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EXECUTIVE SUMMARY

Although gerchloroethyleneRERC)has dominated thery cleaningndustry for several decades,
alternativesolventshave nowenteedthe marketplaceThe most common alternatives to PERC

arehighf | ashpoint hydrocarbons, referred to as “hyd
Washington, these solvents are now usethbge thartwenty percent of dry cleaners, and their

usage is increasing.

However the potentiafor hydrocarborsolvents to adversely affect human health and the
environmentas not been well characterizetlthough not specifically banned by any regulatory
authorities several jurisdictionglo not encourage their useor some programs and agencibs, t
preferred alternative to PERC dry cleaning is professionatiahing which uses water rather
than an gganic solvenin the cleaning process

Giventhis uncertaintyandtheir increasing use in King Countyge evaluatedhis product class

througha literature review, interviewfish bioassaysand chemical analgs. We analyzedhe

two high-flashpointhydrocarbon solventshost frequentlysediocally: Ex x on Mo bi ™ s DF2000
and ChevrofP h i | HcoSphE; as well as mew high-flashpointhydrocarborsolvent,

CalypsolvM (Technichem, Ing. Our analyse$focusedon detectionof hazardousiromatic

hydrocarbos, especially benzendNe also evaluated thedquatic toxicity in an acute fish

toxicity test.

These products were confirmed to be complex mistoféydrocarbonsbut nohazardous
aromaticcompoundsvere detectedNone ofthemwereacutelylethal to fsh at the highest tested
concentration (106nilligrams per liter ing/L)), reflecting theivery low water solubility.
Therefore, we conclude that thessventsdo not contain carcinogenic or mutageaiomatic
compoundsind do not exhibidcute aquatitoxicity.

From ourliteraturereviewand interviewswe conclude thabxicity evaluations ofhesehigh-
flashpointhydrocarbonsre complicated byl) the inclusion of diverse products in the category
of “hydrocar bon ,"égomg ofvehichereyncontain benzersnd etimet hezardous
substancesand?) the inadequacy dhemical Abstract Service (CAS) numbaysiniquely
identify specificproducts withirthis chemical class.

However, we recognize the ggibility for harm to human health and theveonment from using
these solventsFor examplethere are data gaps regarding toxieibyd bioaccumulation, in
addition tooutstanding questions about effectsanmbientair quality. There is als@otential for
contamination ohydrocarbordry cleanig machinedy hazardougrocess chemicalgvhich
mayresultin worker exposuresAs petroleurrbased products, these solvents rely on fossil fuel
extradion. Waste streamshay also be classified as Dangerous WE3W), and their increased
flammability canpared to PERC raises safety conceifs prevent occupational exposures and
environmental contamination, hydrocarlrmachinesnust bemaintained adequatelgolvent

spills preventedand waste streams managed appropriately

In summarywhile professioal wet cleanings the preferred alternative to PERGg
hydrocarborsolvents described in this reparealsoviable alternative, when used
appropriately

LHWMP - Dry cleaning with high-flashpoint hydrocarbon solvents 1
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INTRODUCTION

Background

The useof PERCas a dry cleming solvent has been decreasiragionallyover the last several
years Figure 1 showthe reduction in the number of PERC dry cleaning businesses in King
County, Washington, as indicated by the numbeshopsregistered withthe Puget Sound Clean
Air Agency (PSCAA) Further review oPSCAA '’ registration databassite visits to PERC dry
cleaning shopsand conversations with industry vendmegealed that there weomly 80-85
PERC dry cleaners in King County asJoly 2018— a substantial decreagein the over 400
businesses registered in 2006

Figure 1. Number of PERC dry cleaners in King County, Washington
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There are severakasons for this downward treridcluding 1) the purchasind consolidation of
small businesses to credaeger facilities that rely on dreghops and offer piekp and delivery
servies,2) adoption of alternative dry cleaning solvents 8hHusiness closurgespeciallyof
financially struggling businessebat useolder PERC machines

Although PERC was used by almost all King County dry cleaners through the W@9faye
noted theemergence of seversblventalternatives in the last two decades. This transition
reflects the following factors:

1 Insurance company andridlord opposition to installation of new PERC machines
because of environmental liability concerns (i.e., costlgral@s).

LHWMP - Dry cleaning with high-flashpoint hydrocarbon solvents 3



1 Regulatory activity in California to phaseit the use of PERC in dry cleaning, which has
raised awareness amosgme dry cleanemnd promptedhe purchasef new equipment.

9 Restrictions in the use of PERC by local jurisdictions in King Counpratect their
shallow aquifers from contamination (e.g., the City of Redmond).

T The United States Envist BRMmEBR) abaRronetheonosa
dry cleaning machines docated in residential buildings by 2020 (Final Amendments to
Air Toxics Standards for Dry Cleaners, 40 CFR 863.322 (0)).

Demonstrated efficacy of several alternafiaeric cleaning technologies and solvents

Growing awareness amosgmedry cleaners of the health and environmental effects of
PERC.

1 Availability of fundsfrom the Local Hazardous Waste Management Program in King
County LHWMP) to purchasdigh-flashpoint hydrocarboand professional wet
cleaning technologyl(l grants were awardduetweer?013 and2015).

1 Machine vendors marketing and installing alternatidgent dry cleaning machines,
rather than replacing obsolete machines with new PERC equipment.

However, it should also be noted that the total number of PERC shops also decreased because of
business clsuresresulting from:

1 Financial stress stemming fraime Great Recession in the United States (December 2007
—June 2009).

1 Declining customer base because of: 1) changes in the types of fabrics now in common
use,many ofwhich do not require dry cleaning; 2) technological advances in residential
washing macimes and dryers, which allow the cleaning of wool and other delicate fabrics
at home; and 3) the availability ofmouse dry <c¢l eaning and *“
several major corporations.

wash

1 Business owner retirements, especially of immigrants from S¢artka. We have
observedhat their childreror otherrelativesare not adopting thiamily business.
Newer immigrants to King County are also not opening dry cleaning businesses.

Status of dry cleaning in King County

To better understand the local inttyswe conducted a survey of King County dry cleaners in
2010%2 This survey revealed thathile 69 percenbf businessewere still using PERQ1
percentuseda high-flashpointhydrocarbon solventSubsequent field visits and interviews with
dry cleaners indicate that thhee ofhydrocarborsolventss increasing.This pattern has also
been noted in Massachuskits., decreasing PERC usage, reduction in the number of dry
cleanes, and increased adoption of hydrocarbon soly8nBry cleanersonsidethydrocarbon

apersonal communication with Suzi Peck, Associate Director for Planning, Evaluation, and Toxics,
Business Compliance and Recycling Division, Bureau of Air and Waste, Massachegetttniznt of
Environmental Protection. September 10, 2018.
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to be the preferred alternative to PERC because the technology and processes are very similar to
thoseused with PERC. Consequently, very little trainandpusinessriterruptionis required to
use the new machine and solvent.

We also learned that 84 percent of dry cleaning business owneideseified as Korean
Among all dry cleaners®84 percent were famitpwned. Subsequent field visits to dry cleaning
shops evealed that employees were typicalitinx.

Hydrocarbon solvents used in King County

High-flashpointhydrocarbons are organic chemicals igatte at relatively high temperatures
(i.e., high-flashpoin} and contain only carbon and hydrogen (hgdroarbon3. Although the
flashpoints of thessolventsare relatively high, they are more flammable than PERC and are
generally classified by the National Fire Protection Association (NFPA) as Class IlIA solvents
(i.e., flashpoints at or above 140 °F andleR00 °F).

These solvents are manufactured under several trade names; the products used most frequently in
King County are EcoSolv (Chevron Philips Chemical Comphh¢) and DF2000 (ExxonMobil
Corporation)>4 In addition, a new product has recently been introduced to the market:

Calypsolv (Technichem, Inc.)

While the detailedhemicalspecifications are proprietary and vary by product, the solvents
described above contain betwednahd 14 carbons as their primary structural backljpa.,
Cllto C14).

Product information, including Safety Deaeets (SDSdpr EcoSolv, DF2000, and Calypsolv
is presented in Appendix ASummary informatiofirom these sourcds shown in Table .1

Table 1. Example high-flashpoint hydrocarbon dry cleaning solvents

Product name EcoSolv DF2000 Calypsolv
Manufacturer Chevron Philips ExxonMobil Technichem
Flashpoint 142 °F 144 °F 142 °F
Carbon# range C12-C14 C11-C13 Not specified?
Water solubility “Negligible” “Negligible” “Negligible”
CAS number® 68551-19-9 64742-48-9 64741-65-7
EC number® Not specified 920-901-0 Not specified

a Although not specified on the SDS, reported to be a similar chemical structure to DF2000 (personal
communication with Mark Ng, Technichem, Inc., November 2017).

b Chemical Abstract Service number

¢ European Community number

LHWMP - Dry cleaning with high-flashpoint hydrocarbon solvents 5



For regulatory purposes, these solvents are char
composition, complex reaction products or biolagic mat er i al s” (UVCB) by the
European Chemicals Agency (ECHAS)

Current study

Even thaighhigh-flashpointhydrocarbordry cleaningsolventsare being adopted wide§cross

the United States and King County(especially DF2000 and EcoSolthgr potentialimpacts
onhuman health and the environmané not very well understooddddressity this knowledge

gap isparticularly important ase consider thdnealth and wellbeing of our dry cleaning
community thepublic, and the environmentAdditionally, a better understanding thiese
potentialhazards will infornthe choice of technologiekadtwe will promotethroughour

financial incentive programs to help dry cleaners replace their PERC equipmiegy. cAncept

and concerint he fi el d of alternatives,” awbesbhbmeatdesi i
asreplacing a toxic chemicalith another chemical witequivalent or morsevere healtbr
environmentakffects Consequentlywe arecommitted to ensuring thate arenotencouraging

the adoption of new solvents technologies that are potentially more hazardous than PERC dry
cleaning.

Across theUnited Statesdifferent jurisdictions have takesrying positionswith regard tchigh-
flashpointhydrocarbonsisacceptablealry cleaning alternativesSome government agencies and
other programslo notactively promoteor subsidizehydrocarbordry cleaningandonly support
professional wet cleaning, which relies on watather than an organic solverior examplethe
State of California (via the California Air Resources Boq@ARB) and the air quality districts)
permits the useof high-flashpoint hydrocarbosolventsbut deesnot provide financial assistance
to dry cleaners to adopt thischnology” However, other jurisdictions have providemhdingto
help PERC dry cleaners purdedydrocarbordry cleaningmachines, reasoning that their
highest priority is to remove aging PERC machines from operéfion.

Conversations with colleags in the environmental and regulatory communities revealed
conceris about the mutagenic and carcinogenic potential of thgdmcarborsolvents because
theymaycontain benzene and other carcinoggpically associated with petroleubased
products

To address the questions described above, this current study undertook the following lines of
investigation:

1 Chemical analysis of multiple manufacturdgs of high-flashpoint hydrocarbodry
cleaning solventto determine their aromatic hydrocarbon tant and

1 Fish bioassays of thteydrocarborsolventsto determine their acute aquatic toxicity

To complement and enhance the results of these analyses, we conducted additional research
including:
1 Aliterature review of this product class, including poaxd LHWMP studiesagency
reportsthe peerreviewed literatureand manufacturer specifications; and

1 Interviews with manufacturer representatives, including chemists, toxicologists, and
product specialists.
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METHODS

Overall strategy

The overall strateggf theexperimental portion ahis assessment was: 1) analyze solvent
samples tevaluate the@resence of anlbt-to-lot variability inaromatic hydrocarbocontent and

2) conduct fish bioassays &valuate acutaquatictoxicity. Previous fish biossays of DF2000
revealed that this solventas not acutely lethat 5,000 mg/L*® Given these prior results, and
because DF2000, EcoSolv, and Calypsolv were presumed to be chemically very similar, only
singlesamples of the latter two solvents were teste@ddote aquatitoxicity. Additional

samples would be tested if any fish toxicity was nofElde sample identities are summarized in
Table 2.

Sample collection and storage

LHWMP and colleagues frontné Washington State Department of Ecology (Ecolpuy¥hased
5-gallon containers of EcoSolv and DF2000 from a local vendor (S&Gompany, Auburn,
Washingtom, ensuring that the products were derived from different manufacturing lots.
Technichem, Inc(Hayward, Californiaplso provided®50milliliter (mL) sample of Calypsolv
and EcoSolv.Exampleproductcontainers are shown Figure2.

Figure 2. Solvent product containers

} ___E
cs-2°!

Calypsolv HC T

Technichem, Inc-

o
Lot Numper: 2017E%y
k&mple Date: 1177

Solvents in 5gallon product containers were transferred toghe@aned 48mL capacityVolatile
Organic AnalysigVOA) vials and 256mL capacity +CHEM jars(I-CHEM #2200250)using a
100-mL capacity disposable serological pipetlehe 256mL product containergrovided by
Technichem, Incwere delivered directly tthe KingCountyEnvironmentaLaboratory KCEL).
All samplecontainers were delivered KCEL at room temperature
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Table 2. High-flashpoint hydrocarbon dry cleaning solvent samples evaluated in this study
Product Lot number Supplier Container size Sample number 2:2?;;2' bioFai\zZay
DF2000 062771 S.K.Y. 5 gal. DF-062771 X
073171 S.K.Y. 5 gal. DF-073171 X
020671 S.K.Y. 5 gal. DF-020671 X
052371 S.K.Y. 5 gal. DF-052371 X
EcoSolv 17HPECOO05-1 Technichem 250 mL ES-17HPECOO05-1 X X
17EPECO12 S.K.Y. 5 gal. ES-17EPECO12 X
16HPECO06 S.K.Y. 5 gal. ES-16HPECO06 X
15KPECO05 S.K.Y. 5 gal. ES-15KPECO05 X
Calypsolv 2017EXP38-1 Technichem 250 mL CS-2017EXP38-1 X X
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Chemical analyses

Samples were analyzéy KCEL staffusing EPA Method 624a purge and trap gas
chromatograph/mass sgpmeter (GC/MS) method for volatile organic chem{&4DC)
analysis of wastewaté) The focus of the analysis wasrzene, toluene, ethylbenzeaad
xylenes(BTEX), wherem-xylene, pxylene, and exyleneconcentrationsvere reported
individually.

A 5-mL aliquot of sample was diluted in BGL of reverse osmosis watand shaken for 2
minutes. The aqueous portion of the sample/water mix was removed and loadged@niL
capacityVOA vial. Helium gas was bubbled through tgueous portioat ambient
temperature After purging was completed, the trap was heated andthsited with helium to
desorb the purgeables onto a gas chromatographic column (J&WRDBcolumn, 30 m long,
0.250 mm ID with a 1.4 um coating thickness).

The gas chromatograph was temperaprmgrammed to separate the purgeabidsch were
then detected with a mass spectromgiegilent 5975C/7890A GC/MS with a Teledyne Tekmar
Atomx autosamier).

D4-Dichlorobenzene; Fluorobenzene; andClorobenzene were used as internal standards.
D8-Toluene; D41,2-Dichloroethane; and-Bromoflorobenzene were used as surrogates.

Analysis for Tentatively Identified Compounds (TICs) was performed on plkaks/ere >3% of
the D4Dichlorobenzene internal standard.

Fish bioassays

Acuteaquatictoxicity tests were conductdry KCEL staffa c c or di n g Biolgicldc ol ogy’ s
Testing Methods for the Designation of Dangerous Waste.*? This test involved exposing

juvenile rainbow trout to solvent samples for 96 hours at two concentrations (10 mg/L and 100

mg/ L) i-mermeWalo'n st ati c ac utEe ofl idghyA: Metedi8& i t y bi oas
12).
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RESULTS

Chemical analyses

BTEX wasnot presenabovethe detection limitdn any sample The Method Detection Limit
(MDL) was 10micrograms/liter i d-J and the Reporting Detection Limit (RDL) wa8 2 d-/

A representativehromatogren from the GEMS analysis ofEcoSolv(sample# ES7HPECO05
1) is presented in Figurg The labels indicate thexpectedocaions ofthe peaksfor BTEX.
The EcoSohsampledisplayed chromatographicalds a moundhatcontaired multiple peaks
betweenl9.326minutesand 21.365ninutes NineteenTICswereidentifiedwithin these
retention times TICspresent at the highest concentrations were

2,2,5trimethyldecare (315ug/L)
2,2-dimethytheptane (249g/L)
3-methyldecane (18pig/L)
2,2,5trimethyldecane (12¢ig/L)
2,7,10trimethyl dodecane (11j%g/L)

=A =/ =4 -4 =4

A review of the TICs associated with the othavductsamples revealed similar chemical
profiles.

Acetonewaspresent in multiple samples and vi&ely a laloratay contaminant.

PERC was detected in a single sample of EcoSolv (sargigd®HPECO06pt 4 8 Thisg/ L .
result was confirmed upon analysisanothersample from the samedallon container.

However, PERC was not detected in samples from two additiegeldn containers from the

same lot of EcoSolv (i.e1,6HPECOO0®, where theMDL and RDL were 1Qu d-/and 20u d./
respectively.

Fish bioassays

Neither EcoSolv nor Calypsoivere acutely lethat the highest test concentratid@®0 mg/L).
An immisciblelayer of solvent was present on the surface of the test vessels. Detailed results are
provided in AppendiB.
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DISCUSSION

Experimental findings

These higHlashpoint hydrocarbon dry cleaning solt&were confirmed to be multicomponent
hydrocarbons Toxic aromatis (i.e., BTEX) were not detectedT hesefindings mirror the results
of previous analyses of DF20@0nductedn a collaboration betweehe National Institute for
Occupational Health & Sety (NIOSHf**%and LHWMP1?

Theorigin of thetrace levels of PER@ one5-galloncontainerof EcoSolvis unclear
Conversations with the local vendor (S.K.Y. &wimpany revealed that their supplier
distributed the solvent from &gallon drums into the-gallon plastic containers providéat this
study We surmised thahtes u p p Isdlvent dstribution equipment may ka been used
previously to dispense PER@ is alsonoteworthy that the-§allon containers of EcoSolv were
not sealed upon deliveandthe screwcaps were readily opene®y contrastthe containers of
DF2000weresealedwith a plastic ringpull. We recently learnethatEcoSolv is now shipped in
sealed metal containe®s.

The fish bioassay results for Calypsolv &wbSolvwereidenticalto the findingsfrom our
previous studies with DF2000. elherof these solventaereacutelylethalat the maximum test
concentration of 100 mg/and LDsss could not be determined hey all formed an immiscible
solvent layer on the surface of the test vessel, reflectingrtegiigiblewatersolubility (see
Table 1) Anextensiveevaluadion of DF20@ acute aquatitoxicity we conducted previously
revealed that this solventas not lethal tdish at a maximum test concentration @ mg/L )

Overall, we conclude that these three solgatt not exhibitacuteaquatic toxicity because they
areessentiallyinsoluble in waterresulting in very low exposures to the fidBelowwe provide
additional discussion of the aquatic toxicity of this product class.

Health & environmental perspectives on hydrocarbon
solvents

Defining hydrocarbon dry cleaning solvents

The three higHlashpoint hydrocarbon dry cleaning solvents under considelatibiis study
(EcoSolv, DF2000, and Calypsblappear to share similar chemical structures, comprised of
almost 100% isoparaffin hydrocarbons (isoalkanes) with carbon chain lengths bet@g&tmnd

C14. None of hese productsontaintoxic aromatic hydrocarborge., BTEX) above detection
limits. However, some authors have also categorized other solvéntganying chemical
compositions ashydrocarboh dry cleaning products. For example, in its 2012 review of
alternatives to PERC in dry cleaning, the Toxic Use Reduction Institute (TURI) included several

apersonal communication with S.K.Y & Company. June 2018.
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productswith varying chemistries n t h e high ftagh dnyalnooarbotig'> Although TURI
mostly focused oF2000 and EcoSolthey alsancluded:

1 ShellSol D60 - manufactured via refining crude oil followed by hydrotreating to
remove aromatics. This class of products is not considered to be isopar&ffinic

1 Caled Hydroclen®' - aC10 toC13 solvent that also containsl®% aliphatic propylene
glycol ether base mixtur&) and

1 Niran Technology PureDHY - reportedly aC9 to C12 solvent supplemented with several
perfluorinated compounds, with a much higher flashpoint than other products included in
this category (i.e., 350 °F)

CARB’ 2006review, in support of its rulemakinglso included Stoddard solve@AS number
805241-13) in the “hydrocar b% Howewl, theechemicat, phgswal i n g ”
and toxicological properties of Stoddard solvent are very different frommyth®carbordry

cleaning solventander consideratioim this study Thispetroleum distillate mixture o7 to

C12 hydrocarbonhas severalgssible formulations, with varying levels of paraffins,

cycloparaffins, and aromatic hydrocarbons. Some forms of Stoddard solvent also C6raaih

C8 hydrocarbons, includingromatics such dsenzene. Flashpoints for Stoddard solvent range

from 100°F to 140°F.*9)

In conclusion, general summaries of the chemical compositibpdsbcarbordry cleaning
solvents are confounded by the inclusion of several products icetigigorywith widely
differing chemical compositions.

Issues with classification & nomenclature

According to the EPA, the composition and physical properties of substances V@thShe
numberassigned t®F2000(6474248-9) can vary considerably, dependiog the raw material

and the production process8&$ EPA’' s concl usi ons are sup®Ported
which stateshat hydrocarbons assign€AS number6474248-9 may havecarbonbackbones in

theC6to Cl3range. Therefore, CABumber6474248-9 is not specific for the DF2000 product.

This issue extends beyond DF20@ur conversations with product manufacturergaaled that,

in some circumstances, the CA8mbes for this chemical class refer to the feedstocks from the
refineryand the specific final processing stegther than the finished products. Thus, a single
CAS numbercan refer to several different hyararbonsolventswith varying chemical, physical,
and toxicological properties.

Recognizing this difficulty, thélydrocarbon Solvents Producers Association (HSkéked

with the ECHA to develop a more specific nomenclatutee European Community numb

(EC number}- for products sold in the European Un{&u) to comply with the requirements of
the Registration, EvaluatiorAuthorization and Restriction of ChemicalREACH) regulation

Per REACHrequirementsthe adoption of the new, more specifanres and identifiers
necessitated the removal of CAS numbdreachCentrum providescaosswalkbetween th&C
numbes and the CA®umbesthey replaced? While this system aim® improve the

spedficity of product classification, it should be emphasized BE@tnumbers are only available
for products sold and registered in the.EU

We conclude that theredominanthemicalnomenclature systemsed by environmental and
public health practitionershe CAS number is not sufficiently specific for this class of
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hydrocarbon solvents, resultingnmsidentification of productand consequent uncertainty about
their chemical and physicplopertieqincludingtoxicity).

Understanding the manufacturing process

Because thefficacy with whichhazardousromatic hydrocarbons are removed from the
petroleum feedstock during manufacturiagn important consideratiam evaluaing
carcinogenic potentialve considered it essential to understaod these soknts are
manufactured

Although gecific manufacturingletails forthese productare proprietary and vary by product, a
generalized schema is illustrated in Figdras described by petroleum industry chemists. This
schema is similar to published hpdarbon manufacturing procesé&sind a description

provided by Mckee et &Y The feedstock for higlashpoint hydrocarbodry cleaning solvents
may be of two types, depending on the manufacturer and product. The first type uses a petroleum
distillate feedstock, which iseatedo removeBTEX and other relatively light constituents. The
second type is of synthetic origitypically resulting from thalkylation oroligomerization oiC3

to C5 light gases and/dower olefins, followed by hydrogenatiam extractiorto form alkanes.
Although originally derived from a petroleum feed, feedstocksised to manufacture these
synthetic products are reportedly freeBFEX. Regardless of the origin of the feedstock,
fractionation steps are used to yield products with the desired carbon chain lengths with
propertie{such as flashpoihsuitable to the endse application

We canclude that the manufacturing processes for thgdeocarbordry cleaning solvents are
unlikely to result in contamination witRTEX, based on 1the Customer Specifications for these
products, which specifically address the aromatic hydrocarbon cosgenf\ppendix Aand 2)
conversations with several product manufacturers, who suggested that these processes are
specifically designed to remoBTEX.

Internet-based hazard screening tools can provide misleading results

Many practitioners in the field of wrnatives assessmarte internebased tools to evaluate the

intrinsic hazards of environmental chemicals and other substances. One suchhé&oblealthy

Buil ding Net wor k' §%vhicheassigrscolar codes ihakefiect shg lghestm

hazardfor a health or environmentalendpoint, as determined froam authoritative hazard list

The Pharos scoring system is informed by the GreenScreen® for Safer Chemicals, a

benchmaking system to rank the safety of chemicals on a-fmimt hazard scal® Hazard data

may be retrieved by eithemumbert ering a chemical ' s

Entering the CASiumbes for DF2@0 and Calypsolv into Pharos revealed that they were
classifiedascarcinogens and mutagens, based on authoritative lists from the EU (see Figures
and6, respectively.

However, considering the Customer Specifications for EcoSolv, DF2000, and Calgesolv
Appendix A); the manufacturing process; and our experimental findings, we surmise that these
solvents are free of hazardous aromatic hydrocarbbhs.supporting documentation for the EU
classification of carcinogenicity for DF2000 (CA8mber6474248-9) cited in Pharos states that

the classification as a carcinogen need not apply if it can be shown that the sutrstéaios

less than 0.1 % w/w benzefi® Therefore, lhe limitations associated with thesignedCAS

numbes present considerable difficulties when using hazard screening tools to evaluate the health
andenviranmentalimpactsof this product class.

LHWMP - Dry cleaning with high-flashpoint hydrocarbon solvents 15



Toxicity evaluation

Toxicity information described in the SDSs for DF2000, EcoSolv, and Calypsolv (see Appendix
A) is summarized in Table 3. Limited independent data exist for the toxicological effects of these
speific hydrocarbon solvents; most datiee derivedrom industry assessmentdn additional

limitation is that emedata arederived from structuralkgimilar compounds (i.evia“ r e a d
across” met ho dgpejficoroductiofénterestt.han t he

Toxicity information for arange of hydrocarbon solvents wasentlydescribedy Mckee et

al.®Y In this review by industraffiliated authors, these dry cleaning solvents were categorized

a s -CXaaliphatic Hydrocdron Solvents (<2% aromatics) Mckee et al. concl uc
solvent class “..does not produce acutely toxic e
unusual <circumstances. . .’ Mckee et al. reportec
relevant to human health in repeated dose studies and tests of genetic toxicity, developmental and
reproductive toxicity, carcinogenicity, and neurotoxicity.

An earlier review by the Cosmetic Ingredient Review Expert Pasehoted no evidence of
mutagenidy or genotoxicity. Theyreporedthat kidney toxicity hadeen documented in rodent
studiesalthough this pathway is not relevant for humamhbe panel also referenced limited
studies to suggegbssiblerritation and sensitization from occupationapesure?”29

The Organization for Economic Cooperation and Development (OECD)ealigoved this class
of hydrocarbon solvenis 201229 andprovided the followingsummary classification:

Chemicals in the category C9-C14 aliphatic (<2% aromatics) hydrocarbon solvents possess
properties indicating a hazard for human health (chemical pneumonitis if taken in to the
lungs as liquids, severe irritant dermatitis due to defatting with prolonged or repeated
exposure, liver enlargement and kidney changes in male rats in repeated dose toxicity studies
[oral and inhalation; these changes may be secondary findings], increase in the frequency of
kidney and adrenal gland tumors in male rats and liver tumors in female mice, potential for
central nervous system effects). Adequate screening-level data are available to characterize
the human health hazards of substances in the C9-C14 aliphatic (<2% aromatics)
hydrocarbon solvent category for the purposes of the OECD Cooperative Chemicals
Assessment Programme.
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Figure 4. Manufacture of high-flashpoint hydrocarbon dry cleaning solvents
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Figure 5. Pharos results for DF2000
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Figure 6. Pharos results for Calypsolv
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In conclusionthe most importameportechuman health outcomes result from aspiration into the
lungs and dermal contact. Theralsopotentialfor CNSdepression resulting from acute
inhalation exposures. Howevér,contrasto the findingsobtained byentering producCAS
numbes intoPharogseeFiguresb and6), we conclude- based on our krature review, the

OECD classification, and the SDS informatiethatthereis noevidencehatDF2000, EcoSolv,

or Calypsolvare linked taeproductive toxicitymutagenicity or carcinogenicity.

Potential for human exposure

According to the OECD, wogks are primarily exposed to these solvents through the inhalation

of vapor due to the volatility of the constituents, although dermal exposures are also f8ssible.
Dry cleaners are potentially exposed to Hilgishpoint dry cleaning solvents when they operate

their dry cleaning machines, remove cleaned fabrics from the machine, press the cleaned fabrics,
and handle the waste streams generated bgi¢haingprocess.

Inhalation and dermal exposure of dry cleaners to DF2000 was evaluated in a collaborative study
between NIOSH and LHWMP in 2013:! Personaland area airsamples for DF2000 were

collected in two shops. The highest personal airborne exposures occurred when workers loaded
and unloaded the dry cleaning machines and pressed dry cleaned fabrics. The highest detected air
concentration in any shopas 21milligrams/cubic metefmg/n¥), which is very low relative to

the occupational exposure limit of 300 mgAn

Dermal exposures were evaluated by applying PERMEE™ pad$ (i.e., glove and protective

breakt hrough i ndi cat oWenptedoery littichopportunity forchedryaner ’ s s k
cleaners to come into direct contact with DF2000. The greatest opportunity for dermal exposure

occurred when the solid waste (still bottoms) was removed from the still for disposal. PERMEA
TECMpadsweregapl i ed to the operator’s skin before he
clean the still. DF2000 was detected at very low levels in two of the six pad samples and not

detected in the other four pads.

We recognize that tseexposure evaluations werenited toonly two shops and that the
hydrocarbormachines were relatively new and not yet prone to leakage. Nonetheless, these
findings suggest low inhalation and dermal exposure potential for workers in shops using
hydrocarbordry cleaning solvents, adast with relatively new machines.

aNIOSH selected the Germ@eutsche ForschungsgemeinscBffG) maximum concentrations at the
workplace (MAK) of 300 mg/r¥) expressedsaan 8hour time weighted average.
b SKC Limited, Blandford Forum, Dorset, UK.
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Table 3. Summary of toxicity information from Safety Data Sheets (SDS) of high-flashpoint hydrocarbon solvents

Endpoint

EcoSolv

DF2000

Calypsolv

Inhalation
Acute toxicity

Irritation

LC50%: >5.3 mg/L (rat)

No data provided

Minimally toxic: LC50 > 5000 mg/m3
(rat)
No data

LC50: >5.3 mg/L (rat)

No data provided

Ingestion
Acute toxicity

Minimally toxic: LC50 > 5000 mg/Kg
(rat)

Minimally toxic: LC50 > 5000 mg/Kg
(rat)

Minimally toxic: LC50 > 5000 mg/Kg
(rat)

Skin
Acute toxicity

Skin corrosion/irritation

No data provided on SDS

No skin irritation effects

Minimally toxic: LD502 > 5000 mg/Kg
(rabbit)

May dry skin, causing discomfort or
dermatitis

No data provided

No skin irritation effects

Eye
Eye damage/irritation

No eye irritation effects

May cause mild, short term discomfort
to eyes

No eye irritation effects

Sensitization
Respiratory
sensitization
Skin sensitization

Does not cause sensitization in
laboratory animals
Does not cause sensitization in
laboratory animals

No data

Not expected to be skin sensitizer

Does not cause sensitization in
laboratory animals
Does not cause sensitization in
laboratory animals

Aspiration

May be fatal if swallowed and enters
airways

May be fatal if enters airway after
swallowing**

May be fatal if swallowed and enters
airways

Mutagenicity

Bacterial cells, mammalian cells, and
in vivo tests do not show mutagenic
effects

Not expected to be germ cell mutagen

Bacterial cells, mammalian cells, and
in vivo tests do not show mutagenic
effects

Carcinogenicity

Limited evidence of carcinogenicity
in animal studies

Not expected to cause cancer

Limited evidence of carcinogenicity in
animal studies

Reproductive toxicity

No adverse effects expected

Not expected to be a reproductive
toxicant

No adverse effects expected

Lactation

No data provided on SDS

No data available

No data provided on SDS

LHWMP - Dry cleaning with high-flashpoint hydrocarbon solvents

21




Table 3. Summary of toxicity information from Safety Data Sheets (SDS) of high-flashpoint hydrocarbon solvents

Endpoint EcoSolv

DF2000

Calypsolv

Specific Target Organ
Toxicity

Single Exposure

Repeated Exposure

No data provided on SDS
Inhalation NOELS3: >654 ppm
(monkey)

Oral NOEL: >1000 mg/Kg/d (rat)

No data available

Not expected to cause organ damage
from prolonged or repeated
exposures

No data provided on SDS
Inhalation NOEL: >654 ppm (monkey)
Oral NOEL: >1000 mg/Kg/d (rat)

*[talics indicate that data was derived f r o m
**Based on physicochemical properties of the material

structurally

1 LC50 = The median lethal test concentration that kills 50% of the test organisms
2 LD50 = The median lethal test dose that kills 50% of the test organism

SNOEL = No observed effect level

atmosaod) compbendshégrfirepdci fied
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Potential for environmental impacts

As with human toxicity, ealuating the potential for @e solventso impact the environment is

also confounded by the complexity of this cheathiass and problems with nomenclature and
classification. Our literature review failed to uncover many specific studies on the environmental
effects of higkflashpoint hydrocarbon dry cleaning solvents, other than for the endpoints
described below.

However, it should be noted that an overarching concern expressed by some is that promoting this
petroleumbased technology increases our dependence on fossil fuels, which is associated with
multiple human health and environmental impé&gts.

Aquatic toxicity and bioaccumulation

The Pharos results for CAimber6474248-9 (i.e., DF2000) suggest that this chemical is
“Persistent, Bioaccumulative and inherently Toxic (PBIiTE) to the Environment (basedatit aq
organismsy This ¢l assi ftheCanadian Bnvimmmiergal ProtettiensActf r o m
Environmental Registry Domestic Substances Ligummarizedn Figure6). TURIreported

thathigh flash hydrocarbons exhibit moderate bioaccumulatioerpia and high aquatic

toxicity.®

However, n their 2012 reviewQECD concluded that aliphatic hydrocarbon solvents containing
less than 2% aromatiegith a carbon length of C11 and above aot expected to exhibit acute
aquatic toxicity due to water solubility limitans and slow uptake kineti€8. OECD also stated
that determining the bioaccumulatigrotentialfor this chemical class is challenging ahdtthis
represents keydata gaphat should be addressed

In our previousevaluation of DF200th afish bioassay, nacutelethality was seen at the
maximum test concentration ofd®0mg/L.*? Measured DF2000 concentrations in the test
vessed containing fistwere below the RDL (238g/L).

Theexperimental findings from this study aadr previous fish bioassays suggest that these
solvents do not exhibécuteaquatic toxicityin rainbow trout Therefore, w conclude thahe
classification of these products as PBITE (based on aqugianismsj)s likely not appropriate
because otheir limited water solubility:®

Sediment toxicity

A report prepared for the Massachusetts Department of Environmental Protection states that:
“...the toxicity of hydrocarbons in sediments to benthic organisms is caused by the hydrocarbons

that partition from the organic fraction of sediment particles into porewater and from porewater

into the tissues of sediment-dwelling organisms.®2 Both bioaccumulation and toxicity of
hydrocarbons increase as the octanol-water partition coefficient of the hydrocarbon increases.”

This report then suggests ttz8 to C12 hydrocarbons are ffigiently soluble in water that they
may contribute to sediment toxicity. However, higher molecular weight aliphatic hydrocarbons
(i.e..,C13 toC18 and above) have such low water solubilities and baoglainotwater partition
coefficiens that little patitions into the water phase where it can be bioconcentrated by aquatic
organisms.
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As discussed in the section abo#gpatic toxicity and bioaccumulation, the hydrocarbon dry
cleaning solvents evaluated in this report have very limited water solufiligrefore, it is
unlikely that these products would contribute significantly to sediment toxicity.

Air quality and smog formation

High-flashpoint hydrocarbonsave been described ¥©Csby several authors, including TURI
andCARB.*518 The principal concerwith regard to air qualitis the formation of ground level
ozone (i.e., “smog”) from a mixtur® of VOCs, nit

EPA’" s Safer Choice pr ogr aaxemptrsavent hsedond0CHFR f i ni t i or
59.203- Standards for Consumer Produéts

1 Hasavapor pressure of less than @nilimeters of mercurfymmHg)at 20°C; or, if the
vapor pressure is unknown:

o Consists of more than 12 carbon atoms; or
o0 Has a melting point higher than 20 and does not sublime

While thehigh-flashpoint hydrocarbon solvents evaluated in this r@poltide carbon chain
lengths of greater than 12, they do not meet the exemption chise@aseheir vapor pressures
exceed EPA’s 0.1 mmHg threshold (see Appendix A)

9 DF2000: 0.3nmHg @t 20 °C).
1 EcoSolv: 1.5 mmHg4t38°C).
1 Calypsov: 0.1kPa = 0.83 mmHgdt 20 °C).

A smog chamber study by Presto et al. suggested that secondary organic aerosols may be formed
from the photeoxidation of low volatility precursors, likeigh molecular weightlkanes® A

2018study by McDonald et akuggested thatlatile chemical product emissions, such as those

that may result fronthe use of higtilashpoint hydrocarbon dry cleaning solvemgay make a

significant cantribution to overalfossil fuetderivedvVOC emissions in industrialized citi€$)

We conclude thahis product class may have adverse effects on air gualifgh isa major

concern in ozone neattainmem areas.As of June 30, 2018, no counties in Washington state

were regarded as ozone nonattainment di@adowever, two areas are regarded by Ecology as
“probtems” for ozone: the western f-QGitesdneal | s of t
(Kennewick, Pasco, Richlan€dy)

Groundwater contamination

These higHlashpoint hydrocarbon solvents dess denséhan water anthusare considered

“Light Nonagqueous P hCARBeontlideduhatdreundwatér NAPL s ) .
contamination byrwydrocarbordry cleaning solvents is less problematic tlaPERG which is
classified as a Dense No #®awhiedNAPks canistil speadl i qui d”  (
laterally underground, they float near the top of the water.tabdmsequentiyi. NAPL

contamination is much more easily remediated, compareahtamination bypNAPLs, which

cansink deep io underground aquiferaNatural biodegradation of aqueous phase LNA®4rs

alsofacilitate remediatios?®39)

24 LHWMP - Dry cleaning with high-flashpoint hydrocarbon solvents



Nevertheless, anyonaqueous phase liquid, regardless of its density relative to water,
represent a lorterm sourcef groundwater contamination.

Soil contamination

Hydrocarborsolvents used in dry cleaning, like other petroleum dwaibons, can contaminate
soil through sorption (attachment) of LNAPL components to soil partithdsle natural
biodegradation processes can remove or reduce levels of these solvents in the environment,
residual particles may serve as leegnm sourcesf soil and watepollution.G®

Vapor intrusion

Vapor intrusiorrefers tathe infiltration of VOC vapors from underground sources into buildings,
which can result immhalation exposures

Hydrocarbordry cleaning salentstypically biodegrade at a moderate rate under aerobic
(oxygenrich) conditions and no toxic byproducts are creatdkcause of thimmoderatelyrapid
degradation processnly relatively lowconcentrations dfiydrocarborsolvent vaporsire

typically present beneath the ground surfaG®nsequentlyapor intrusioris typically less of a
concern However, there are several specific scenarios in which vapor intrusion may still be a
concern for norchlorinated hydrocarbonsych as imethands geneated under anaerobic
conditions®?

Dry cleaning process considerations

It is important to recognize that thee of ehydrocarbordry cleaningsolvent is only one
component of the overall potential for exposure tahdmschemicalduring thedry cleaning
process

Beforebeingplaced in the dry cleaning machine, stained fabrics may belgmeed of p-r e
spotted” with s ¥%Wehaveobserveomultiple gppordudities fbasmful
exposures to workesghile usingspot cleaners. Inehemicalinventory ofhydrocarbordry
cleanerswe noted the use of spotting agents contaiRIBRC,trichloroethylene (TCE)
methylene chloridenydrofluoric acid and other hazardous substarfé@sThese products are
typically used without personal protective equipment.

Following spot treatment, the fabrics are placed éndty cleaning machine where they are
typically agitated with solvent and a deterge@bnsequently, residual spot cleangigemicals
may be introduced to the machine, resulting in contaminatitnchlorinated hydrocarborand
othersubstances

Additives may also be introduced to the machine during cleaniigmost commoradditive is
“si,z2i wygstypibally comprised of plastibased hydrocarbon resins in a petroleum solvent
carrier, and is used to restore shape, body, and texture to fébrit®e haveobserved the
inadvertent contamination offeydrocarbordry cleaning machineith asizing agent designed

for use with PER@perationsthis shopwvas supplied witilhdco RenewLiquid Sizing®, which
contairs up to 50 percenPERQ.

In conclusion, workers may be exposed to several harmful substances while dry cleaning with
high-flashpoint hydrocarbon solvents. Although relatively safe spot cleaning products and other
proceshemicals are now available, mamydrocarbordry cleaners continue to use products
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originally designed for use with PERC machitiest contain PERC, TCE, and otheizardous
substances. These produtiay then harm the workers and contaminate their mestand
waste streams (see below).

Waste stream considerations

Overview of waste generation in dry cleaning

A typical dry cleaning process is shownFigure?7. In mostmodern dry cleaning machines,
heated solvent vapors generated during the digyalg pass through a refrigerated condenser.
The condenser cools the air and condetissolvent vapor, which is recoveréd.Recovered
solvent is then pumped into a vacuunii,stihich is integral to the drgleaning machineSteam
coils in the still transfer heat to the solvent, causing it to bohe solvent vapors flow to a
condenser, and condensed solvent and water flow to a setaratof*? This distillation
process prevents impurities from building up in$béventandgenerates a concentrated waste
materi al c a | /1 Ehd sefmisotidiwhstecoriiargresidual solvenandnon-volatile
components, such adgtergent, sizing, waxes, oils, and gred¥¢g4¥ After the mahine has
cooled (usuallypvernight), the still bottoms are transferred to a waste container using a specially
designedake. Depending on the volume of dry cleaning processed in a shopostdims are
typically removed once every2 weeks34

Figure 7. Dry cleaning process
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The water separator receives the mixture of solvent and water from several sSoaladisg

condensates from the still and the refrigerated condeii$ese mixtureseparate into

immiscible solvent and water layershe water phase is either periodically drained from the

ma c h istorage t&nk or allowed to continuously fill an external container (typicalgadl®&n

plastic bucket$¥ Thi s “separ at or wagarts pel milliorsgpng of solvent; ont ai ns
unless thghases do not fully separate or the water contains detergents or other imptirities.

Ot her waste streams i ncl ude, andabsbrbdntmaterials s , cont ar
used to clean up accidental spills.

Characterization of waste streams in hydrocarbon dry cleaning

InWashigt on st ate, the t er nwotygeaof\gastesplilsa avaarsd e®eds i nc | 1
waste”  w hsireguiated by the federal government, @)t d a n g e r ¢ which isdefede

only by Washingt @in. e toantl'eys’ts awaesgngehsiythér divides all

federal andstateonly dangerous wastes into two categories: Dangerous Waste (DW) and

Extremely Hazardous Waste (EHW).

Waste codes are then assigned to the hazardous waste, if applicable, including those specified in
federal regudtions (i.e.F, K, P, U, or D codes) and those specific to Washington state:

WPO01—Persistent dangerous wastes, halogenated organic compounds (EHW).
WP02—Persistent dangerous wastes, halogenated organic compounds (DW).
WPO03—Persistent dangerous wastesypwptlic aromatic hydrocarbons (EHW).
WPCB—Wastes that designate as stspecific PCB sources (DW).

WTO01—Toxic dangerous waste, extremely hazardous (EHW)

WTO02—Toxic dangerous waste (DW).

WSC2—Solid or semisolid corrosive waste (DW).

=A =4 -4 -4 -4 -4 -4

For more informationthe reader is referred @hapter 173-303 WAC: Dangerous Waste
Regulations.“®

We conducted an extensive field campaign in 2011 and gDtRancterize the waste strea
generated by 1Bydrocarbordry cleaner$®

Reviewingourdata againsVa s hi ngt on st at e’ s dwernegreedthaitbe wast e r ¢
still bottoms generated bydrocarboroperationsweretypically DW with waste code WTO02,

based on theiacutetoxicity to juvenile rainbow trout n Ec ol o g y-12fishMet hod 80
bioassay** A subsequerntHWMP studyfoundtha the highacute aquatitoxicity of these still

bottoms (relative to the higlashpoint hydrocarbon solvent) likely reflected, at least in part, the

presence of residual surfactafpisesent in detergentsyhichareextremely toxic to juvenile

rainbow tout“®

We also learned that the separator water from mgadtocarborshops typically met the King

County Industrial WastéKCIW) program's wastewater discharge lintit8. Consequently, this

separator water may be discharged to the sewer once the shop has received a permit from KCIW.
However, we found that the separator water fromtomeocarborshopc ont ai ned 13, 000 ¢
TCEandf ai | ed K CI Athosigh the source of TGE was never determined, we
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suspeatd contamination from either residual spot cleaning produ®® (8t r e e t ®is10®i cr i n
percent TCE) othe inadvertenaddition of a TCEcontaining process chemical directly to the dry
cleaning machin&:

In conclusion, the still bottoms frolydrocarbormachines are typicallpW and he separator
wateris typically eligible for dischargeo the sewein the absence of chlorinated spot cleaners
and other chlorinated process chemicals

Filtration technologies

Although mostydrocarbordry cleaningmachinegely on distillation taclean and regenerate

their solvent,some nachinesusefiltration. As described in a 2005 report from tinstitute for

Research and Technical Assista@é&TA),*’ s uppl i ers of “tonsil” filtrat
has the following advatages

9 Absorbs moisture ithe hydrocarbon solvent and makes it much easier to control
bacterial growth.

1 Makes distillation unnecessamjllowingtle ma ¢ h i n eto kemdclo smallpritham t
that of a typical dry cleaning machine.

Eliminatesthe need fordetergent.

Readily scavenges dyes that would cause bleeding and transfer of the dye to other
garments.

IRTA also reported that the still bottoms from dry cleaning facilities that did not useftbasil
were toxic to fish In contrastthe samples frorthosethat used tonsilvere not toxic IRTA
suggestdthat ;e possible explanation for this result is that the facilities thattossil filter
mediadid not use detergesitwhereas the facilities thatcinot use tonsil idl use detergerit”

More recentl vy, Ungn-diStHiay, no-steamom-diaie€¢ kydrocarbof dry
cleaning systerft® This manufacturer claims that this technologgiuces gas, electric, water,
and maintenance costs

Consequentlysolvent regeneration processes based on filtration, rather than distiltasign,
offer additionaladvantages, insofar that they may offer sgsiim energy and water usagehe
waste filtration material is typically disposed of as solid waste, rathehtdmardous waste
Howevert it is not clear whether teewaste streams have been adequately characterized
according t o \egrouswagte regulatiensat e’ s

Flammability

As stated previously, these hifjashpoint hydrocarbon dry cleaning solvents are regarded as
Class IllIA solventswith flashpoints between 142 °F and 145 °F. Althoughk #ne less
flammable than other hydrocarboohgents previously used for dry cleaning (e.g., Stoddard
solvent), they are more flammable than PERC, which is regarded as nonflammable.

This increased flammability may haweportantimplications for dry cleaners when they replace
their PERC machines. B jurisdictions may require the installation of fire suppression systems
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andfire-retardanbuilding materials, adding to the cost of conversion. However]oca
multiagency workgroup collaboratiplocal fire departmentecognizedhathydrocarbordry
cleaning machines are typically equipped viftfegratedire suppression systems.
Consequentlythe Washington stafee code wasipdatedn 2015to permit installation of
adequately equippddydrocarbommachines withoutequiringautomatic sprinklesystems
(Section 2108.2¥°)

Drycl eanersé perspectives

Our programrhas enjoyed a 2gear working relationship with our local dry cleaning community,

having provided technical assistae , r ecr ui t ment ehvwrdnmentalur “ Envir oSt
recognition program, and funding to help dry cleameplace their PERC machines. We have

alsoconvened focus groups, conducgeniveys an@neon-one interviews, and hosted meetings

of the now defuncKorean Dry CleaarsAssociation.

Consequently, we have hathnyopportunities to discuss thgireferred alternatives ERC

dry cleaningand learn about the motivators and barriers associatecdoipting new

technologies We have learned that mangyyaleaners are not aware of the human health effects
associated with PERCHowever,they are aware of its potential environmeitgbactsbecause

of costly cleanups in the regi@mdsubsequerpressure exerted by landlords and insurance
companies to rdacetheir PERC machinesSomedry cleaners aralsofearful of impending
federalregulations to baRERCunder the Clean Air Act and the Toxic Substances Control Act.

Although many in the environmental and public health communities consitfesssionbwet
cleaningto bethe most environmentaHyiendly alternativeéo PERC there remains resistance
among dry cleanet® adoptinghis technologys their exclusive cleanirgocess Stated
reasons include concern that custonvesiat them to userganicsolvents tacleantheir clothes
effectively, decades ofamiliarity with an organic solvent cleaning systehe belief that
“not hi ng c | kandlack df firskhand éxpeReGce with professional wet cleaning.

Underlying manyof theseconcersis the fact that dry cleaners are critically dependent on their
cleaning machines for their livelihood. Given that most shops are only marginally profitable, any
interruption to their business or added expense is extremely problefla¢icapital expers
associated with adopting professional wet cleaning is prohibitive for many dry cleaners. In
addition, manycannot afford théusiness interruptioand training associated wikbarningnew
cleaning technology. There is also a perceptionitlieerydifficult to clean fabrics like wool,
suede, and leather usipgpfessional wet cleanirfgecause of problems with shrinkage. Many

dry cleaners are also concerned about the additional labor costs and time associated with
tensioning fabrics that are pro$isnally wet cleanedThus,most dry cleaners would prefer to
replace their PERE€quipmentwith hydrocarbommachines

A compromise approach currently being used in California is to provide funding for PERC dry
cleaners to purchase professional wet éteprquipmentwhile allowingthem to also purchase a
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small capacityiltering hydrocarbormachinewith their own funds This allows the dry cleaner
to incorporateprofessional wet cleaninigto their busineswhile alsoallowingthem to
effectively clea the rebtively smallfractionof problematidabricswith a more familiar process

apersonal communication with Eugene Rabin, Air Pollution Specialist, California Air Resources Board.
May 2018.
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CONCLUSIONS

To our knowledge, this study is the firstassesshe aromatic hydrocarbon contemtd

determine the acute aquatic toxioitithe hydrocarbordry cleaningsolventsmost frequently
used in King CountyOur chemical analyses and fish bioassays confirmed that DF2000,
EcoSolv, and Calypsolarecomplexhydrocarbonshat do not contain detectable concentration
of harmful aromaticssuch asenzene These redts match the informatioprovidedon the
Customer Specificatiorfer these productsWe also found that theggoductsare notacutely
toxic to fish likely reflecting theimegligiblewater solubility.

However, we recognize the following limitationsthe experimental portion of thiudy:

1 We only evaluated thevb most frequenthusedhydrocarborsolventsavailablein our
local market (i.e., DF2000 and EcoSolv) and a single sample of a new praglyct (i
Calypsolv). Consequently, veannot generateabout other productearketed as
hydrocarbordry cleaning solvents.

9 Logistical problems and resource constraints prevented us from evaluating additional
product lots. The finding of low levels of PERC in a single container of EcoSolv
highlights the imprtance of analyzing multiple samples of product.

9 Our chemical analyses focused primarily on BTEX and other V@osisequently
otherhazardougonstituents may have been preserihese productthat would not be
detectedisingour analytical methods.

9 The fish bioassaysed in this studywdsc ol ogy ' s s tfoaevaluatingdacume t h o d
aqguatic toxicityand does not address chronic effects. Given the limited water solubility
of these products, a more comprehensive evaluation of aquatic toxicity wolude
longerterm tests with a more sensitive test species, subla@mia.

Based on our literature review and interviews,alsoconclude thatoxicity evaluations othese
high-flashpointhydrocarbonsre complicated hyl) the inclusion of diverse @ducts in the
hydrocarbordry cleaning solventategory and2) the inadequacy d&AS numbes to uniquely
identify productsn this chemical classThese issues prevent accurate ctir@zation ofthese
solventswith existinghazard evaluation systems.

Despite oufindingsthat these products do not contdatectable levels 8TEX and are not
acutely toxic to fishwe recognize the gsibility for harm to human health and the environment
from using these solvent§.or example,ttere are outstanding cgteons about their effects on
ambientair quality and the potential for contaminatiorhgfirocarbordry cleaning machines

with harmful legacy process chemicalBhere is also &ck of indepenent (i.e., norndustry)
toxicology data.As petroleurdbasedoroducts, these solvents rely on fossil fuel extraction.
Waste streams may also be classified as Dangerous Waste and their increased flammability
compared to PERC raises safety conceronanitigate worker exposures and environmental
contaminationit is critically important that hydrocarbon machines are maintained adequately,
solvent spills are prevented, and the waste streams managed appropriately
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We conclude that although the preferred alternative to PERC is professional wet cleaning, the
hydrocarba solvents described in this report appear to be viable alternatives to PERC for dry
cleaners.We do not consideEcoSolv, DF2000, or Calypsotvo be “regrettabl e
PERC giventhat theydo not appear to contaBiTEX and are not acutely taxto fish However,
because several diverse products are frequently included liwdhgcarborcategoryour results

cannot be generalized beyond the spetifih flashpoint hydrocarbon solversaminedn this
study.
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