimate the median or maximum daily
indirect discharges across all years.
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A summary of the estimated daily discharges using 202819 DMR and TRI is included ib,4
DioxaneSupplementdinformationFile: EnvironmentaReleases to Water for OES with TERIDMR
(U.S. EPA, 2024n

E.3.2 Assessment for OEWithout TRI and DMR
EPA did not find DMR or TRI data for any of the years included in this analysis for the following OES

Functionalfluids (closedsystems)
Laboratory chemicajs

Film cement

Spray polyurethane fogm
Dry film lubricant

Textile dye

Antifreeze

Surface cleaner

Dish soap

Dishwasher detergent
Laundry detergent

Paints and floor lacqueand
Hydraulicfracturing

=4 A48 -4_5_9_9_9_°5_2_-2._-2._-2-

For these OES EPA estimated daily wastewater discharges by using various modeling appdoaches
including the use of surrogate TRI and DMR data and modeling using data from literature, GSs, and
ESDs. EPAO6s a swasteawvatendischarges for edch df thgse D& 8escribed below.

Functional Fluids (ClosedSystems)

Wastewater dischargata were not available for this OB8d EPA did not find any information to
model wastewater discharges for this OES using literature, GSs, or EBBgxpects that the sources
of release for this OES to be similar to those for the Industrial Uses OES, based on the process
information in the~inal Risk Evaluation for 14Dioxane(U.S. EPA, 2020x Therefore, EPA grouped
thewaterrelease assessment for Functional Fluids (Ck&edems) into that for Industrial Uses.
However, there is uncertainty in this assumption of similar release sources between treese OES

Laboratory Chemicals

EPA estimated daily wastewater discharges for facilities withih #fteratory chemicals OESising

the DraftGS on Use of Laboratory Chemicdl$.S. EPA, 202291 TheGS on Use of Laboratory
Chemicalsvasrated higd ur i ng EPAOGSs systematic review proce

Per theGS on Use of Laboratory Chemicalgater releases are not expected for hazardous chemicals.
Becausd ,4-dioxane is considered a hazardous substance under CERCLA (40 CFR Part 302.4) and the
PubChem Hazardous Substances Data Bank (HSDB), there are no water releases for this OES. This is
consistent wittthe water release assessment for this OEReiRinal Risk Evaluation for 14Dioxane

(U.S. EPA, 2020y which indicates that water releases are not expected for laboratory uses of 1,4
dioxane.

Film Cement

EPA estimated daily wastewater discharges for facilities withifriflne cementOES using process
information from the~inal Risk Evaluation for 14Dioxane(U.S. EPA, 2020c The underlying process
information for this assessment was rated high
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Per the risk evaluation, EPA does not expect water releasesdibtahe for this OEEPA expects

the glue bottles to be disposed of as solid waste without. There is some uncertainty as to whether and
how much 1,4ioxane may remain in the glue bottles when disposed. However, due to the small
guantities of the glue and high volatility okth,4dioxane, EPA expects any residual-tlidxane to
evaporate to the air or remain in the solid waste stfea EPA, 2020c

Spray Polyurethane Foam

EPA estimated daily wastewater discharges for facilities withirSiray polyurethane foa@ES using

the same approach described for this @ESppendixE.5.2 which is the use of théS onApplication

of Spray Polyurethane Foam Insulati@hS. EPA, 2020c TheGS onthe Application of Spray

Polyurethane Foam Insulatiovasratedmediumduring PA6s syst emati c revi ew

The GS indicates that there are six release points:

1. Releases to fugitive air for volatile chemicals during unloading of raw materials from transport
containers

2. Releases to water, incineration, or landfill from cleaning or disposal of transport containers

3. Releases to fugitive air for volatile chemicals during transport container cleaning

4. Releases to incineration or landfill from spray polyurethane foam application equipment
cleaning

5. Releases to fugitive air for volatile chemicals during equipment clezanitl

6. Releases to landfill of scrap foam from trimming applied foam.

Based on the GS, only release point #2 has the potential for wastewater discharges. To estimate this
release, EPA used the equations specified in th6JES EPA, 2020k Apart from weight fraction in

spray polyurethan foam, EPA did not find any data specific taib}ane in this OES. Therefore, the
calcul ation of r el eases ,usngthgdefaultinput p&&netarvaduest or  a
from the GS. Specifically, EPA used the same input parameter values that were used in the original risk
evaluation for estimates of occupational exposure; see Appendix GRahtdidrisk Evaluation for 14
Dioxane(U.S. EPA, 2020k

Using this methodology, EPA calculated a range of wastewater releases for thiSoOD&f®. lowend,
EPAassumed there are no water releasbsch is consistent with the GS explanation that containers
may be disposed of without rinsing. For the hagtd,EPA assumed the containers may be rinsed /
poured down drains such that the entire relpaseat #2is to POTW. Direct water discharges are not
likely given the setting (construction/ renovation sites).

EPAG6s calculation of wastewater discharges for
in 1,4-DioxaneSupplementdinformationFile: EnvironmentaReleases to Water for OES without TRI
or DMRdata(U.S. EPA, 2024n

Dry Film Lubricant

EPA estimated daily wastewater discharges for facilities withibtldilm lubricantOES using

process information from tHénal Risk Evaluation for 14Dioxane(U.S. EPA, 2020x The underlying

process information for this assessmentwas faggdd ur i ng EPAOGS systematic r

Per the risk evaluation, EPA does not expect water releasesdibtahe for this OEBased on
conversations the with only known user, EPA expects wastes to be drummed and sent to a waste handlet
with residual wastes releasing to air or being disposed to larfdfit. EPA, 2020c
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Textile Dye

EPA estimated daily wastewater discharges for facilities withi éx¢le dyeOES using th©ECD

ESDon Textile DyegOECD, 201Y and Monte Carlanodeling The ESDon Textile Dyesvas rated
medumdur i ng EPAG6s systematic review process. The
variation of calculation input parameters such that a distribution of environmental releases can be
calculated, from which EPA can estimate théh&hd 93h percentile releases. An explanation of this
modeling approach iscluded in AppendiE.11

Antifreeze

EPA did not find any information to model wastewater discharges for this OES using literature, GSs, or
ESDs, nor does EPA expect this OES to be similar to other OES such that surrogate data may be used.
EPA evaluated the potential for releases using the@ESD on Chemical Additives used in

Automotive Lubricant§OECD, 2020 and the EPA MRD on Commercial Use of Automotive Detailing
ProductgU.S. EPA, 2022h The ESD andRD were both ratedighd ur i ng EPAG&s syste
process.

For the use of antifreeze, EPA expects releases may occur from volatilizationslmxbdde, disposal

or cleaning of empty antifreeze containers, and spent antifreeze. Both the ESD and MRD indicate that
containers of automotive maintenance fluids aréeclly small and are not rinsed, but rather disposed of
as solid wastéU.S. EPA, 2022pOECD, 2020(. Additionally, the ESD on Chemical Additives used in
Automotive Lubricants indicates that spent lubricants are disposed of via incineration, which EPA
expects is similarly done for spent antifre€2&CD, 2020. Therefore, based on this information, EPA
does not expect water releases otdigkane for this OES.

Surface Cleaner

EPA estimated daily wastewater discharges for facilities withilstiveace cleanedES using the

SHEDsHT model, which is described Bection2.1.1.2 Thismodeling was completed for one case

study location (Liverpool OH) and only estimates indirect wastewater discharges. EPA does not expect
direct wastewater discharges to surface water from the types of commercial facilities within this OES
(e.g.,restaurants, office buildings, other locations with janitorial services).

Dish Soap

EPA estimated daily wastewater discharges for facilities within the Dish Soap OES using data from a
public commentEPA/OPPT modelsand Monte Carlanodeling The public comment was ratadjh
during EPAOGs sys t(x@a202).dhenuse ofiMente Carlo madelisgsallows for
variation of calculation input parameters such that a distribution of environmental releases can be
calculated, from which EPA can estimate the 50th arld ®&rcentile releases. An explanation of this
modeling approach isicluded in AppendiE.14

Dishwasher Detergent

EPA estimated daily wastewater discharges for facilities withilbtblewasher deterge@ES using

data from a public commerEPA/OPPT modelsgnd Monte Carlanodeling The public comment was
ratedhighd ur i ng EPAG6s sy s t(Rma202).dheuse ofiMente Carlo madelisgs
allows for variation of calculation input parameters such that a distribution of environmental releases
can be calculated, from which EPA can estimate the 50th ahg&fentile releases. An explanation of
this modeling approach iscluded in AppendiE.14
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Laundry Detergent

EPA estimated daily wastewater discharges for facilities withihélaedry detergeDES using the

OECD ESD on Industrial and Institutional Laundri€&CD, 2011pand Monte Carlanodeling The

ESD on Industrial and Institutional Laundrigas ratednediumd ur i ng EPAGS systemat
process. The use of Montel Carlo modeling allows for variation of calculation input parameters such that
a distribution of environmental releases can be calculated, from which EPA can estimatbk #mel 50

95th percentile releases. An explanation of this modeling approach is includegéemdixE.12

Paints and Floor Lacquer

EPA estimated daily wastewater discharges for facilities withifP#iets and floor lacque©OES using

the OECD ESD orCoating Application via Sprafainting in the Automotive Refinishing Industry

(OECD, 20115 The ESDwas ratednediumd ur i ng EPAOGS systematic revi

As described in the process descriptioAppendixF.4.7 1,4-dioxane was identified by a public
comment as present in automotive refinishing products, thereby allowing EPA to identify the above
ESD as the most applicable GS/ESD availables ESD indicates that releases are expected from

1. Releases to incineration or landfill frorardainer cleaning/disposal,

2. Releases to incineration or landfill froequipment cleaning,

3. Releases to incineration or landfill from over sprayed coating that is captured by emission
controls,and

4. Releases to air fromver sprayed coating that istrcapturedoy emission controls.

None of these releases are expected to WateCD, 20115 Therefore, based on this ESERA does
not expect water releases of-tlidxane for this OES.

Hydraulic Fracturing

EPA estimated daily wastewater discharges for facilities withimdgtraulic fracturingOES using the

Draft OECD ESD orHydraulic FracturindU.S. EPA, 2022eand Monte Carlenodeling TheRevised
ESDonHydraulic Fracturing was ratddghd ur i ng EPAGO6s systematic revi e
Montel Carlo modeling allows for variation of calculation input parameters such that a distribution of
environmental releases can be calculated, from whi¢hdahR estimate the B0and 9%h percentile

releases. An explanation of this modeling approach is included in Apperidix

E.3.3 Water Release Estimates Summary
A summary ofindustrial and commercial water releassimated using the above methalpresented
in Table_ApxE-3 below. Specifically, this table presents the range of daily water releases per site for
each OES.
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Table Apx E-3. Summary of Daily Industrial and Commercial Water Release Estimates for 1;Dioxane

Range ofEstimated Daily Estimated
Number of ReleasePer Site Release Overall Data
OES Typfe DieLter Facilities with (kg/site-day) Frequency Quality Source$
Discharge L
Release% Mi M Range Determination
in ax (days)
Surface Water 1 1.21 21.4 Medium TRI, DMR
Manufacturing |POTW or Industrial |1 0 6.69 250 Medium TRI
WWT
Surface Water 6 0.91" Medium TRI, DMR
Import and - 250 -
repackaging POTW or Industrial 6 0 0.91 Medium TRI
WWT
Surface Water 24 0 24.5 Medium TRI, DMR
Industrialuses |POTW or Industrial |17 0 105 250 Medium TRI
WWT
i . | Surface Water 6 0 0.67 Medium TRI, DMR
Functional fluidg - 047 -
(opensystem) POTW or Industrial 1 4.67 70.9 Medium TRI
WWT
Functional fluidg All Assessed as a part of Industrial Uses OES N/A N/A
(closedsystem)
Laboratory Surface Water, POTW| 132 0 (water releases not expecte| 250 High GS'
chemical or Industrial WWT
Film cement Surface Water, POTW, 211 0 (water releases not expecte( 250 High Process
or Industrial WWT informatiorf
; Surface Water 1,553,559 0 (surface water releases not Medium GS
Sp“?y oam expected) 3
application -
POTW 1,553,559 0 0.0036 Medium GS
o Surface Water 1 0.018 0.022 Medium TRI, DMR
Printing inks : — - .
(3D) POTW or Industrial |1 0 (no indirect releases per TRI) 250 Medium Medium
WWT
Dry film Surface Water, POTW, 8 0 (water releases not expected| 48 High Process
lubricant or Industrial WWT informatiorf
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Range ofEstimated Daily

Estimated

Number of ReleasePer Site Release Overall Data
OES Typ_e SIS Facilities with (kg/site-day) Frequency Quality Source$
Discharge 7
Release$ Mi M Range Determination
Surface Water 24 0 31.8 Medium TRI, DMR
Disposal POTW or Industrial |4 0 0.91 250 Medium TRI
WWT
POTW 783 1. 50ET1 0]0.001 Medium ESD’ and Monte
_ Carlo Modeling
Textile dye - m . -
Land (unknown landfill 783 2. 09ET0|9. 72ET ( Medium ESD and Monte
(draft RE 31 to 295 )
- type) or POTW Carlo Modeling
estimates) .
(unknown partitioning)
POTW 783 1. 3ET05|99E1 04 Medium ESDY and Monte
Carlo Modeling
Textile dye
(updated Land (unknown landfill 783 1.9E7107|96ET 05 (1010312 yedium ESDY and Monte
estimatey’ type) or POTW Carlo Modeling
(unknown partitioning)
Antifreeze Surface water, POTW, 84,383 0 (water releases not expecte| 250 High Process
or Industrial WWT informatiorf and
Modeling'
POTW Unknown 0.072 (single daily release valu N/A SHEDSHT
for all sites combined in
Liverpool OH case study)
Surface cleaner| Land (unknown Unknown 18" (single daily release value f| 250 High SHEDSHT,
landfill) or POTW all sites combined in Liverpool Process
OH case study) informatiorf
Modeling'
Dish soap @raft [POTW Unknown 0.064 250 N/A SHEDSHT

RE estimates
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Range ofEstimated Daily

Estimated

Number of ReleasePer Site Release Overall Data
OES Typ_e of Water Facilities with (kg/site-day) Frequency Quality Source$
Discharge 7
Release% Mi M Range Determination

Dish soap POTW or Fugitive Air | 773,851 8.4E 108 1.5 103 350 High (P&G, 2023 and
(updated (unknown partitioning) Monte Carlo
estimate}’ Modelingd’
Dishwasher POTW Unknown 0.001424 250 N/A SHEDSHT
detergen{draft
RE estimates
Dishwasher POTW or Fugitive Air | 773,851 1.2E 106 3.7E 04 350 High (P&G, 2023 and
detergent (unknown partitioning) Monte Carlo
(updated Modeling'
estimatep’
Laundry Fugitive air, stack air, {95,533 1. 51E71 1|0.00714 Medium ESD and Monte
detergent or POTW (unknown Carlo Modeling
(institutional)i | partitioning)
'c‘ig‘t:'rd entédraft | L2nd (unknown 95,533 4. 05ET 1|3. 95E7 |250t0365 |Medium ESD and Monte
RE egtimate)@ landfill), incineration, Carlo Modeling

or POTW (unknown

partitioning)
Laundry Fugitive air, stack air, {95,533 3.0E 013 6.6E 102 Medium ESD and Monte
detergent or POTW (unknown Carlo Modeling
(institutional)i | partitioning)
Liquid Land (unknown 95,533 8.1E 113 3.8E 04 25010365 |Medium ESD and Monte

detergents
(updated
estimatey’

landfill), incineration,
or POTW (unknown
partitioning)

Carlo Modeling
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Range ofEstimated Daily

Estimated

Number of ReleasePer Site Release Overall Data
OES Tyg_e of Water Facilities with (kg/site-day) Frequency Quality Source$
ischarge R 7
elease% Min Max Range Determination
(daysy

Fugitive air, stack air, {95,533 3. 05E1T0|2. 10ET ( Medium ESD and Monte
Laundry or POTW (unknown Carlo Modeling
d'et(-irt g(te_nt i partitioning)
I(;I,gjv(ljgrlona)l Land (unknown 95,533 5. 36 ET1 0]0.0018 20 to 365 Medium ESD and Monte
detergentgdraft landfill), incineration, Carlo Modeling
RE estimate§ | ©' POTW (unknown

partitioning)
Laundry Fugitive air, stack air, {95,533 2.1E 108 1.9 103 Medium ESD and Monte
detergent or POTW (unknown Carlo Modeling
(institutional)i | partitioning)
Powder Land (unknown 95,533 1.4E 108 1.8E 102 25010 365 |Medium ESD and Monte
detergents landfill), incineration, Carlo Modeling
(updated or POTW (unknown
estimatey’ partitioning)

Fugitive air,stack air, |2,453 5. 48E1 1|0.011 Medium ESD and Monte
Laundry or POTW (unknown Carlo Modeling
detergent partitioning)
(industrial)i — ~ - .
Liquid Land (unknown 2,453 4. 78ET 1|1. 46ET7 (20t0365 |Medium ESD and Monte
detergentsdraft landfill), incineration, Carlo Modeling
RE estimateg | °F P_QTV_V (unknown

partitioning)
Laundry Fugitive air, stack air, | 2,453 3.1E 111 0.11 Medium ESD andMonte
detergent or POTW (unknown CarloModelingd'
(industrial)i partitioning)
Liquid Land (unknown 2,453 6.6E T13 1.4E 03 20t0 365  |Medium ESD andMonte
detergents landfill), incineration, CarloModelingd'
(updated or POTW(unknown
estimate}’ partitioning)
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Range ofEstimated Daily

Estimated

Number of ReleasePer Site Release Overall Data
OES Typ_e el Facilities with (kg/site-day) Frequency Quality Source$
Discharge o
Release% Mi M Range Determination

Fugitive air, stack air, {2,453 1. 76 E1 0(0.0112 Medium ESD and Monte
Laundry or POTW (unknown Carlo Modeling
gﬁgeljgt?ir;),r partitioning)
Powder Land (unknown 2,453 2. 92E7T1|3. 92ET (20t0365 |Medium ESD and Monte
detergentsdraft landfill), incineration, Carlo Modeling
RE estimateg or P_C_)TV_V (unknown

partitioning)
Laundry Fugitive air, stack air, {2,453 1.8E 111 0.10 Medium ESD and Monte
detergent or POTW (unknown Carlo Modeling
(industrial)i partitioning)
Powder Land (unknown 2,453 1.5 111 3.8 03 20t0 365  |Medium ESD and Monte
detergents landfill), incineration, Carlo Modeling
(updated or POTW (unknown
estimatey’ partitioning)
Paints and floor| Surface water, POTW, 33,648 0 (water releases not expecte| 250 Medium ESD and process
lacquer or Industrial WWT informatiorf

Surface water 19 0 10,050 Medium TRI, DMR
PET byproduct | POTW orindustrial |14 0 682 250 Medium TRI

WWT
Ethoxylation Surface water 7 0 0.25 Medium TRI, DMR
process POTW or Industrial |6 0 448 250 Medium TRI
byproduct WWT

Surface water, 411 3.61ET 1[459 Medium ESDand Monte

incineration, or landfill Carlo Modeling
Hydraulic (unknown partitioning)
fracturing(draft | Recycle/Reuse (48%), 411 1. 85ET 1(1.12 1to 72 Medium ESDfand Monte
RE estimatéS | underground injection Carlo Modeling

(43%), Surface water

(6%), or land (3%)
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Range ofEstimated Daily Estimated
Number of ReleasePer Site Release Overall Data

Facilities with (kg/site-day) Frequency Quality Source$

Release% Mi M Range Determination

Type of Water

BES Discharge

Surface water, 411 4. 3ET 10|56 Medium ESDfand Monte
incineration, or landfill Carlo Modelin@
(unknown partitioning)

Recyclefeuse §%), 411 2. 8E1 09|14 Medium ESDand Monte
undergroundnjection Carlo Modeling
(70%), Surface water
(19%), or land
(evaporation ponds, 1to 72
percolation ponds,
irrigation, road
treatment)6%)

Hydraulic
fracturing
(updated

estimatey’

Surface water (13%), (411 4.9 111 0.64 Medium ESDand Monte
Land (soil) (64%), and Carlo Modeling
Landfill or Incineration
(23%)

aSee AppendiE.1for explanation of how EPA determined the number of sites for each OES

bWhere available, EPA used the Decen®@20Final Risk Evaluation for 14Dioxane(U.S. EPA, 2020); generic scenarios, and emission scenario
documents to provide a basis to estimate the number of release daydiokape within a COU.

¢ Narrative descriptions of all release estimate sources are providegémdixE.3.2

4 The generic scenario used for this COU is the GS on Use of Laboratory ChémigalsPA, 2022i

€ For this COU, EPA used process information, which is further descrildgapendixE.3.2

"The generic scenario used for this COU is the GS on Application of Spray Polyurethane Foam IifsuatioRA, 2018p

9 The emission scenario document used for this COU is the ESD on Textil¢@y€®, 2017.

" For this COU, EPA used various models and literature for model input parameters as desAppeddixE.3.2

' The emission scenario document used for this COU is the ESD on Industrial and Institutional L&DEMR@s2011 )

I The emission scenario document used for this COU is the ESD on Coating Application via Spray Painting in the AutomathiadRiefilustry OECD,
20119.

K The emission scenario document used for this COU is the Revised ESD on Hydraulic FrédtGrifigPA, 2022e

' This value is the Commercial Upstream POTW releastisiated from the SHEBIST Down the Drain Model for the Liverpool OH case study (see Sec
2.1.1.2.

™ All sites for this OES reported under Form A in TRI.

" A single annual value was provided for all sites in the Liverpool OH case study.

° For select OES updates to release estimates were made via information prayidesl SACC and public comments.

Page261of 570



https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7697036
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10480466
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5080424
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3828838
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6387321
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3808976
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3808976
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10366193

E.3.4 Summary of Weight of Scientific Evidence Conclusiongn Water Release Estimates

Table ApxE-4pr ovi des a s weighiof sgientfitevidereadodcdusionsn its water release estimates for each ofQES
Detailed descriptions of ne@ES specifistrengthslimitations, assumptions, and uncertain{es.,general limitations for TRI, DMR, etc.)
are provided in Appendik.6.

Table Apx E-4. Summary of Weight of Scientific Evidence Conclusiongn Water Release Estimates by OES
OES Weight of Scientific Evidence Conclusionn Release Estimates

Manufacturing Wastewater discharges are assessed using reported discharges fropP02OTRI and DMRFactors that increase the
strength of evidence for this OES are that the release data are directly relevant to the OES (as opposed to suriidrig
and DMRhavemedium overall data quality determinatipasd consistency within the dataset (all reporters use the sa
similar reporting forms)EPA included 7 years of TRl and DMR data in the analygisch increases the variability of the
datasetA strength ofTRI data is thaT Rl compiles the beseasonablavailable release data for all reporting facilities.

Strengthsof DMR data are that it is based on monitoring data collected by facilities and the annual pollutant load is
calculated by integrating release reports over shorter timefrangegr(onthly, quarterly) and extrapolating over the cou
of the yearFactors that decrease the strength of the evidence for this OES include the low number of data points, U
in the accuracy of reported releasand théimitationsin representativeness to all sites because TRI may not capture i
relevant sites. AdditionallfEPA made assumptions on the number of operating days to estimate daily retbases

introduces additional uncertaintgased on this information, EPA has concluded thatvight of scientificevidenceor
this assessment is moderate to robust and provides a plausible estimate of releases in consideration of the strengt
limitations of reasonably available data.

Import and repackaging |Wastewater discharges are assessed using reported discharges fro2@POTRI and DMRFactors that increase the
strength of evidence for this OES are that the release data are directly relevant to the OES (as opposed to surfidgja
and DMRhavemedium overall data quality determinatipasd consistency withithe dataset (all reporters utfee same or
similar reporting forms)EPA included seven years of TRI and DMR data in the analykish increases the variability of
the datasetA strength of TRI data is thaRl compiles the beseasonablyavailable release data for all mpng facilities.
Strengthsof DMR data are that it is based on monitoring data collected by facilities and the annual pollutant load is
calculated by integrating release reports over shorter timefrangegr(onthly, quarterly) and extrapolating over the cou
of the yearFactors that decrease the strength of the evidenteis@®ES include the low number datapoints, uncertaint
in the accuracy of reported releases, uncertainty i
representidveness to all sites because TRI may not capture all relevantites. facilities within this OE&portedio TRI
using a Form A, whicldoes not include any details on chemical release quantities. When a facility has submitted a |
there is no way to discern the quantity released. Therefore, where facilities reported to TRI with a Form A, EPA us
Form A threshold for total releas of 500 Ib/year for each release media; however, there is uncertainty in this becaug
actual release quantity unknown. Furthermore, the threshold represents an upper limit on total releases from the fg
therefore, assessing releases at the threshold value may overestimate actual releases from thadiicitiglly,
uncertainty is introduced frolBPAS assumptions on the number of operating days to estimate daily releases and in
mapping of DMRreporting facilities to this OESased on this information, EPA has concluded thawvikight of scientific
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OES

Weight of Scientific Evidence Conclusionn Release Estimates

evidencdor this assessment is moderate to robust and provides a plausible estimate of releases in consideration g
strengths and limitations of reasonably available data.

Industrial Uses

Wastewater discharges are assessed using reported discharges fro2@P@TRI and DMRFactors that increase the
strength of evidence for this OES are that the release data are directly relevant to the OES (as opposed to suridig
and DMRhavemedium overall data quality determinatipasd consistency withithe dataset (all reporters utiee same or
similar reporting forms)EPA included seven years of TRI and DMR data in the analybish increases the variability of
the datasetA strength of TRI data is thatRI compiles the beseasonablyavailable release data for all reporting facilitie
Strengthof DMR data are that it is based on monitoring data collected by facilities and the annual pollutant load is
calculated by integrating release reports over shorter timefrangegr(onthly, quarterly) and extrapolating over the cou
of the year Factors that decrease the strength of the evidentleis@®ES include uncertainty in the accuracy of reporteq
rel eases, uncertainty in EPAG6s use of Form A submi s
may not capture all relevant sit&ome facilities within this OE&portedto TRIusing a Form A, whickloes not include
any details on chemical release quantities. When a facility has submitted a Form A, there is no way to discern the
released. Thereforeshere facilities reported to TRI with a Form A, EPA used the Form A threshold for total releases
Ib/year for each release media; however, there is uncertainty in this because the actual release quantity is unknow,
Furthermore, the threshold repeess an upper limit on total releases from the facility; therefore, assessing releases &
threshold value may overestimate actual releases from the fakditjtionaly, uncertainty is introduced froEBPAS s
assumptions on the number of operating daysstimate daily releases and in the mapping of Bl{Rrting facilities to
this OES Based on this information, EPA has concluded thawisight of scientificevidencefor this assessment is
moderate to robust and provides a plausible estimate of releases in consideration of the strengths and limitations ¢
reasonably available data.

Functional fluids (open

system)

Wastewater discharges are assessed using reported discharges fropPO2OTRI and DMRFactors that increase the
strength of evidence for this OES are that the release data are directly relevant to the OES (as opposed to surfidgja
and DMRhavemedium overall data quality determinatipasd consistency withithe dataset (all reporters utiee same or
similar reporting forms)EPA included seven years of TRI and DMR data in the analykish increases the variability of
the datasetA strength of TRI data is thaiRl compiles the beseasonablyavailable release data for all mping facilities.
Strengthf DMR data are that it is based on monitoring data collected by facilities and the annual pollutant load is
calculated by integrating release reports over shorter timefrangegr(onthly, quarterly) and extrapolating over the cou
of the yearFactors that decrease the strength of the evidence for this OES include the low number of data points, U
in the accuracy of reported releases, and the limitations in representativeness to all sites because TRI may not caf
relevant sitesTheassessment includes data from only two sites that reported to TRI (one of which reported zero wa
releases) and four that reported to DMRditionally, uncertainty is introduced fro EPAS assumptions on the number o
operating days to estimate daily releasesiatike mapping of DMRreporting facilities to this OE®ased on this
information, EPA has concluded that theight of scientificevidenceor this assessment is moderate to robust and pro
a plausible estimate of releases in consideration of the strengths and limitations of reasonably available data.

Functional fluids (closed

system)

No data was available to estimate releases for this OES. For the water release assessment, EPA grouped this OE
Industrial Uses OES because the sources of release are expected to be similartiheted@iBS$actors that increase th
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OES

Weight of Scientific Evidence Conclusionn Release Estimates

strength of evidence for this OES d#nat TRI and DMR havenedium overall data quality determinations and consisten
within the dataset (all reporters use the same or similar reporting fékddijionally, EPA included seven years of TRI a
DMR data in the analysis, which increases the variability of the dal@sstbrs that decrease the strength of evidence fd
this OES are that the Industrial Releases OES release data are use as surrogate for this OES, uncertainty in the a
reported releaseand the limitations in representativeness to all sites because TRI may not capture all relevant siteg
Refer to the Industrial Uses OES discussion for additional discussion. Based on this information, EPA has conclud
weight of scientificevidencefor this assessment is slight and provides a plausible estimate of releases in considerati
strengths and limitations of reasonably available data.

Laboratory chemicals

Wastewater discharges are assessed using the Draft GS on Use of Laboratory Clianitb&lssS, water releases are n
expected for hazardous chemic&lecausel,4-dioxane is considered a hazardous chemical under CERCLA, no water
releases are expected for this OES according to th€&@s®rsthat increase the strengthevidence for this OES atbat
thereleaseestimatesre directly relevant to the OES (as opposed to surroghéf)raft GS on Use of Laboratory
Chemicalshas ahigh overall data quality determinatipandthere is a low level of uncertainty in the ddtactors that
decrease the strength of the evidence for this @&&de the that the GS fimot been peaeviewed, uncertainty in the
representativeness tife GS towardall sitesin this OES andalack of variability in the analysi§Specifically, because the
default values in the ESD are generic, there is uncertainty in the representativeness of generic site estimates e s
from realworld sites that use l-dioxane Another uncertainty is lack of consideration for release controls. The ESD
assumes that all activities occur without any release corfdisal releases may beds than estimated if facilities utilize
pollution control methods, contributing to uncertairBgsed on this information, EPA has concluded thatvigight of
scientificevidencédor this assessment is slight to moderate and provides a plausible estimate of releases in conside
the strengths and limitations of reasonably available data.

Film cement

Wastewater discharges are assessed using process information fnmattitisk Evaluation for 14Dioxane.Per the
process information, EPA does not expect water releases-diakdne for this OES because -Hidxane volatilizes to air
after application of the film cement and empty cement bottles are disposed of as solid waste withoutaictsirggthat
increase the strength of evidence for this OES are that the release estimates are directly relevant to the OES (as g
surrogate)the underlyng data sources for the process information have a high overall data quality deterpamatithere
is a low level of uncertainty in the data becausetbeess information comes directly from actual users efiib¥ane in
film cement.Factors that decrease the strength of the evidence for thinOlE&e theuncertainty irnthe representativenes
of evidence to all siteis this OESand a lack of variabilitySpecifically, he process information for the production and (
of film cement is based on information from three use sites, one from Australia and two fronitéteStatesBased on
this information, EPA has concluded that #height of scientificevidencedor this assessment is slight to moderate and
provides a plausible estimate of releases in consideration of the strengths and limitations of reasonably available d

Spray foam application

Wastewater discharges argesessed using the GS on Application of Spray Polyurethane Foam Insatimns that
increase the strength of evidence for this OES are that the release estimates are directly relevant to the OES (as g
surrogate), the underlying data sources for the process informatioa hae@ium overall data quality determinatiand
there isa low level of uncertainty in the datgactors that decrease the strength of the evidence for this OES include
uncertainty in theepresentativeness thfe GSto all sitessince it is generic and not specific to sites that uselibxdaneand
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a lack of variability Based on this information, EPA has concluded thatvight of scientificevidencefor this assessmer
is slight to moderate and provides a plausible estimate of releases in consideration of the strengths and limitations
reasonably available data.

Printing inks(3D)

Wastewater discharges are assessed using reported discharges froP@POTBVIR Factors thaihcrease the strength of
evidence for this OES are that the release data are directly relevant to the OES (as opposed to surrogatehdabhat DM
medium overall data quality determinatj@md consistency within the dataset (all reporters use the same or similar re
forms). Additionally, EPA used DMR data for seven years, which increases the variability of the ditasgthsof DMR
data are that it is based on monitoring data collected by facilities and the annual pollutant load is calculated mginte
release reports over shorter timeframeeg.(monthly, quarterly) and extrapolating over the course of the Faators that
decrease the strength of the evidence for this OES include the low number of data points, uncertainty in thefaccurg
reported releases, atite limitations in representativeness to all sitefditionally, no TRI data is available for this OES
EPAmade assumptions on the number of operating, daybthee isuncertainty in the mapping of DMReporting facilitieg
to this OESBased on this information, EPA has concluded thatvikight of scientificevidencefor this assessment is
moderate to robust and provides a plausible estimate of releases in consideration of the strengths and limitations ¢
reasonably available data.

Dry film lubricant

Wastewater discharges are assessed using process information fnmatttisk Evaluation for 14Dioxane.Based on
conversations the with only known user who supplied this process information, EPA expects wastes to be drumme
to a waste handler with residual wastes releasing to air or being disposed to landfill, such that there are no water r¢
Factors that increase the strength of evidence for this OES are that the release estimates are directly relevantds th
opposed to surrogal, the underlying data sources for the process information have a high overall data quality deter
andthere isa low level of uncertainty in the dat&dditionally, the process information comes directly from an actual us
1,4-dioxane in dry film lubricantdractors that decrease the strength of the evidence for thisnClE&euncertainty irthe
representativeness of evidence to all sired alack of variability.Based on this information, EPA has concluded that th
weight ofscientificevidencefor this assessment is slight to moderate and provides a plausible estimate of releases i
consideration of the strengths and limitations of reasonably available data.

Disposal

Wastewater discharges are assessed using reported discharges fro20P2OTRI and DMRFactorsthat increase the
strength of evidence for this OES are that the release data are directly relevant to the OES (as opposed to surfidgja
and DMRhavemedium overall data quality determinatipasd consistency withithe dataset (all reporters utiee same or
similar reporting forms)EPA included seven years of TRI and DMR data in the analykish increases the variability of
the datasefA strengh of TRI data is that Rl compiles the beseasonablyavailable release data for all reporting facilitie
Strengthsof DMR data are that it is based on monitoring data collected by facilities and the annual pollutant load is
calculated by integrating release reports over shorter timefrangegr(onthly, quarterly) and extrapolating over the cou
of the yearFactors that decrease the strength of the evidentleis@®ES include uncertainty in the accuracy of reportec
rel eases, u n ¢ e oftFam A dubmissions, dhdPtiedimitatiors in representativeness to all sites becau
may not capture all relevant sit€&me facilities within this OE&portedo TRIusing a Form A, whiclloes not include
any details on chemical release quantities. When a facility has submitted a Form A, there is no way to discern the
released. Therefore, where facilities reported to TRI with a Form A, EPA used the Form A threshold for total oé&@G
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Ib/year for each release media; however, there is uncertainty in this because the actual release quantity is unknow,
Furthermore, the threshold represents an upper limit on total releases from the facility; therefore, assessing raeas
threshold alue may overestimate actual releases from the fadldglitionaly, uncertainty is introduced froEBPAS s
assumptions on the number of operating days to estimate daily rededseshe mapping of DMIReporting facilities to
this OES Based on this imfrmation, EPA has concluded that theight of scientificevidenceor this assessment is
moderate t@obust and provides a plausible estimate of releases in consideration of the strengths and limitations of
reasonably available data.

Textile dye

Wastewater discharges are assessed using Monte Carlo modeling with information from the ESD on TeXtéeDy®s
that increase the strength of evidence for this OES are that the edtasstesre directly relevant to the OES (as oppos
to surrogate)thatthe ESD on Textile Dyesas anedium overall data quality determinatiand was peer reviewgthe high
number of data points (simulation runsdnsistency within the datasand full distributions of input parametef$ie Monte
Carlo modeling ecounts for thentire distribution of input parameters, calculatindistribution of potential release value
thatrepresents a larger proportion of sitlesn a discrete valu€actors that decrease the strength of the evidence for th
OESincludeuncertaintiegnd limitations in the representativeness of the estimates for sites that specificallydiszahé
becausehe default values in the ESD are genekitother uncertainty is lack of consideration for release controls. The
assumes that adictivities occur without any release controls. Actual releases may be less than estimated if facilities
pollution control methodscontributing to uncertaintydased on this information, EPA has concluded thatviight of
scientificevidencefor this assessment is moderate and provides a plausible estimate of releases in consideration of
strengths and limitations of reasonably available data.

Antifreeze

Wastewater discharges are assessed using the OECD ESD on Chemical Additives used in Automotive Lubricants
EPA MRD on Commercial Use of Automotive Detailing ProduEtsctors that increase the strengtlevidence for this
OES are thathe ESD and MRD usdthve highoverall data quality determinatisyconsistency within theources used, ar
a low number of uncertaintieBoth sources indicate that containers of automotive maintenance fluids are not typicall
rinsed, but rather disposed of as seli@ste or incinerated, such that there are no water rejeasgsbuting to consistency
and a low level of uncertainty in the daactors that decrease the strength of the evidence for thign@E&ethat the
ESD and MRD are not directly applicable to antifreeze uses (used as surrogate), uncetta@ngpresentativenessthé
ESD and MRDio all sitesand sites that specifically use dibxane since these documents contain generic vandsa
lack ofvariability. Based on this information, EPA has concluded thatviight of scientificevidenceor this assessment
slight to moderate and provides a plausible estimate of releases in consideration of the strengths and limitations of
reasonably available data.

Surface cl

eaner

Wastewater discharges are assessed using the SHED®del.Factorghatincrease the strength of evidence for this O
include thathe releasestimatesre directly relevant to the OES (as opposed to surfpgativariability in the model inpu
parameters. Factors that decrease the strength of the evidence for this OES include uncertainty in the representdli
sites because ttestimate is based on one case study for Liverpoola@Hbecause the estimatenot sitespecific (the
release estimate is a total for all sites in Liverpool, OH). Based on this information, EPA has concludeaviightiod
scientificevidencdor this assessmeit slight and provides a plausible estimate of releases in consideration of the st
and limitations of reasonably available data.
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Dish Soap

Wastewater discharges are assessed using Monte Carlo modelingfovitiation froma public commenand standard
EPA/OPPT modeld=actors that increase the strength of evidence for this OES are that theestimastesre directly
relevant to the OES (as opposed to surrogtta)the public commertias ahigh overall data quality determinatid® &G,
2023, there are a high number of data points (simulation rams) full distributions of input parametekdonte Carlo
modeling accounts for thentire distribution of input parameters, calcula@ndistribution of potential release valubat
represents a larger proportion of sitiean a discrete valu&he major factothat decreasghe strength of the evidence for|
this OESinclude theuncertaintiesand limitations in the representativeness of the data from the public comment towa
sites that useish soaps containing tdioxane Another uncertainty ighe lack of a GS or ESD describing this scenario;
EPA used standard EPA/OPPT models for each of the expected release points to build tHgasedieh this information
EPA has concluded that thesight of scientificevidencefor this assessment is moderate and provides a plausible estir]
releases in consideration of the strengths and limitations of reasonably available data.

Dishwasher detergent

EPA usedhe same approach to estimate wastewater discharges for this OES as the Dish Soap OES. Therefore, th
rationale and overall weight of scientific evidence apply to this OES.

Laundry detergent

Wastewater discharges are assessed using Monte Carlo modeling with information from the ESD on Industrial ang
Institutional LaundriesFactors that increase the strength of evidence for this OES are that theestisaatsare directly
relevant to the OES (as opposed to surrogtita)the ESD orindustrial and Institutional Laundriéss amedium overall
data quality determinaticeind was peer reviewgthere are a high number of data points (simulation rgoskistency
within thedataset, and fullidtributions of input parametenglonte Carlo modeling accounts for thmtire distribution of
input parameters, calculatimgdistribution of potential release valubatrepresents a larger proportion of sitean a
discrete valueAdditionally, EPA was able to separately estimate releases for industrial and institutional laundry sett
Factors that decrease the strength of the evidence for thisn@E&euncertaintiesand limitations in the representativeng
of the estimates for sites that spmefly use 1,4dioxane becaudhe default values in the ESD are genekitother
uncertainty is lack of consideration for release controls. The ESD assumes that all activities occur without any rele
controls. Actual releases may be less than estimated if facilities utilize pollution control methods. Based on thioimfg
EPA has concluded that thesight of scientificevidencefor this assessment is moderate and provides a plausible estir]
releases in consideration of the strengths and liimitsiof reasonably available data.

Paint and floor lacquer

Wastewater discharges are assessed using OECD ESD on Coating Application vRaB8ypnag in the Automotive
Refinishing IndustryAccording to the ESD, no releases are expected to vretors that increase the strengtlevidence
for this OES ard¢hat thereleaseestimatesre directly relevant to the OES (as opposed to surrogatSDhas a medium
overall data quality determinatipand a low number of uncertaintids Factors that decrease the strength of the eviden
this OESinclude a laclof variability and uncertainty ithe representativenesstbé ESDto all sitesand sites that
specifically use 14lioxane since the ESD is geneBased on this information, EPA has concluded thaiviight of
scientificevidencédor this assessment is slight to moderate and provides a plausible estimate of releases in conside
the strengths and limitations of reasonably available data.

Polyethylene terephthalal
(PET) byproduct

Wastewater discharges are assessed using reported discharges fro2@P9TRI and DMRFactors that increase the
strength of evidence for this OES are that the release data are directly relevant to the OES (as opposed to suridgig
and DMRhavemedium overall data quality determinatipnensistency withithe dataset (all reporters udee same or
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similar reporting forms), and consistency with the emission data from the related life cycle analysis discussed in Af
E.6. EPA included seven years of TRI and DMR data in the analykish increases the variability of the dataget
strength of TRI data is th&RI compiles the beseasonablavailable release data for all reporting facilit®sengthsof
DMR data are that it is based on monitoring data collected by facilities and the annual pollutant load is calculated K
integrating release reports over shorter timefraragg, (nonthly, quarterly) and extrapolating over the course of the yei
Factors that decrease the strength of the evidence for this OES include the uncertainty in the accuracy oflegs@sed
and thdimitationsin representativeness all sitesbecause TRI may not capture all relevant sites. Additioraly made
assumptions on the number of operating days to estimate daily relehgdsintroduces additional uncertainBased on
this information, EPA has concluded that #height of scientificevidenceor this assessment is moderate to robust and
provides a plausible estimate of releases in consideration of the strengths and limitations of reasonably available d

Ethoxylation process

byproduct

Wastewater discharges are assessed using reported discharges fropPO2OTRI and DMRFactors that increase the

strength of evidence for this OES are that the release data are directly relevant to the OES (as opposed to surfidgja
and DMRhavemedium overall data quality determinatipasd consistency withithe dataset (all reporters utiee same or
similar reporting forms)EPA included seven years of TRI and DMR data in the analybish increases the variability of
the datasefA strength of TRI data is thatlRl compiles the beseasonablyavailable release data for all mping facilities.

Strengthsof DMR data are that it is based on monitoring data collected by facilities and the annual pollutant load is
calculated by integrating release reports over shorter timefrangegr(onthly, quarterly) and extrapolating over the cou
of the yearFactors that decrease the strength of the evidence for this OES include uncertainty in the accuracy of re
releases and tHenitationsin representativeness to sitesbecause TRI may not capture all relevant sites. Additipnal

EPA made assumptions on the number of operating days to estimate daily rethagemtroduces additional uncertainty
Based on this information, EPA has concluded thatvikight of scientificevidencefor this assessment is moderate to ro
and provides a plausible estimate of releases in consideration of the strengths and limitations of reasonably availal

Hydraulic fracturing

Wastewater discharges are assessed using Monte Carlo modeling with information RaviskdESD on Hydraulic
Fracturing and FracFocus 3factors that increase the strength of evidence for this OES are that the release estima
directly relevant to the OES (as opposed to surrogate), thRethieedESD on Hydraulic Fracturing and FracFocus 3.0
have medium overall data quality determinatjghat the Revised ESD has undergone peer review by OEChbigthe
number of data points (simulation runs), anefull distributions of input parameterslonte Carlo modeling accounts for
theentire distribution of input parameters, calculat@ndistribution of potential release valubatrepresents a larger
proportion of siteshan a discrete valuEactors that decrease the strength of the evidence for this OES inohetainties
that may result in ovegstimate®f releasesind limitations in theapresentativeness of the estimatesafbsites
Specifically, EPA usedgome inputvalues from th&kevisedESD, becausahe default values in the ESD are generic, ther,
uncertainty in the representativeness of the generic site estimateswbriebsites that use l-dioxane. Another
uncertainty is lack of consideration for release controls. The ESD assumes ttia¢tia#ésaoccur without any release
controls. Actual releases may be less than estimated if facilities utilize pollution control metimadbuting to uncertainty
Based on this information, EPA has concluded thatviksight of scientificevidencefor this assessment is moderate to ro
and provides a plausible estimate of releases in consideration of the strengths and limitations of reasonably availal
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E.4 Land Release Assessment

This section descri bes REhdabland eleaséor iddudtrialgnd f or es
commercial facilities manufacturing, processing, or usingdiggane EPA did not estimate daily land

releases due to the high level of uncertainty in the number of release days associated with land releases.
Facilities reportannual land releasestite Toxics Release Inventory (TRWhich include a variety of

release mechanisms, including but not limited to underground injection, RCRA Subtitle C landfills,

other landfills, surface impoundments, and land treatni#A used 2019 TRIU.S. EPA, 2022hdata

to estimate annual land releases for the OES where available; however, EPA did not have these data for
every OES. For OES without TRI data, EPA used alternate assessment approaches to estimate annual
land releases

In addition, EPA did a more idepth analysis of TRI for sites within tbesposal OES. Specifically,

EPA did an analysis of 2018 2019 TRI data for this OES. Operations at disposal sites are expected to
be more complex than those at sites in other OES, which typically generate waste for land disposal off
site. Additionally, the disposal OES includes the sites of ultimate disp@sghy are the landfills
themselves) and EPA considered the impact of continuous years of land releaseboxfahd athese

sites orngeneral population and ecological exposures

E.4.1 Assessmentsing TRI
EPA found 2019 TRI data for facilities within the following GES

Manufacturing

Import and repackaging
Industrialuses

Functional fluids (opesystem)
Disposaj

PET byproduct and
Ethoxylation byproduct

= =42 =4 -8 -8 -9 -9

The TRI data wereatedmediuminEPAG6s systematic review process.
releases using TRI fahese OESswith the following general stages as described in the rest of this
section.

1. Collect land release data from the 2@42019 TRI for the Disposal OES and 2019 TRI data for
all other OES,

2. Map land release data to occupational exposure scenarios,

3. Analyze 20130 2019 TRI data for the disposal OES, and

4. Summarize 2019 annual land releases for the other OES.

Step 1:CollectLand Releasdatafrom TRI

The firststep in estimatingand releasewas toobtainTRI data.As previouslydiscussed in Appendix
E.3.], each facility subject to the TRI reporting rule must report annually the volume of chemical
released to the environment and/or managed through recycling, energy recovery, and ti$gmteant.
to the air release assessment, ERAuded both TRI reporting Form R and TRI reporting Form A
submissions in thiand release assessmafhere sites reported to TRI with Form BRA used the
Form A threshold for total releases of 3byear. EPA used the entire Syear foreach type of land
releasehowever, since this threshold is for total site releases, thedb/$88ar areattributedone type
of land release at a tinfeinceassessing it for more than one land release media at avtud@ double
count the releases and exceed the total release threshold for FdEPAApulled thelrRI Basic Plus
Data Filedor each ofyears 2013 through 2019
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TRI data include both erand offsite land releases. In summary, TRI includes the following land

release media;

1 Onsite releases:

(0]

O 0O O0OO0OO0Oo

(0]

Underground injection

RCRA subtitle C landfills
Other landfills

Land treatment

RCRA surface impoundments
Other surface impoundments
Other land disposal

Waste rock

M Off-site releases:

(0]

O O0OO0OO0OO0OO0OO0o

(0]

Step 2:Map Land Releasdata to Occupational Exposure Scenarios
The nextstep in estimatingand releasewas tomapthe 20130 2019 TRI datdo the 1,4dioxane OES.

Underground injection

RCRA subtitle C landfills

Other landfills

Land treatment

RCRA surface impoundments
Other surface impoundments

Other land disposal

Transfer towvaste broker for disposal
Solidification/stabilization

EPA used the same mapping methodology as that used for both the air and water assessments, which is

describedn AppendixE.5.1 EPAensured consistency in the OES mapping between the air, water, and

land assessments.

Step 3:Analyzeand Summarize2013to 2019 TRIData for the Disposal OES
For the sites that EPA mapped to the disposal OES in thet@@039 TRI data, EPA analyzed and

summarized the land release datéodews:

1 EPA summarized which of the reporting years that each disposal facility submitted data to TRI.
This summary allows for visualization of which sites report recurring land disposal of 1,4

dioxane between 2013 and 2019.

1 EPA differentiated between disposal sites that transferredidne to other sites for disposal
and the receiving sites that disposed ofdigkane on site. For the receiving sites at which 1,4
dioxane was disposed of to land, EPA summarized the nushberque sites from which the
receiving sites received tdloxane for land disposal and the total amount ofdiggane
received for land disposal between 2013 and 2019.

1 EPA summarized the total amount of-tiidxane released to each land release media between
2013 and 2019. In summary, ddbxane was disposed of from disposal OES sites wsiten
and offsite RCRA subtitle C landfills, esite and offsite undergrounchjection, and offsite

other landfills between 2013 and 2019.

EPAOGS

analysis and s ummo20ly TRosites in thexdisposabQES eas lges
found in1,4-Dioxane SupplementaiformationFile: EnvironmentaReleases to Land for the Disposal

OES(U.S. EPA, 2024m
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Step 4: Summarizénnual Land Releasefor Other OES with 2019 TRI data

For the remaining OESSor which 2019 TRI data were availabEPA summarizethe annual land

releases by media type.§.,underground injection, RCRA subtitle C landfills, other landfills, land
treatment) anditeinformation, including site identity, city, state, zip code, TRI facility ID, &8RS ID.

EPA did not estimate daily land releases due to the high level of uncertainty in the number of release
days associated with land releases.

EPAOGs summar y dheselOBSsdcluded ink4DsoxanefSapplementédformation
File: Environmental Releases to Land for all OES Except Disgfasal EPA, 2024l

E.4.2 Assessment folOES Without TRI
EPA did not find 2019 TRI data for the following O£S

Functionalfluids (closedsystems)
Laboratory chemicajs

Film cement
Spraypolyurethane foam
3D Printing

Dry film lubricant

Textile dye

Antifreeze

Surface cleaner

Dish soap

Dishwasher detergent
Laundry detergent

Paints and floor lacqueand
Hydraulic fracturing

= A -A2-0_9_9_95_95_42_2_-29._-2°_-2°_3-°

Forthese OES<EPA estimated land releases by using various modelingagm@s, including the use
of surrogate TRI data and modeling using data
land releasefr each othese OES#& described below.

Functional Fluids (ClosedSystems)

Land releaseata were not available for this OB8d EPA did not find any information to model land
release for this OES using literature, GSs, or EEIP#\ expects that the sources of release for this OES
to be similar to those for the Industrial Uses OES, based on the process informatidrinaltResk
Evaluation for 1,4Dioxane(U.S. EPA, 2020x Therefore, EPA grouped thendrelease assessment for
Functional Fluids (Close8ystems) into that for Industrial Uses. However, there is uncertainty in this
assumption of similar release sources betwkese OESs

Laboratory Chemicals

EPA estimated land releases for facilities withinltaboratory chemical®ES using the DrafeS on
Use of Laboratory Chemica(s).S. EPA, 20291 TheGS on Use of Laboratory Chemicalasrated
highduri ng EPAOG6s systematic review process.

The GS indicates that there are eight release points:

1. Release to air from transferring volatile chemicals from transport containers.
2. Release to air, water, incineration, or landfill from transferring solid powders.
3. Release to water, incineration, or land from cleaning or disposal of transport containers.
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Release to air from cleaning containers used for volatile chemicals.

Labware equipment cleaning residuals released to water, incineration, or landfill.
Release to air during labware equipment cleaning for volatile chemicals.
Release to air from laboratory analyses for volatile chemicals.

Release to water, incineration, or landfill from laboratory waste disposal.

© N O A

Based on the GS, release points #2, 3, 5, and 8 have the potential for land releases; however, release
point #2 is not applicable because-flidxane is not a solid powder. To estimate the remaining land
releases, EPA used the equations specified in ta B6(U.S. EPA, 20291 EPA did not find any data
specific to 1,4dioxane in this OES. Therefore, the calculation of releases using this GS are for a

i g e n e 1 Dsing teeidéfault input parameter values from the GS.

Using this methodology, EPA calculated highd and lowend annual land releases for this OES. The

low- and highend estimates are based on the-&awl or typical and higlend or worstcase calculation

i nput parameter def aul insflahdreteasestfdntais @ES,.incliEinghad s ¢ a l
calculation inputs, can be foundi-DioxaneSupplementainformationFile: Environmental Releases

to Land for all OES Except Dispodal.S. EPA, 2024l

Film Cement

EPA estimatedand releasefor facilities within theFilm cementOES using process information from
theFinal Risk Evaluation for 14Dioxane(U.S. EPA, 2020x The underlying process information for

this assessmentwasratighd ur i ng EPAG6s systematic review pro

The process of using film cement involves applying the cement onto edges of photographic films by
hand using a small brush, then joining the pieces of film by pressing and heating to dry the cement.
Based on this process information, EPA expects landsedaaay result from disposal of empty film
cement bottles that contain residual amounts of film cement containkuokaine. EPA estimated this
land release as a range, using a film cement use rate of 2.htsité3/earand a concentration of 1,4
dioxane in the film cement of 46 50 percentfrom the process information in tiénal Risk Evaluation
for 1,4Dioxane(U.S. EPA, 2020x; and the EPA/OPPT Small Container Residual Model central
tendency loss fraction of Ogercentand highend loss fraction of 0.percent EPA is uncertain of the
specific type of land disposal for the empty film cement bottles.

EPAG6s calculation of | and releases for this OES
found in1,4-DioxaneSupplementadinformationFile: Environmental Releases to Land for all OES
Except DisposalU.S. EPA, 2024l

Spray Polyurethane Foam

EPA estimatedand releasefor facilities within theSpray polyurethane foa@ES using the GS on
Application of Spray Polyurethane Foam InsulatfonS. EPA, 2020c The GS on the Application of

Spray Polyurethane Foam Insulation was ratediumd ur i ng EPAG6s systematic

The GS indicates that there are six release points:

1. Releases to fugitive air for volatile chemicals during unloading of raw materials from transport
containers

2. Releases to water, incineration, or landfill from cleaning or disposal of transport containers

3. Releases to fugitive air for volatile chemicals during transport container cleaning

4. Releases to incineration or landfill from spray polyurethane foam application equipment
cleaning
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5. Releases to fugitive air for volatile chemicals during equipment cleaauial
6. Releases to landfill of scrap foam from trimming applied foam.

Based on the GS, release poirits 4, and Gave the potential fdand releaseslo estimate these

releases, EPA used the equations specified in th@JGS EPA, 2020c Apart from weight fraction in

spray polyurethan foam, EPA did not find any data specific talib)Xane in this OES. Therefore, the
calcul ation of rel eases ,uwsngthgdefaultinput p&&netarivaduest or  a
from the GS. Specifically, EPA used the same input parameter values that were used in the original risk
evaluation for estimates of occupational exposure; see Appendix GRhtdidRisk Evaluation for 1,4
Dioxane(U.S. EPA, 2020c

Using this methodology, EPA calculategjh-end and lonend annual land releases for this OES. The

low- and highend estimates are based on the-&awl or typical and higlend or worstcase calculation

i nput parameter defaults from the GS. ingBIA6s <cal
calculation inputs, can be foudg4-DioxaneSupplementanformationFile: Environmental Releases to

Land for all OES Except Dispos@l).S. EPA, 2029l

3D Printing

Landreleasedata were not available for this OES and EPA did not find any information to taadel
releasegor this OES using literature, GSw, ESDs. EPA expects that industaglplications of this

OES to be accounted for in the Industrial Uses TRI data. Per the Decembé&iirZdlRisk Evaluation

for 1,4Dioxane(U.S. EPA, 2020y 3D printing ink containing 1;dioxane is used in research labs to

print biomedical products. Because the 2019 TRI data for the Industrial Uses OES include medicinal and
pharmaceutical manufacturing NAICS codes, medical research labs that conductti®i pith 1,4

dioxane inks may be captured in that OES. Therefore, EPA groupkththeeleasa@assessment f@&D
Printinginto that for Industrial Uses. However, there is uncertainty in whether 3D printing sites are truly
captured in the Industrial Uses TRI data.

Dry Film Lubricant

EPA estimatedand releasefor facilities within theDry film lubricantOES using process information

from theFinal Risk Evaluation for 14Dioxane(U.S. EPA, 2020x The underlying process information

for this assessmentwasrateghd ur i ng EPAGs systematic review pr

The process for the production and use of dry film lubricant is described2020eREand is based on
information provided to EPA by the one known user. In summary, the process entails first producing the
concentrated dry film lubricant by mixing i¢doxane with other additives, followed by the dilution of

the concentrated dry film lubaat with additional 1 4lioxane and the use of the dry film lubricant. The

use involves spray application onto substrates in a vented paint booth and the subseggentacur

vented oven and cleaning of the dried parts in adigdane batifU.S. EPA, 2020 Based on this

process description, EPA expects land releases may result from

1. Residuals in empty containers of pure-didxane used for mixing of the concentrated dry film
lubricant,

2. Cleaning residuals for equipment usedmixing of the concentrated dry film lubricant,

3. Residuals in empty containasEpure 1,4dioxane used for diluting the concentrated dry film
lubricant,

4. Residuals in empty containers of concentrated dry film lubricant, and

5. Waste from cleaning spray application equipment and the parts onto which the dry film lubricant
was applied.
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EPA estimated land releases usingdigkane use rates derived from the process information and
standard EPA models. Specifically, EPA estimated land releases from release points #1, 3 and 4 using
theEPA/OPPT Small Container Residual Magdehich has a central tendency loss fraction of 0.3
percentand a higkend loss fraction of 0.percentof the container volume. EPA used container volumes
specified in the process information, which are eithgallbn or 0.5pint containergU.S. EPA, 2020x

EPA estimated releases from release point #2 usingRB¢OPPT Single Process Vessel Residual

Model, which has a central tendency loss fraction ofpg@Zentand a higkend loss fraction of percent

of the 1,4dioxane throughput. EPA estimated land releases from release point #5 by assuming the entire
volume of the cleaning bath used for equipment and parts is released to landfill. This is consistent with
the process information, which indicates thaent 1,4dioxane is disposed of as chemical waste, which
EPA assumes may be to either incineration or RC&#part C landfill{U.S. EPA, 2020c

EPAGs calculation of | and releases for this OES
found in1,4-DioxaneSupplementadiformationFile: Environmental Releases to Land for all OES
Except DisposalU.S. EPA, 2024l

Textile Dye

EPA estimated land releases for facilities within Tegtile DyeOES using th€©ECDESDon Textile
Dyes(OECD, 2017 and Monte Carlanodeling The ESDon Textile Dyesvas ratednediumduring

EPAGOS systematic review process. The use of Mon
input parameters such that a distribution of environmental releases can be calculated, from which EPA
can estimate the #9and 9%h percentile releases. An explanation of this modeling approach is included

in AppendixE.11

Antifreeze

EPA did not find any directly applicable GS/ESD or literature sources for this OES; however, EPA
evaluated the potential for releases using the OECD ESD on Chemical Additives used in Automotive
Lubricants(OECD, 2020 and the EPA MRD on Commercidke of Automotive Detailing Products

(U.S. EPA, 2022 The ESD and MRD were both rateghd ur i ng EPAG&s systemat.i

For the use of antifreeze, EPA expects releases may occur from volatilizationslmxbde during
unloading/ pouring antifreeze into vehicles, disposal or cleaning of empty antifreeze containers, and
disposal okspent antifreeze. Both the ESD and MRD indicate that containers of automotive maintenance
fluids are typically small and are not rinsed, but rather disposed of as solidWwastePA, 2022

OECD, 2020. Additionally, the ESD on Chemical Additives used in Automotive Lubricants indicates

that spent lubricants are disposed of via incinerdiiohlending with fuel oilOECD, 202(). However,

since spent antifreeze is unlikely to be blended with fuel oil, EPA expects spent antifreeze may be
disposed of via incineration or landfills that take chemical wasterefore, EPA expectand releases

result from disposal of empgntifreeze containers and spent antifreeze.

To estimate the use rate of bxane for this OES, EPA used thensumer use rate of antifregfel5

kg antifreeze/jobjrom theFinal Risk Evaluation for 14Dioxane(U.S. EPA, 2020cand scaled this

valueup to a commercial use rate based on a range of the number of cars serviced at atrtanstiops
NearField/FarField Brake Model and Automotive Detailing MR to 9 jobs/day)EPA used a range

of concentration of 14lioxane in antifreeze from the process descriptiohppendixF.4.2and

assumed antifreeze container sizes ranging from 16 ounces to 5 gallons per the default container sizes in
the MRD and ESD, respectively.S. EPA, 2022p0ECD, 2020.
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To estimate the land release from container disposal, EPA used the calculatiesddné throughput

based on the above batch parameters anBRAEOPPT Small Container Residual Madehich has a
central tendency loss fraction of (p8rcentand a higkend loss fraction of 0.percent To estimate the

land release from spent antifreeze, EPA used thdity&ne throughput and a mass balance assuming
100percentrelease minus upstream losses from container disposal and volatilizations during unloading
(estmated with theePA/OAQPS AP42 Loading Modél

EPAGs calcul ation of | and releases for this OES
found in the supplemental attachmé&mt-DioxaneSupplementdinformationFile: Environmental
Releases to Land for all OES Except Dispgsab. EPA, 2024l

Surface Cleaner

EPA did not find any directly applicable GS/ESD or literature sources for this OES; however, EPA
estimated land releases using the SHEIDsmodeling conducted for the one case study location
(Liverpool OH) and the assumptions described here. EPA expects that the main release points from the
use of surface cleaners are from

1. Disposal of empty containers containing residual cleaning solution,
2. Application of the cleaning solution, and
3. Disposal of cleaning solution by rinsing or wiping.

Because EPA did not find any directly applicable GSs or ESDs, EPA used the Draft GS on Furnishing
Cleaning(U.S. EPA, 2022kto inform these releases due to the similarities in surface cleaning and
furnishing cleaningThe Draft GS on Furnishing Cleaningas ratechighd ur i ng EPAGO6s syst
review procesgsPer this Draft GS, empty containers may be rinsed out in sinks or disposed of without
rinsing, such that releases may be to wastewater or landfill; the GS ug%/tt@PPT Small Container
Residual Modeto estimate this release. Application losses are to fugitive air from spray application; the
GS uses literature data to estimate this release. Once applied, the cleaner may be rinsed off or wiped off
with rags or towks, such that releases may be to wastewater or landfill; the GS assunpescEiQ

release scenario, estimating this release by subtracting the upstream losses from the cleaner use rate
(U.S. EPA, 2022n

The SHEDsHT modeling estimated wastewater discharges of 72 g alidy@ne per day for

commercial uses of surface cleaners containinglibdane in Liverpool OH. As described previously,
because both release point #1 and #3 may also be to either wastmwandfills, EPA assumes the

same quantity of 72 g of kdioxane per day from the SHEDSI model may be released to unknown
landfills for this OES. EPA notes that these 72 g is either entirely to wastewater or landfill or some split
between the two edia. The 72 g is not to both wastewater and landfill because that would double count
the release,

EPAG6s calculation of | and releases for this OES
found in1,4-DioxaneSupplementdinformationFile: Environmental Releases to Land for all OES
Except DisposalU.S. EPA, 2024l
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Dish Soap

EPA estimated land releases for facilities withinEheh soapgOES using data from a public comment
EPA/OPPT modelsand Monte Carlanodeling The public comment was ratedghd ur i ng EPAG& s
systematic review proce§8&G, 2023. The use of Monte Carlo modeling allows for variation of
calculation input parameters such that a distribution of environmental releases can be calculated, from
which EPA can estimate the 50th and&ercentile releases. An explanation of this modeling approach
isincluded in AppendiE.14

Dishwasher Detergent

EPA estimated land releases for facilities within Enghwasher deterge@ES using data from a public
comment EPA/OPPT modelsand Monte Carlanodeling The public comment was ratbayh during

EPAGOs syst emat((P&S, 208 VIheause offviordecCarto snodeling allows for variation

of calculation input parameters such that a distribution of environmental releases can be calculated, from
which EPA can estimate the 50th and9&ercentile releases. An explanation of this modeling approach
isincluded in AppendiE.14

Laundry Detergent

EPA estimated land releases for facilities withinlthandry deterger®ES using th©ECD ESD on
Industrial and Institutional Laundrié®ECD, 2011pand Monte Carlanodeling TheESD on

Industrial and Institutional Laundriegas ratednediumd ur i ng EPAOGS systematic
use of Montel Carlo modeling allows for variation of calculation input parameters such that a
distribution of environmental releases can be calculated, from whiclcEf Astimate the H9and 9%h
percentile releases. An explanation of this modeling approach is included in Apgehtik6

Paints and Floor Lacquer

EPA estimatedand releasefor facilities within thePaints and floor lacque©OES using the OECD

ESD on Coating Application via Spraainting in the Automotive Refinishing Indus{@ECD,

20119. The ESD was ratesiediumd ur i ng EPAGO6s systematic review p

As described in the procedsscription in Appendi¥.4.7, 14-dioxane was identified by a public
comment as present in automotive refinishing products, thereby allowing EPA to identify the above
ESD as the most applicalBS/ESD available. This ESD indicates that releases are expected from

1. Releases to incineration or landfill frorartainer cleaning/disposal,

2. Releases to incineration or landfill fromquipment cleaning,

3. Releases to incineration or landfill from over sprayed coating that is captured by emission
controls,and

4. Releases to stack air fromver sprayed coating that istrcapturedoy emission controls.

Based on the GS, release psifit through 3have the potential fotand releaseslo estimate thse

releass, EPA used the equations specified in the HEIECD, 20115 Apart from weight fraction in

coatings (se@ppendixF.4.7), EPAdid not find any data specific to t¢doxane in this OES. Therefore,

the calcul ation of r el eas g@singisideiaglt input pasametketvalaes e f
from theESD.

Using this methodology, EPA calculated tbe-endandhigh-endland releasefor this OES which are
expected to be to unknown landfills per the HEIECD, 2011x The low and highend estimates are

based on the lonand highe nd cal cul ati on i nput parameter def e
land releases for this OES, including all calculation inputs and assumptions, can be fhdnd in

Page2760f 570


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11333406
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11333406
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6387321
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3808976
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3808976
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3808976
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3808976

DioxaneSupplementdinformationFile: Environmental Releases to Land for all OES Except Disposal
(U.S. EPA, 2029l

Hydraulic Fracturing

EPA estimated land releases for facilities withinlyelraulic fracturingDES using the DrafDECD

ESD onHydraulic FracturindU.S. EPA, 2022eand Monte Carlanodeling TheRevised ESbn

Hydraulic Fracturing was ratddghd ur i ng EPAG6s systematic review p
modeling allows for variation of calculation input parameters such that a distribution of environmental
releases can be calculated, from which EPA can estimatetthari&D93%h percentile releases. An

explanation of this modeling approachnisluded in AppendiE.13

E.4.3 Land Release Estimates Summary
A summary ofindustrial and commercial land releagsimated using the above meth@&lpresented
in Table_ApxE-5 below. Specifically, this table presents the range of daily or annual land releases per
site for each OES.
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Table Apx E-5. Summary of Daily Industrial and Commercial Land Release Estimates for 1;Dioxane

Range ofEstimated Daily Estimated
Number of ReleasePer Site Release Overall Data
OES Type of Land Releasg Facilities with (kg/site-day) Frequency Quality Source$
Release% Mi M Range Determination
Manufacturing Land (all types) 1 0 250 Medium TRI
Import and Land (all types) 1 0 250 Medium TRI
repackaging
Industrial uses  |Land (all types) 12 0 227 (annually) | 250 Medium TRI
Functional fluids |Land (all types) 2 0 0 247 Medium TRI
(opensystem)
Functional fluids [All Assessed as a partlofustrial use©ES N/A N/A
(closedsystem)
Laboratory Land (unknown type)|132 0 489 (annually) | 250 High GS
chemical
Film cement Land (unknown type)|211 0.0035 0.037 250 High Process
(annually) (annually) informatiorf

Spray foam Land (unknown type) | 1,553,559 0.032 (annually) 0.047 3 Medium GS
application (annually)
Printing inks(3D) | Fugitive Air, Stack |Assessed as a partlofiustrial use©ES 250 N/A N/A

Air, and Land (all

types)
Dry film lubricant |Land (hazardous was 8 0 188 (annually) |48 High Process

landfill) informatiorf
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Range ofEstimated Daily

Estimated

Number of ReleasePer Site Release Overall Data
OES Type of Land Releasg Facilities with (kg/site-day) Frequency Quality Source$
Release$ Mi M Range Determination
Land (RCRA Sub C |18 0 7,307 Medium TRI
landfill) (annually)
Land(Underground |18 0 331,980 Medium TRI
Disposal injection) (annually) 250
Land (NorRCRA 18 0 890 (annually) Medium TRI
landfills)
Land (all other types)| 18 Medium TRI
Textile dye (draft |Land (unknown 783 2. 09E1T0|9. 72ET 0]31to295 Medium ESD and Monte
RE estimate$) landfill type) or Carlo Modeling
POTW (unknown
partitioning)
Textile dye Land (unknown 783 1. 9E1T07|9. 6ET 05|31t0295 Medium ESI¥ and Monte
(updated landfill type) or Carlo Modeling
estimatey' POTW (unknown
partitioning)
Antifreeze Land (unknown 84,383 3. 75E71 010.029 250 High Process
landfill) (annually) (annually) informatiorf and
Modeling'
Surface cleaner |Land (unknown Unknown 18" (single daily release value ¢ 250 High SHEDSHT',
landfill) or POTW all sites combined in Liverpool Process
OH case study) informatiorf
Modeling'
Dish soapdraft |Land (unknown Unknown 0.048 (annual |0.097(annual [250 High SHEDSHT,
RE estimates landfill) value for all value for all Process
sites in sites in information
Liverpool OH |Liverpool OH Modeling
casestudy) case study)
Dish soap Land (unknown 773,851 7.0E 111 7.4E 105 350 High (P&G, 2023 and
(updated landfill) Monte Carlo
estimate¥' Modeling'
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Range ofEstimated Daily

Estimated

Number of ReleasePer Site Release Overall Data
OES Type of Land Releasg Facilities with (kg/site-day) Frequency Quality Source$
Release$ Min Max Range Determination
(daysy
Dishwasher Land (unknown Unknown 1. 08E10(2. 17ET1 0/250 High SHEDSHT,
detergen{draft landfill) (annual value fg (annual value Process
RE estimates all sites in for all sites in information
Liverpool, OH |Liverpool, OH Modeling
case study) case study)

Dishwasher Land (unknown 773,851 7.6ET110 2.2E 105 350 High (P&G, 2023 and
detergenfupdated landfill) Monte Carlo
estimate}' Modeling’
Laundry detergen|Land (unknown 95,533 4. 0O5ET 1|3. 95ET 0/250to 365 Medium ESD and Monte
(institutional)i landfill), incineration, Carlo Modelin@
liquid detergents |or POTW (unknown
(draft RE partitioning)
estimatey'
Laundry detergen| Land (unknown 95,533 8.1E 113 3.8E 104 250 to 365 Medium ESD and Monte
(institutional)i landfill), incineration, Carlo Modeling
liquid detergents |or POTW (unknown
(updated partitioning)
estimatey'
Laundry detergen| Land (unknown 95,533 5. 36 ET 0/0.0018 250 to 365 Medium ESD and Monte
(institutional)i landfill), incineration, Carlo Modeling
powder detergent;or POTW (unknown
(draft RE partitioning)
estimate}'
Laundry detergen| Land (unknown 95,533 1.4E 108 1.8E 102 250 to 365 Medium ESD and Monte
(institutional)i landfill), incineration, Carlo Modeling
powder detergent;or POTW (unknown
(updated partitioning)
estimatey'
Laundry detergen| Land (unknown 2,453 4. 78ET 1|1. 46 ET 0/250to 365 Medium ESD and Monte
(industrial)1 landfill), incineration, Carlo Modeling
liquid detergents
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Range ofEstimated Daily

Estimated

Number of ReleasePer Site Release Overall Data
OES Type of Land Releasg Facilities with (kg/site-day) Frequency Quality Source$
Release$ Min Max Range Determination
(daysy

(draft RE or POTW (unknown
estimate}' partitioning)
Laundry detergen| Land (unknown 2,453 6.6E 113 1.4E 103 20 to 365 Medium ESD and Monte
(industrial)i landfill), incineration, Carlo Modeling
liquid detergents |or POTW (unknown
(updated partitioning)
estimatey'
Laundry detergen|Land (unknown 2,453 2. 92E71 1|3. 92ET 0/250to 365 Medium ESD and Monte
(industrial)i landfill), incineration, Carlo Modeling
powder detergent{or POTW (unknown
(draft RE partitioning)
estimate}'
Laundry detergen| Land (unknown 2,453 15111 3.8E 103 20 to 365 Medium ESD and Monte
(industrial)i landfill), incineration, Carlo Modeling
powder detergent{or POTW (unknown
(updated partitioning)
estimate}'
Paints and floor |Land (unknown 33,648 3. 04ET 0/0.010 250 Medium ESD
lacquer landfill) (annually) (annually)

Land (Land treatment 13 0 45.4 (annually) Medium TRI
Polyethylene = {(NonRCRA |13 0 0.10 (annually) Medium TRI
terephthalate Ian .( ' Y) 250

andfills)
(PET) byproduct

Land (all other types)| 13 0 0 Medium TRI

, Land (underground |8 0 197,714 Medium TRI

Ethoxylation injection) (annually) 250
process byprodu -

Land (all other types)|8 0 0 Medium TRI
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Range ofEstimated Daily

Estimated

Number of ReleasePer Site Release Overall Data
OES Type of Land Releasg Facilities with (kg/site-day) Frequency Quality Source$
Release$ Min Max Range Determination
(daysy
Surface water, 411 3.61ET 11459 1to 72 Medium ESDfand Monte
incineration, or landfil Carlo Modeling
(unknown
partitioning)
HydraL."'C Land (underground |411 5. 35ET1 0/|108 Medium ESD‘and Monte
fracturing(draft injection) Carlo Modeling
RE estimates
Recycle/Reuse (48%)411 1. 85ET1 1112 Medium ESD‘and Monte
underground injection Carlo Modeling
(43%), Surface water
(6%), or land (3%)
Surface water, 411 4. 3ET 10156 lto 72 Medium ESD‘and Monte
incineration, otandfill Carlo Modeling
(unknown
partitioning)
Land (underground |411 1. 2E71 08179 Medium ESDfand Monte
injection) Carlo Modeling
Recycle/Reuse (5%),|411 2. 8E109]|14 Medium ESDand Monte
Hydraulic underground injection Carlo Modeling
fracturing (70%), Surface water
(updated (19%), or land
estimatey' (evaporation ponds,
percolation ponds,
irrigation, road
treatment) (6%)
Surface water (13%),|411 4.9 111 0.64 Medium ESDfand Monte

Land (soil) (64%), anc
Landfill or
Incineration (23%)

Carlo Modeling
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Range ofEstimated Daily Estimated
Number of ReleasePer Site Release Overall Data
OES Type of Land Releasg Facilities with (kg/site-day) Frequency Quality Source$
Release$ Min Max Range Determination
(daysy

aSee AppendiE.1for explanation of how EPAetermined the number of sites for each OES.

®Where available, EPA used the December Zb2al Risk Evaluation for 1Dioxane(U.S. EPA, 2020x generic scenarios, and emission scenario docum
to provide a basis to estimate the number of release daysdibkahe within a COU.

¢ Narrative descriptions of all release estimate sources are providegendixE.4.2

4 The generic scenario used for this COU is the GS on Use of Laboratory ChémigalsPA, 2029i

¢ For this COU, EPA used process information, which is further descrildgapendixE.4.2

"The generic scenario used for this COU is the GS on Application of Spray Polyurethane Foam IifsuatieRA, 2018p

9 The emission scenario document used for this COU is the ESD on Textil¢@ye®, 2017.

" For this COU, EPAIsed various models and literature for model input parameters as descApgendixE.4.2

' The emission scenario document used for this COU is the ESD on Industrial and Institutional L&D&MR@s201 1)

I The emission scenario document used for this COU is the ESD on Coating Application via Spray Painting in the AutomathiadRiefilustry OECD,
20119.

KThe emission scenario document used for this COU is the Revised ESD on Hydraulic FrégtgriidPA, 2022

' EPA used the down the drain water release estimates from the S#HE®Dsdel for the Liverpool OH case study (Ssztion2.1.1.9 to estimate air and land
releases bpack calculating 1lioxane use rates and applying loss fractions for air and land relesirsg$iterature and standard models describéppendix
E.4.2

™ A single annual value was provided for all sites in the Liverpool, OH case study.

"For select OE§ updates to release estimates weeale via information provided by the SACC and public comments.
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E.4.4 Summary of Weight of Scientific Evidence Conclusion$n Land Release Estimates
Table ApxE-6pr ovi des a s weighiof sgientififevidereedodcdusionsn its land release estimates for each of the
Occupational Exposure Scenarios assessed. Detailed descriptions@ES8m@pecifistrengths, limitations, assumptions, and uncertainties
(e.g.,general limitations for TRI, DMR, etc.) are provided in Appertli&

Table Apx E-6. Summary of Weight of Scientific Evidence Conclusionsn Land Release Estimates by OES
OES Weight of Scientific Evidence Conclusion in Release Estimates

Manufacturing Land releases are assesagsiig reported releases from 2019 TRictors that increase the strength of evidence for th
OES are that the release data are directly relevant to the OES (as opposed to surrogatehabanidRliumoverall datg
quality determinatiopand consistency within the dataset (all reporters use the same or similar reporting fatmesjgih
of TRI data is thaTRI compiles the bestasonabhavailable release data for all reporting facilitiéactors that decreas
the strength of the evidence for tR&S include the low number of data points, lack of variability (dnjgarof data
used), uncertainty in the accuracy of reported releases, and the limitations in representativeness to all sites beca
may not capture all relevant sitégiditionaly, EPA could not estimate the number of release days per year associa
with land release®Based on this information, EPA has concluded thawvight of scientificevidenceor this assessmer
is moderate to robust and provides a plausbtanate of releases in consideration of the strengths and limitations of
reasonably available data.

Import and repackaging Land releases are assessed using reported releases from 20BQciéts that increase the strength of evidence for th
OES are that the release data are directly relevant to the OES (as opposed to surrogatehaban¥eRliumoverall datg
quality determinationand consistency within the dataset (all reporters use the same or similar reporting fames)gih
of TRI data is thalT Rl compiles the bestasonablhavailable release data for all reporting facilitiéactors that decreas
the strendt of the evidence for this OES include the low number of data points, lack of variabilityl (pesrof data
used), uncertainty in the accuracy of reported releases, and the limitations in representativeness to all sites beca
may not capture all relevant sites. Additionallye tand release assessment is based on one reportithgiigported no
land releases and EPA did not have additional sources to estimate land feleathes sites irthis OES Additionally,
EPA could not estimate theimber of release days per year associated with land relBases! on this information, EP/
has concluded that thveeight of scientificevidencefor this assessment is moderate to robust and provides a plausib
estimate of releases in consideration of the strengths and limitations of reasonably available data.

Industrial uses Land releases are assessed using reported releases from 20BE8cI®E that increase the strength of evidence for th
OES are that the release data are directly relevant to the OES (as opposed to surrogatehabanidgliumoverall dateg
quality determinationpand consistency within the dataset (all reporters use the same or similar reporting&stmesjgth
of TRI data is thalT Rl compiles the bestasonablavailable release data for all reporting facilitieactorghatdecrease
thestrengh of the evidence fahis OESinclude thdack of variability(only 1 yearof data used), uncertainty in the
accuracy ofeported releases uncertainty in EPAO6s use of Form A s
all sites becausgRI may not capture all relevant sit&omefacilities within this OESreportedo TRIusing a Form A,
which does not include any details on chemical release quantities. When a facility has submitted a Form A, there
to discern the quantity released. Therefore, where facilities reported wifFiRa Form A, EPA used the Form A thresh
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for total releases of 500 Ib/year for each release media; however, there is uncertainty in this because the actual 1
guantity is unknown. Furthermore, the threshold represents an upper limit on total releases from the facility; there
assessingeteases at the threshold value may overestimate actual releases from theAddiliynaly, EPA could not
estimate the number of release days per year associated with land r&aasd®n this information, EPA has conclud
that theweight of scietific evidencedor this assessment is moderate to robust and provides a plausible estimate of
in consideration of the strengths and limitations of reasonably available data.

Functional fluidgopen
system)

Land releases are assessed using reported releases from 20E8CI®E that increase the strength of evidence for th
OES are that the release data are directly relevant to the OES (as opposed to surrogatehabanldRliumoverall datg
quality determinationand consistency within the dataset (all reporters use the same or similar reporting&stmesjgth
of TRI data is thaTRI compiles the bestasonablhavailable release data for all reporting facilitiéactors that decreas
the strendt of the evidence for this OES include the low number of data plEoksofvariability (only 1 yearof data
used),uncertainty in the accuracy of reported releaaed the limitations in representativeness to all sites because T
may not capture all relevant sitdheland release assessment is based on two reportinghsitbsth reported no land
releases and EPA did not have additional sources to estimate land rileages inthis OES Additionally, EPA could
not estimate the number of redeadays per year associated with land rele&sesed on this information, EPA has
concluded that theveight of scientificevidencefor this assessment is moderate to robust and provides a plausible e
of releases igonsideration of the strengths and limitations of reasonably available data.

Functional fluids (closed
system)

No data was available to estimate releases for this OES. For the land release assessment, EPA grouped this OF
Industrial use©ES because the sources of release are expected to be similar lilebsedDESd-actors that increase t
strengthof evidence for this OES atkat TRIhasa medium overall data quality determination and consistency withir
dataset (all reporters use the same or similar reporting fof@stors that decrease the strength of evidence for this
are that the Industl Releases OES release data are use as surrogate for this OES, uncertainty in the accuracy o
releases, limitations in representativeness to all sites because TRI may not capture all relevant sites, and laciyof
(only 1 yearof data usedRefer to thdndustrial use©ES discussion for additional discussion. Based on this informg
EPA has concluded that theight of scientificevidencefor this assessment is slight and provides a plausible estimal
releases in considerationthie strengths and limitations of reasonably available data.

Laboratory chemicals

Land releases are assessed using the Draft GS on Use of Laboratory ChEattals that increase the strength of
evidence for this OES are that the release estimates are directly relevant to the OES (as opposed to surrogate),
on Use of Laboratory Chemicdigas ahigh overall data quality determinaticandthelow level of uncertainty in the datg
Factors that decrease the strength of the evidence for thisn@E&e the that the GS has not been peeirewed,
uncertainty in theepresentateness othe GS towardall sitesin this OES andalack of variability in the analysis.
Specifically, because the default values in the EB®generic, there is uncertainty in the representativeness of gene
estimates of actual releases from +waltld sites that use ldioxane Another uncertainty is lack of consideration for
release controls. The ESD assumes that all activities occur without any release dattralseleases may be less tha
estimated if facilities utilize pollution control methods, contributing to uncertédased on thisnformation, EPA has
concluded that theveight of scientificevidencefor this assessment is slight to moderate and provides a plausible es
of releases in consideration of the strengths and limitations of reasonably available data.
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Film cement

Land releases are assessed using process information fréimah&isk Evaluation for 14Dioxaneand EPA/OPPT
models Factors that increase the strength of evidence for this OES are that the release estimates are directly rele
OES (as opposed to surrogate), thelerlying data sources for the process information have a high overall data qua
determinationandthe low level of uncertainty in the datecause¢he process information comes directly from actual
users of 1,4ioxane in film cerant.Factors that decrease the strength of the evidence for this OES inchettainty in
the representativeness of evidence to all sitéisis OESand a lack of variabilityn the input parameters for the used
models Specifically, theprocess information for the production and use of film cement is based on information fror
use sites, one from Australia and two from the. B&ed on this information, EPA has concluded thawvikight of
scientificevidencédor this assessment is slightrtimderate and provides a plausible estimate of releases in consider
of the strengths and limitations of reasonably available data.

Spray foam application

Land releases are assessed using the GS on Application of Spray Polyurethahes@asion Factors that increase the
strength of evidence for this OES are that the release estimates are directly relevant to the OES (as opposed to §
the underlying data sources for the process informationdawvedium overall data quality determinatiand a low level
of uncertainty in the dat&actors that decrease the strength of the evidence for this OES inchet&inty in the
representativeness tife GSto all sitessince it is generic and not specific to sites that us@ibxaneand a lack of
variability. Based on this information, EPA has concluded thatviight of scientificevidenceor this assessment is
slight to moderate and provides a plausible estimate of releases in consideration of the strengths and limitations
reasonably available data.

Printing inks(3D)

No data was available to estimate releases for this OES. For the land release assessment, EPA grouped this OE
Industrial use®©ES becausthe sources of releasgeexpected to be similar betwettrese OESd-actors that increasbe
strength of evidence for this OES #hat TRI hasa medium overall data quality determination and consistency withir
dataset (all reporters use the same or similar reporting foRasors that decrease the strength of evidence for this
are that the Industrial Releases OES release data are use as surrogate for this OES, uncertainty in the accuracy
releases, limitations in representativeness to all sites because yRbt@pture all relevant sites or smaller commery
3D printing uses, and lack of variability (orlyyearof data used)Refer to thdndustrial use©ES discussion for
additional discussion. Based on this information, EPA has concluded thatitite of scientificevidencédor this

assessment is slight and provides a plausible estimate of releases in consideration of the strengths and limitatior]
reasonably available data.

Dry film lubricant

Land releases are assessed using process information fréimah&isk Evaluation for 14Dioxane Factors that increas
the strength of evidence for this OES are that the release estimates are directly relevant to the OES (as opposed
surrogate), that thenderlying data sources for the process information have a high overall data quality deternaindt
a low level of uncertainty in the dab@causéhe process information comes directly framactualuserof 1,4-dioxane in
dry film lubricants.Fectors that decrease the strength of the evidence for thisr@E8euncertainty inthe
representativeness of evidence to all stes alack of variability.Based on this information, EPA has concluded that
weight of scientificevidencefor this assessment is slight to moderate and provigksiaible estimate of releases in
consideration of the strengths and limitations of reasonably available data.
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Disposal

Land releases are assessed using repdisedargegrom 2013 2019 TRI Factorgthat increase the strength of evidenc
for this OES are that the release data are directly relevant to the OES (as opposed to surrogatehashatmeium
overall data quality determinatiphigh number of data points, and consistency within the dataset (all reporters use
same or similar reporting forms). AdditionalfPA included seven years of TRI data in the anglydiéch increases the
variability of the dataseA strength of TRI data is thaiRl compiles the bestasonablyavailable release data for all
reporting facilitiesFactors that decrease the strength of the evidence for this OES include uncertainty in the accu
reported releases, uncertainty in EPA6s use of For
because TRI may not capture r@levant sitesSomefacilities within this OESreportedto TRIusing a Form A, which
does not include any details on chemical releasetgies. When a facility has submitted a Form A, there is no way t
discern the quantity released. Therefore, where facilities reported to TRI with a Form A, EPA used the Form A th
for total releases of 500 Ib/year for each release media; howlesesis uncertainty in this because the actual release
quantity is unknown. Furthermore, the threshold represents an upper limit on total releases from the facility; therg
assessing releases at the threshold value may overestimate actual releasesfhoility. Based on this information, EFR
has concluded that thveeight of scientificevidencefor this assessment is moderate to robust and provides a plausib
estimate of releases in consideration of the strengths and limitations of reasonably available data.

Textile dye

Land releases are assessed using Monte Carlo modeling with information from the ESD on Textitadyethat
increase the strength of evidence for this OES are that the release estimates are directly relevant to the OES (as
surrogate), the ESD on Textile Dyleas anedium overall data quality determinatiand was peer reviewgthe high
number of data points (simulation runs), consistency within the dataset, and full distributions of input paraheeters.
Monte Carlo modeling accounts for tlstire distribution of input parameters, calculat@ndistribution of potential
release valuethatrepresents a larger proportion of sitiean a discrete valuEactors that decrease the strength of the
evidence for this OEficludeuncertaintiesand limitations in the representativeness of the estimates for sites that
specifically use 14lioxane becaudbe default values in the ESD are genehicother uncertainty is lack of considerati
for release controls. The ESD assumes that all activities occur without any release controls. Actual releases may
than estimated if facilities utilize pollutiazontrol methodscontributing to uncertaintydased on this information, EPA
has concluded that thveeight of scientificevidencefor this assessment is moderate and provides a plausible estimat
releases in consideration of the strengths and limitations of reasonably available data.

Antifreeze

Land releases are assessed using the OECD ESD on Chemical Additives used in Automotive Lubricants, the EP
Commercial Use of Automotive Detailing Products, and EPA/OPPT mdeidtors that increase the strength of evide
for this OES are that the ESD and MRD used have dwghall data quality determinatioasdconsistency within the
sources usedractors that decrease the strength of the evidence for this OES ithdtittee ESD and MRD are not
directly applicable to antifreeze uses (used awgate), uncertainty ithe representativenesstoe ESD and MRDo all
sitesand sites that specifically use d#bxane since these documents contain generic valndslack of variability.
Additionally, EPA scaled up consumer antifreeze use rate to a commercial use rate based on information in the E
MRD, which increases uncertaingased on this information, EPA has concluded thawvikight of scientificevidence
for this assessment is slight to moderate and provides a plausible estimate of releases in consideration of the str
limitations of reasonably avVable data.
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Surface cleaner

Land releases are assessed using SHED#&odeled water releases in conjunction with the Draft GS on Furnishing
Cleaning Factors that increase the strength of evidence for this OES includiedhateasestimatesre directly relevant
to the OES (as opposed to surroydteat the Draft GS used has a high overall data quality determination, and varia
in the model input parameters. Factors that decrease the strength of the evidence for this OES include uncertain
representativeness to alles because tHeHEDSHT estimate is based on one case study for Liverpool, OHberalse
the estimatés not sitespecific (the release estimate is a total for all sites in Liverpool, &ddlitionally, the Draft GS
describes potential release points for this OES, identifying releases that may be to either water or land dependin
practices €.g.,surface cleaner may be rinsed down drains or wiped off with rags that are disposed of as trash). Be
there is no information to determine the quanteleased specifically to land, EPA assumed that the entire quantity
modeled to water with the SHEBST model may also be released to lawtlich introduces uncertaintased on this
information, EPA has concluded that theight of scientificevidenceor this assessment is slight and provides a plau
estimate of releases in consideration of the strengths and limitations of reasonably available data.

Dish soap

Land releaseare assessed using Monte Carlo modeling wiftbrination froma public commenand standard EPA/OPP
models Factors that increase the strength of evidence for this OES are that theesiigaatesre directly relevant to th
OES (as opposed to surrogate), that the public commentHigls averall data quality determinatiQR&G, 2023, there
are a high number of data points (simulation runs), and full distributions of input parameteies. Carlo modeling
accounts for the entire distribution of input parameters, calculating a distribution of potential release values thdsr
a larger proportion of sites than a discrete valie major factor that decreases the strength of the eviflamités OES
include theuncertaintiesand limitations in the representativeness of the data from the public comment towards all s
use dish soaps containing ibxane Another uncertainty ithe lack of a GS or ESD describing this scemdPA used
standard EPA/OPPT models for each of the expected release points to build theBammtebn this information, EPA h
concluded that theveight of scientificevidencefor this assessment is moderate and provides a plausible estimate of
releases in consideration of the strengths and limitations of reas@valible data.

Dishwasher detergent

EPA used the same approach to estimate land releases for this OEBiak 8wOES. Therefore, the same rationale
and overall weight of scientific evidence apply to this OES.

Laundry detergent

Land releases are assessed using Monte Carlo modeling with information from the ESD on Industrial and Institut
Laundries Factors that increase the strength of evidence for this OES are that the release estimates are directly r
the OES (as opposed to surrogate), that the ESD on Industrial and Institutional Lehesleesedium overall data
quality determinatiomnd was peer reviewetthere arehigh number of data points (simulation runs), consistency with
the dataset, and full distributie of input parameter$he Monte Carlo modeling accounts for teetire distribution of
input parameters, calculatirgdistribution of potential release valubatrepresents a larger proportion of sitiean a
discrete valueAdditionally, EPA was able to separately estimate releases for industrial and institutional laundry se
Factors that decrease the strength of the evidence for thisnOlE&euncertaintiegind limitations in the
representativeness of the estimates for sites that specifisally,4dioxane becaugke default values in the ESD are
generic Another uncertainty ikack of consideration for release controls. B&D assumes that all activities occur with
any release controls. Actual releases may be less than estimated if facilities utilize pollution control methods. Bag
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information, EPA has concluded that theight of scientificevidencefor this assessment is moderate and provides a
plausible estimate of releases in consideration of the strengths and limitations of reasonably available data.

Paint and floor lacquer

Land releases are assessed using OECD ESD on Coating Application vid&iptayg in the Automotive Refinishing
Industry. Factors that increase the strength of evidence for this OES are that theasiisastesre directly relevant to
the OES (as opposed to surrogatie¢ ESDhas a mediuraverall data quality determinati@nd has been peer reviewe
consistency within theources used, and a low amount of uncertairfi@stors that decrease the strength of the evide
for this OESinclude a lack of variability and uncertaintythme representativenesstbgé ESDto all sitesand sites that
specifically use 14lioxane since the ESD is geneBased on this information, EPA has concluded thatveight of
scientificevidencéor this assessment is slight to moderate and provides a plausible estimate of releases in consi
of the strengths and limitations of reasonably available data.

PET byproduct

Land releases are assessed using repdisedargesrom 2019 TRI Factors that increase the strength of evidence for
OES are that the release data are directly relevant to the OES (as opposed to surrogatehaban¥eRliumoverall datg
quality determinationand consistency within the dataset (all reporters use the same or similar reportingsmesjgth
of TRI data is thaTRI compiles the bestasonablhavailable release data for all reporting facilitiéactors that decreas
the stregth of the evidence for this OES include uncertainty in the accuracy of repelgadesack of variability (only 1
yearof data used)and the limitations in representativeness to all sites because TRI may not capture all relevahesi
land release assessment is basetlBoeporting sites]11 of which reported no land releases. EPA did not have additic
sources to estimate land releaB®ssite in this OES that may not report to TBased on this information, EPA has
concluded that theveight of scientificevidencefor this assessment is moderate to robust and provides a plausible e
of releases in consideration of the strengths and limitations of reasonably available data.

Ethoxylation process
byproduct

Land releases are assessed using repdisedargesrom 2019 TRI Factors that increase the strength of evidence for
OES are that the release data are directly relevant to the OES (as opposed to surrogatehabanidrliumoverall datg
quality determinationand consistency within the dataset (all reporters use the same or similar reporting&tmes)gth
of TRI data is thalT Rl compiles the bestasonabhavailable release data for all reporting facilitiéactors that decreas
the strength of the evidence for this OES include uncertainty in the accuracy of repledsdslack ofvariability (only 1
yearof data used)ynd the limitations in representativeness to all sites because TRI may not capture allsidées/ahe
land release assessment is basegigintreporting sitessevenof which reported no land releases. EPA did not have
additional sources to estimate land reledsesite in this OES that may not report to TR&sed on this information, EP
has concluded that thveeight of scientificevidencefor this assessment is moderate to robust and provides a plausib
estimate of releases in consideration of the strengths and limitations of reasonably available data.

Hydraulic fracturing

Land releases are assessed using Monte Carlo modeling with information fleevibedESD on Hydraulic Fracturing
and FracFocus 3.Factors that increase the strength of evidence for this OES are that the release estimates are ¢
relevant to the OES (as opposed to surrogate), th&eatisedESD on Hydraulic Fracturing and FracFocustiafe
medium overall data quality determinatiptigat the Revised ESD has undergone peer review by OECbBigth@umber
of data points (simulation runs), consigtg within the dataset, and full distributions of input parametérs.Monte Carld
modeling accounts for thentire distribution of input parameters, calculatindistribution of potential release valubat
represents a larger proportion of sitiean a discrete valuEactors that decrease the strength of the evidence for this
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includetheuncertainties and limitations in the representativeness of the estimates for sites that specificaligiagari
because thdefault values from thRevisedESD on Hydraulic FracturingAnother uncertainty is lack of consideration 1
release controls. The ESD assumes that all activities occur without any release controls. Actual releases may be
estimated if facilities utilize pollution control method®ntributing to uncertaintased on this information, EPA has
concluded thathe weight of scientificevidencefor this assessment is moderate to robust and provides a plausible e
of releases in consideration of the strengths and limitations of reasonably available data.

Page2900f 570



E.5 Air Release Assessment

Thissecti on descri bes EPA daiyfugitivie bnd stack ao gnyssidionm e st i n
industrial and commercial facilities manufacturing, processing, or dséhdioxane Facilities report air
emissions to th&RI. EPA used 2019 TRIU.S. EPA, 2022nhdata to estimate dailgir emissiongor

eachOES where availabléiowever, EPA did not have these data for every OES. For OES without TRI
data, EPA used alternate assessment approaches to estimate air emissions. These approaches are
described below.

E.5.1 Assessment Using TRI
EPA found 2019 TRI data for facilities within the following GES

Manufacturing

Import and repackaging
Industrial uses

Functional fluids (opesystem)
Disposaj

PET byproductand
Ethoxylation byproduct

= =2 =4 -8 -8 -9 _-9

The 2019 TRI data wematedmediumnEPA6s systemati c review proces
emissions using TRI data furese OESswith the following general steps as described in the rest of this
section.

1. Collect air emission data from 2019 TRI data,

2. Map air emission data tmccupational exposure scenarios,

3. Estimate the number of facility operating days per year, and

4. Estimate daily air emissions and prepare a summary of the air emissions for each OES.

Note that EPA compared the TRI data used to estimateleases for the PET byproduct OES in this
risk evaluation to information from a life cycle analysis on the PET manufacturing process in Appendix
E.6.

Step 1:CollectAir Emission Data TRI

The first step in the methodology for estimating air emissions was to obtain 2019 TRI data for the
chemical from EPAGOG 3IRIRguises 4d.S. Ratilities in @aaousandustryIsexters to
report the annual release volumes togheironment through air emissions, water discharges, and land,
and/or managed through recycling, energy recovery, and treatment, includingsiig afinsfers. TRI
reporters may report either with a Form R or a Forrakilities must report with a Form R, which
requires reporting of release quantities and usesised of the chemical, among other information,
unless they meet the alternate threshold requirements for submitting a Form A. Spechiciéitigsf

may submit a Form A if theolumeof chemcal manufactured, processed, or otherwise used does not
exceed 1,000,00@ per year lp/yea) and the total annual reportable releases do not excedd/$€8.
Facilities do not need to report release quantities or useséason Form AEPA included both TRI
reporting Form R and TRI reporting Form A submissions iratheslease assessment

Air emissions in TRI are reported separately for stack air and fugitive air and always osteratrthe
facility. Where sites reported to 2019 TRI with FormERA used the Form A threshold for total
releases of 50/year. EPA used the entire Siyear for both the fugitive and stack air release
estimates; however, since this threshold is for total site releases, thdbf/&a0areattributedeither to

Page2910f 570


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10480474

fugitive air or stack air for this analysisnot both {o avoiddouble courihg the releases and excéegl
the total release threshold for Form A

Step 2:Map Air Emission Data to Occupational Exposure Scenarios
In the next step ddir release assessment EP A mapped t he c¢henmiddiaxanes 20
OES EPA used the following procedure to map 2019 TRI data to OES:

1. Compile TRI uses/sulses:EPA first compiled all the reported TRI uses/aiges for each
facility into one column.

2. Map TRI uses/subses to Chemical Data Reporting (CDR) IFC cod&3A then mapped the
TRI uses/sutuses for each facility to one or more 2016 CDR Industrial Function Category (IFC)
codes using the TRb-CDR Use Mapping crosswalk (sAppendixE.9).

3. Map OES to CDR IFC codeEPA then mapped each COU/OES combination to a 2016 CDR
IFC code and description. The basis for this mapping was generally the COU category and
subcategory

4. Map TRI facilities to an OESJsing the CDR IFC codes from Step 2 and the GCIMR
Mapping from Step 3, EPA mapped each TRI fac
determination is generally described below.

o In some cases, the facility mapped to only one OES and the mapping appeared to be
correct given the facility name and NAICS code. For these, the OES as mapped from
Steps 2 and 3 was used without adjustment.

o There were instances wheréaaility mapped to multiple OESwhich required some
engineering judgement to identifyjpamary OESEPA documented the rationale for
these determinations for each facilitylig-Dioxane Supplemental Information Eile
Environmental Releases for (U.S. EPA, 2024k In summary, these determinations
were made with the following considerations:

1 Industry and NAICS codeagported in TRI€.g.,for a facility that reported TRI
uses for both waste treatment and ancillary use, EPA assigned the Disposal OES
if the NAICS code wa862211 Hazardous Waste Treatment and Disppsal

1 Internet research of the types of produntmufacturedt the facility(e.g.,if a
facilityds website indicates the facil
produce 1,4ioxane as a byproduct in PET manufacturiagy

1 Grouping ofsimilar OES €.g, for facilities that reported the sutse ofchemical
processing aid, process solvent, or processing as a reactant), EPA assigned the
Industrial use©ES because this includes multiple processes as described in the
2020 RE(U.S. EPA, 2020).

o In some cases, EPdentifiedthatthere were instances where the prelimimags
mapping from the TRI use/suisei CDR IFC codeaequired remapping Thisre-
mapping is a result of limitations of the FRFCDR Use Mapping crosswalk. For
example, the crosswalk maps the TRl uselsutbe of @A Ot her wi se Use
Aid (Other)o to onl y -syder fuhciofal fluids) and UORBO 1 3 (
(plating @ents and surface treating agents); however, this TRI usessuimay
encompass multiple otherassthat are not captured in these CDR IFC codes. In these
cases, EPA reviewed the reported NAICS codescanducted interngesearclon the
types of products manufacturedla¢ facility to determine the likely OES.

o Additionally, EPA reviewed 2016 CDRJ.S. EPA, 2016)for sites that reported
manufacturingincludingimporting) of1,4-dioxane If the sites that reported to 2016
CDR also reported in 2019 TRI, EPA assigned the OES according to 2016\ORR.
that some sites that reported to 2019 TRI may not be in 2016 €DFEsites that
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manufacture the chemical abyproducj. In these cases, EPA determined the OES using
only the above bulleted steps.
5. For m Fé&r&am A submissions, there were no reported TRI uses&et To determine the
COU for these facilities, EPA used 2016 CDR as described above, the NAICS codes, and
internet searches to determine the type of products and operations at the facility.

The specific rationale for the OES mapping for each facility is describked-Dioxane Supplemental
InformationFile: Environmental Releases £ar (U.S. EPA, 2024k

Step 3: Estimate the Number of Facility Operating Days per Year

EPA thenestimated the number of operating days (desgs) for each facility reporting air emissions to
TRI. For the OES that were includedtheFinal Risk Evaluation for 14Dioxane(U.S. EPA, 2020);

EPA used the number of operating days from that risk evaluation. For the additional OES included in
this supplemental risk evaluation, ERétimated the number of operating days using the methodology
described in Appendik.2

Step 4: Estimate Daily Air Emissions and Summarize Air Emissions for each OES

The final step was to prepare a summary of the fugitive and stack releases. For eaciul Giegity

mapped to that OEEPA summarizethe annual fugitive and stackir emissions reported in 2019 TRI
and daily fugitive and stack air emissions that EPA estimated by dividing the annual emissions by the
number of operating days determined for the OES in StEPA&alsosummarized site formation,

including site identity, city, state, zip code, TRI facility ID, aratifity Registry Service (FRS) ID
becausehe subsequentxposure modeling is site and location specifatitude and longitude
coordinatesre included irl,4-Dioxane SupplementéhformationFile: Environmental Releases £or

(U.S. EPA, 2024kbut not in the summary tables.

To accompany the summary table for each OES, EPA also provided any reasonably available
information on the release duration and pattern, which are needed for the exposure modeling. Release
duration is the expected amount of time per day during whichthelaases may occur. Release pattern

is the temporal variation of the air release, such as over consecutive days throughout the year, over
cycles that occur intermittently throughout the year, or in a puff/instantaneous release that occurs over a
short duation. The TRI dataset does not include release pattern or duthgoefore EPA used

information from models or literaturevhere available~or release pattern, EPA provided the number of
release days with the associated basis as described in Step 3. However, @E& ost information

was found on release duration and pattersuch caseg&PA listedthe release duration and pattesh
flunknown o

EPAG6s summary of air r el g4alorase Supplemepté@forimaticddBEIS | s i
Environmental Releases #or (U.S. EPA, 2024k

E.5.2 Assessment for OESWithout TRI
EPA did notfind 2019 TRI data for the following OESs:

Functional fluids (closedystems)
Laboratory chemicajs

Film cement

Spray polyurethane fogm

3D printing

Dry film lubricant

Textile dye

= =4 -8 -8 _-4_9_-°

Page2930f 570


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11778990
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7697036
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11778990
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11778990

Antifreeze

Surface cleaner

Dish soap

Dishwasher detergent
Laundry detergent

Paints and floor lacqueand
Hydraulic fracturing

E R I R

For these OES EPA estimated air emissions by using various modeling appes, including the use
of surrogate TRI data and data from |iterature,
each of these OESs described below.

Functional Fluids (ClosedSystems)

Air emissiondata were not available for this OB8d EPA did not find any information to model air
emissions for this OES using literature, GSs, or EEP# expects that the sources of release for this
OES to be similar to those for thedustrial use©ES, based on the process information inRinal

Risk Evaluation for 1 Dioxane(U.S. EPA, 2020c Therefore, EPA grouped tlag release assessment
for Functional Fluids (Close8ystems) intahe OESor Industrial usesHowever, there is uncertainty
in theassumption of similar release sources betwkese OESs

Laboratory Chemicals

EPA estimated air emissions for facilities within theboratory chemical®ES using the DraftS on
Use of Laboratory Chemicafs).S. EPA, 20291 The DraftGS on Use of Laboratory Chemicalas
ratedhighduringc PA6s systematic review process.

The GS indicates that there are eight release points:

Release to air from transferring volatile chemicals from transport containers

Release to air, water, incineration, or landfill from transferring solid powders

Release to water, incineration, or land from cleaning or disposal of transport containers
Release to air from cleaning containers used for volatile chemicals

Labware equipment cleaning residuals released to watareration, or landfill

Release to air during labware equipment cleaning for volatile chemicals

Release to air from laboratory analyses for volatile chemicals

Release to water, incineration, or landfill from laboratory waste disposal

ONoOGOAWNE

Based on the GS, release points #1, 2, 4, 6, and 7 have the potential for air emissions; however, release
point #2 is not applicable because-tlidxane is not a solid powder. To estimate the remaining air

releases, EPA used the equations specified iDta GS(U.S. EPA, 20291 EPA did not find any data
specific to 1,4dioxane in this OES. Therefore, the calculation of releases using this GS are for a
Afgeneric site, o0 using the default iinput par amet

Using this methodol ogy, EPAcasadaoc udiart eedmitshsei ointsy p
These characterizations are based onctabBeoGsEnpwh
parameters for the r el ensobagentdsaidngforkhis OESpimclsiding &P A0 s
calculation inputs, can be foundi-Dioxane SupplementatformationFile: Environmental Releases

to Air (U.S. EPA, 2024k
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Film Cement

EPA estimated air emissions for facilities within #ikn cementOES using process information from
theFinal Risk Evaluation for 14Dioxane(U.S. EPA, 2020x The underlying process information for

this assessmentwasratighd ur i ng EPAG6s systematic review pro

The process of using film cement involves applying the cement onto edges of photographic films by
hand using a small brush, then joining the pieces of film by pressing and heating to dry the cement.
Based on this process information, E®#sumes that the tgdoxane within film cement is volatilized

to air during thedrying process and that tdioxaneresidualwithin empty film cemenbottles mayalso
bevolatilized to air EPA estimated these air releases for this OES as a range, using a film cement use
rate of 2.5 to 12 /siteyearand a concentration of tdloxane in the film cement of 45 to 50 percent,

from the process information in tfénal Risk Evaluation for 1Dioxane(U.S. EPA, 2020c These
releases may be to fugitive airsiack air depending on sigpecific engineering coris.

EPAG6s calculation of air emissions for this OES
found in1,4-Dioxane Supplement&hformationFile: Environmental Releases for (U.S. EPA,
2024R).

Spray Polyurethane Foam

EPA estimated air emissions for facilities within the spray polyurethane foam OES using the GS on
Application of Spray Polyurethane Foam InsulatfonS. EPA, 2020c The GS on the Application of

Spray Polyurethane Foam Insulation was ratediumd ur i ng EPAG6s systematic

The GS indicates that there are six release points:

1. Releases to fugitive air for volatile chemicals during unloading of raw materials from transport
containers

2. Releases to water, incineration, or landfill from cleaning or disposal of transport containers

3. Releases to fugitive air for volatile chemicals during transport container cleaning

4. Releases to incineration or landfill from spray polyurethane foam application equipment
cleaning

5. Releases to fugitive air for volatile chemicals during equipment cleaning

6. Releases to landfill of scrap foam from trimming applied foam

Based on the GS, release points #1, 3, and 5 have the potential for air emissions. To estimate these
releases, EPA used the equations specified in th@JGS EPA, 2020c Apart from weight fraction in

spray polyurethan foam, EPA did not find any data specific taib)ane in this OES. Therefore, the
calcul ation of releases ,ususigng htise GiSe faawel tf oirn m
from the GS. Specifically, EPA used the input parameter values thapresentedn the original risk

evaluation for estimates of occupational exposure; see Appendix Glahtdidrisk Evaluation for 14
Dioxane(U.S. EPA, 2020c

Using this methodol ogy, E P Ac acsad ¢c ud iart eedmit shsei oint sy p
These characterizations are based onctabBeoG&Enpwh
parameters for the release calculatidh® A6 s cal cul ati on of air emi ssi
calculation inputs and assumptions, can be fourigdbioxane SupplementatformationFile:

Environmental Releases far (U.S. EPA, 2024k
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3D Printing

Air emission data were not available for this OES and EPA did not find any information to model air
emissions for this OES using literature, G&ESDs. EPA expects that industaglplications of this

OES to be accounted for in thedustrial useFRI data. Per the December 2020al Risk Evaluation

for 1,4Dioxane(U.S. EPA, 2020y 3D printing ink containing 1;dioxane is used in research labs to
print biomedical products. Because the 2019 TRI data fdnthestrial use©ES include medicinal and
pharmaceutical manufacturing NAICS codes, medical research labs that conduct 3D printing-with 1,4
dioxane inks may be captured in that OES. Therefore, EPA grouped the air release asses3ment for
Printinginto that forindustrial usesHowever, there is uncertainty in whether 3D printing sites are truly
captured in théndustrial use3JRI data.

Dry Film Lubricant

EPA estimated air emissions for facilities within ey film lubricantOES using process information

from theFinal Risk Evaluation for 14Dioxane(U.S. EPA, 2020x The underlying process information

for this assessmentwasrateghd ur i ng EPAOGs systematic review pr

The process for the production and use of dry film lubricant is described2020eREand is based on
information provided to EPA by the one known user. In summary, the process entails producing the
concentrated dry film lubricant by mixing i¢doxane with other additives, followed by the dilution of

the concentrated dry film lubricant tiadditional 1,4dioxane and finally the use of the dry film

lubricant. The use involves spray application onto substrates in a vented paint booth and the subsequent
curing in a vented oven and cleaning of the dried parts in-didxne batifU.S. EPA, 2020 Based

on this process description, EPA assumes that 100 percent of #iexiade in the applied dry film

lubricant is released to stack air from the paint booth and the oven. EPA estimated this release quantity
using batch parameters from the processrif@son, including 5 percent 1sdioxane in the dry film

lubricant, 48 dry film lubricant applications per year,-pibts of concentrated dry film lubricant, and
1.5-pints of pure 1,4ioxane per applicatiof.S. EPA, 2020c

EPAG6s calculation of air emissions for this OES
found in1,4-Dioxane Supplementé&hformationFile: Environmental Releases £ar (U.S. EPA,
2024RK).

Textile Dye

EPA used the OECD ESD on Textile DyYe¥CD, 2017 to estimate water and land releases for this

OES; however, this ESD does not include approaches for estimating air réiaSekd not find any

other GS/ESD, literature sources, or process information to model air releases for this OES. In addition,
EPA does not expect this OES to be sufficiently similar to other OES such that surrogate TRI data can
be used to estimate air &sions for this OESTherefore, EPA was not able to estimate air releases for
these OESs

Antifreeze

EPA did not find any directly applicable GS/ESD or literature sources for this OES; however, EPA
evaluated the potential for releases using the OECD ESD on Chemical Additives used in Automotive
Lubricants(OECD, 2020 and the EPA MRD on Commercidke of Automotive Detailing Products

(U.S. EPA, 2022 The ESD and MRD were both rateghd ur i ng EPAG&s systemat.

For the use of antifreeze, EPA expects releases may occur from volatilizationslwixdde during
unloading/pouring antifreeze into vehicles, disposal or cleaning of empty antifreeze containers, and
disposal ospent antifreeze. Both the ESD and MRD indicate that containers of automotive maintenance
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fluids are typically small and are not rinsed, but rather disposed of as solidWwastePA, 2022

OECD, 2020. Additionally, the ESD on Chemical Additives used in Automotive Lubricants indicates
that spent lubricants are disposed of via incineration, which EPA expects is similarly done for spent
antifreezg OECD, 2020). Therefore, EPA expects the main source of air emissions to be from
volatilizations ofl,4-dioxane during unloading/ pouring antifreeze into vehid#%A estimated this
release using thEPA/OAQPS AP42 Loading Modelnd batch parameters from the ESD, MRD, and
other sources.

Specifically, EPA used theoasumer use rate of antifregel5 kg antifreeze/joldffom theFinal Risk
Evaluation for 1,4Dioxane(U.S. EPA, 2020rand scaled this valug to a commercial use rate based

on a range of the number of cars serviced at auto shops from th€ibldérarField Brake Model and
Automotive Detailing MRI(1 to 9 jobs/day)EPA used a range of concentrations ofdigkane in
antifreeze from the process descriptioAppendixF.4.2andassumed antifreeze container sizes

ranging from 16 ounces to 5 gallons per the default container sizes in the MRD and ESD, respectively
(U.S. EPA, 2022/0ECD, 2020. Using these batch parameters and the default parameters for the
EPA/OAQPS AP42 Loading ModelEPA estimated lovend and higkend air emissions. EPA expects
these air emissions to be to fugitive air based on the use settingtdoors, maintenance garages).

EPAG6s calculation of air emissions for this OES
found in1,4-Dioxane Supplement&hformationFile: Environmental Releases for (U.S. EPA,
2024RK).

Surface Cleaner

EPA did not find any directly applicable GS/ESD or literature sources for this OES; however, EPA
estimated air releases using the SHEOsmodeling conducted for the one case study location

(Liverpool OH) and th@ssumptions described herein. EPA expects that the main release points from the
use of surface cleaners are from

1. Disposal of empty containers containing residual cleaning solution,
2. Application of the cleaning solution, and
3. Disposal of cleaning solution by rinsing or wiping.

Because EPA did not find any directly applicable GSs or ESDs, EPA used the Draft GS on Furnishing
Cleaning(U.S. EPA, 2022¢to inform these releases due to the similarities in surface cleaning and
furnishing cleaningThe Draft GS on Furnishing Cleaningas ratechighd ur i ng EPAG6s syst
review processPer this Draft GS, empty containers may be rinsed out in sinks or disposed of without
rinsing, such that releases may be to wastewater or landfill; the GS ug#%@PPT Small Container
Residual Modeto estimate this release. Application losses are to fugitive air from spray application; the
GS uses literature data to estimate this release. Once applied, the cleaner may be rinsed off or wiped off
with rags or towks, such that releases may be to wastewater or landfill; the GS assumes 100 percent
release scenario, estimating this release by subtracting the upstream losses from the cleaner use rate
(U.S. EPA, 2022n

The SHEDsHT modeling estimated wastewater discharges @f G21,4-dioxane per day for

commercial uses of surface cleaners containinglibdane in Liverpool OH. EPA used this quantity

and the above release information and models from the Draft GS on Furnishing Cleaning to back
calculate a 14lioxane use rate.HA then applied the loss fraction to fugitive air from release point #2

to estimate air releases for this OES. EPAG6Gs ca
calculation inputs andssumptions, can be foundlit-Dioxane SupplementéiformationFile:

Environmental Releases #or (U.S. EPA, 2024k
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Dish Soap

EPA estimated air emissions for facilities within thish soagOES using data from a public comment
EPA/OPPT modelsand Monte Carlanodeling The public comment was ratedghd ur i ng EPAG& s
systematic review proce§8&G, 2023. The use of Monte Carlo modeling allows for variation of
calculation input parameters such that a distribution of environmental releases can be calculated, from
which EPA can estimate the 50th and&ercentile releases. An explanation of this modeling approach
isincluded in AppendiE.14

Dishwasher Detergent

EPA estimated air emissions for facilities within ishwasher deterge@ES using data from a public
comment EPA/OPPT modelsand Monte Carlanodeling The public comment was ratbayh during

EPAGOs syst emat((P&S, 208 VIheause offviordecCarto snodeling allows for variation

of calculation input parameters such that a distribution of environmental releases can be calculated, from
which EPA can estimate the 50th and9&ercentile releases. An explanation of this modeling approach
isincluded in AppendiE.14

Laundry Detergent

EPA estimated air emissions for facilities within treundry deterger®ES using the OECD ESD on
Industrial and Institutional Laundrié®ECD, 2011pand Monte Carlo modeling. The ESD on

Industrial and Institutional Laundries was rateddiumd ur i ng EPAOGS systematic
use of Monte Carlo modeling allows for variation of calculation input parameters such that a distribution
of environmental releases can be calculated, from which EPA can estimatéithecb0%h percentile
releases. An explanation of this modeling approach is includédpendixE.11.16

Paints and Floor Lacquer

EPA estimated air emissions for facilities within #&ints and floor lacquelOES using the OECD

ESD on Coating Application via Spraainting in the Automotive Refinishing Indus{@ECD,

20119. The ESD was ratesiediumd ur i ng EPAGO6s systematic review p

As described in the process descripilmAppendixF.4.7, 1,4dioxanewas identified by a public
comment as present in automotive refinishing products, thereby allowing EPA to identify the above
ESD as the most applicalBS/ESD available. This ESD indicates that releases are expected from

1. Releases to incineration or landfill frorortainer cleaning/disposal,

2. Releases to incineration or landfill froaguipment cleaning,

3. Releases to incineration or landfill from over sprayed coating that is captured by emission
controls,and

4. Releases to stack air froaver sprayed coating that istrcapturedoy emission controls.

Based on the GS, release poidtivés the potential for air emissions. To estimats teleaseEPA used

the equations specified in tlESD (OECD, 2011n Apart from weight fraction icoatings(see

AppendixF.4.7), EPA did not find any data specific to ddbxane in this OES. Therefore, the

calcul ation of rel eases ,uwsngthgdefault inmut p&&netarvaduest or  a
from theESD.

Using this methodology, EPA calculated tbe-endandhigh-endair emissions for this OESvhich are
expected to be to stack air per the H&IECD, 2011x The low and highend estimates are based on
thelowandhighe nd cal cul ati on i nput parameter default:
emissions for this OES, including all calculation inputs and assumptions, can be fa#®ioxane
SupplementanformationFile: Environmental Releases £ar (U.S. EPA, 2024k
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Hydraulic Fracturing

EPA estimated air emissions for facilities within tigdraulic fracturingOES using the Draft OECD

ESD on Hydraulic Fracturinfl).S. EPA, 2022eand Monte Carlo modelind-he RevisedESDon

Hydraulic Fracturing was ratddghd ur i ng EPAG6s systematic review p
modeling allows for variation of calculation input parameters such that a distribution of environmental
releases can be calculated, from which EPA can estimatetthari&D93%h percentile releases. An

explanation of this modeling approach is includedppendixO.

E.5.3 Air Release Estimates Summary
A summary ofindustrial and commercial air releagedimated using the above metha&lpresentedhi
Table_ApxE-7 below. Specifically, this table presents the range of daily air releases per site for each
OES.
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Table Apx E-7. Summary of Daily Industrial and Commercial Air Release Estimates for 1,Dioxane

Range ofEstimated Daily Estimated
Number of ReleasePer Site Release Overall Data
OES Type of Air Releasg Facilities with (kg/site-day) Frequency Quality Source$
Release% Min Max Range Determination
(daysy
. Fugitive Air 1 2.62 Medium TRI
Manufacturin 250
g Stack Air 1 0.0018 Medium TRI
Import and Fugitive Air 1 0 250 Medium TRI
repackaging Stack Air 1 0.091 Medium TRI
. Fugitive Air 12 0 0.91 Medium TRI
Industrial uses _ 250 _
Stack Air 12 0 8.14 Medium TRI
Functional fluids |Fugitive Air 2 0 0.009 247 Medium TRI
(opensystem) Stack Air 2 0.19 1.38 Medium TRI
Functional fluids |All Assessed as a partlofustrial use©ES N/A N/A
(closedsystem)
Laboratory Fugitive Air or Stack 132 0.11 (typical)|0.41 (worst 250 High GS
chemical Air (Unknown) case)
Film cement Fugitive Air or Stach 211 0.0046 0.025 250 High Process
Air (Unknown) informatiorf
Fugitive Air 1,553,559 0.0024 0.012(worst Medium GS
Spray foam (typical) case) 3
application Stack Air 1,553,559 0 (all air releases assessed t Medium GS
fugitive)
Printing inks(3D) |Fugitive Air, Stack Assessed as a partlofiustrial use©ES N/A N/A
Air, and Land (all 250
types)
Fugitive Air 8 0 (no fugitive releases per High Process
_ ) process information) informatiorf
Dry film lubricant , , , 48 ;
Stack Air 8 0.75 (single value estimated High Process
from process information) informatiorf
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Range ofEstimated Daily

Estimated

Number of ReleasePer Site Release Overall Data
OES Type of Air Releasg Facilities with (kg/site-day) Frequency Quality Source$
Release$ Mi M Range Determination
. Fugitive Air 15 0 0.91 Medium TRI
Disposal , 250 ,
Stack Air 15 0 0.91 Medium TRI
Textile dye Fugitive Air and Not assessed N/A N/A N/A
Stack Air
Antifreeze Fugitive Air and 84,383 7. 26 ET1/|1.80H07 250 High Process
Stack Air informatiorf and
Modelind’
Surface cleaner | Fugitive Air Unknown 0.0071 0.013 (worst 250 High SHEDSHT,
(typical; daily| case; daily Process
release valug release value informatiorf
for all sites | for all sites Modeling'
combined in |combined in
Liverpool Liverpool, OH,
OH, case case study)
study)
Dish soap(draft RE| Fugitive air and Not assessed 250 N/A N/A
estimate}p" stack air
Fugitive air 773,851 8.8E 112 3.%E 107 High (P&G, 2023
and Monte Carlc
Dish soafupdated 350 Modeling
estimate}” POTW or fugitive |773,851 8.4E 108 1.5 03 High (P&G, 2023
air (unknown and Monte Carlc
partitioning) Modeling'
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Range ofEstimated Daily

Estimated

Number of ReleasePer Site Release Overall Data
OES Type of Air Releasg Facilities with (kg/site-day) Frequency Quality Source$
Release$ Min Max Range Determination
(daysy
Dishwasher Fugitive air and Not assessed N/A N/A
detergen{draft RE | stack air 250
estimate}”
Fugitive air 773,851 1.3 110 9.3E 108 High (P&G, 2023
and Monte Carl(
Dishwasher Modeling'
detergenfupdated — 350 .
estimate}” POTW or fugitive 773,851 1.2E 106 3.7E 104 High (P&G, 2023
air (unknown and Monte Carlc
partitioning) Modeling'
Fugitive air 95,533 1. 83 ET|6.52807 Medium ESD and Monte
Carlo Modeling
Fugitive air, stack [95,533 1. 51ET|0.00714 Medium ESD and Monte
Laundry detergent|air, or POTW Carlo Modeling
(institutional)i (unknown
liquid detergents | partitioning) 250 to 365
(draft RE _
estimate}” Land (unknown 95,533 4. O5ET1T|3. 95ET ( Medium ESD and Monte
landfill), Carlo Modeling
incineration, or
POTW (unknown
partitioning)
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Range ofEstimated Daily

Estimated

Number of ReleasePer Site Release Overall Data
OES Type of Air Releasg Facilities with (kg/site-day) Frequency Quality Source$
Release$ Mi M Range Determination
Fugitive air 95,533 9.1E 110 2.5E 105 Medium ESD and Monte
Carlo Modeling
Fugitive air, stack [95,533 3.0E13 6.6E 102 Medium ESD and Monte
Laundry detergent|air, or POTW CarloModelingd'
(institutional)T (unknown
liquid detergents |partitioning) 250 to 365
(updated Land (unknown  |95,533 8.1F 113 3.8E 04 Medium ESD and Monte
estimate}" landfill), Carlo Modeling
incineration, or
POTW (unknown
partitioning)
Fugitive air 95,533 3.42E1|2. 77E10 Medium ESD and Monte
Carlo Modeling
Stack air 95,533 1. 40E71|3. 75E10 Medium ESD and Monte
Carlo Modeling
Laundry detergent| pygjtive air, stack |95,533 3.05ET7|2. 10ETO Medium ESD and Monte
(institutional)i air, or POTW Carlo Modelin§
powder detergents| (ynknown 250 to 365
(draft RE partitioning)
estimate}" _
Land (unknown 95,533 5. 36 E1(0.0018 Medium ESD and Monte
landfill), Carlo Modeling
incineration, or
POTW (unknown
partitioning)
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