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AB,STRACT 
The vast majority of dry cleaners worldwide use tlle toxic 
cl1emiral perchloroethylene (PCE), which is associated 
with a number of adve:rSe heaJth and en vironmental im• 
pact~- Pro~ional wet cleaning was developed as a non
toxic alternative to PCE d,y cleaning but has not been 
widely adopted as subst itute t eclrnology. I n the greater 
Los Angeles, CA, region, a demonstration pmject was set 
up w showcase tltis technology aml evaluate its commer
cial viability by converting seven cleanc.rs from PC:E dry 
cleaning to profa;sional wet deaning. The demonstration 
site cleaners who ~-witched to professiona l wet deaili.ng 
....-ere able to .maintain their level o f service and customer 
base while lowering opera.ting costs. The cleaners were 
able to transition to professional wet deaning without a 
great degree of difficulty and expre.ssed a high level of 
satisfaction v.;th professional wet clC'aning. Crucial to this 
StJ(-J;t;'.$5 was the existence of tlle dem on:mation project, 
which helped to develop a supporting infrastructure for 
professional wet cleaning that had othef\'lise been lacking 
in the garment care industry. 

JNTRODt'CnON 
Perchloroethylene (PCE) bas been the dominant cleaning 
agent in the garment care industry since the 1950s and is 
currently used by 85% of the > 30,000 dry cleaners oper
ating throughout the United States. J ust as dry deanen 
became ubiqtritous in cities and small towns, evidence 
began to emerge in the 1970s of t he adverse health and 
em;ronmema1 impacts associate<:i with PCE use in de} 
cleaning.u Effects of chronic exposure to PCE .include 
dizziness, impaired judgment and perception , damage l:u 

IMPL.ICATIONS 
The viabiity of professior>al wet cleaning. a nontoxic and 
2!!ofO-enission lechnoJogy, gives public agencies and p(lji>
cy-mclrers ooocemi;d with the re,gulation of ttre dry d ean
ing industry the opportunity to integrate the p.'incipal of 
polllliiorl prev!.ontioo into their rule making and elirrJnate a 
number of envirorimenlal ar\d heallh hazards asscci.'lted 
v.~tn lraclitional dry cleaning. In 2D06, the California /,jr 

R~ Board vo,ed to pha,se ol.lt perchloroothylene dry 
ci&ning, in part. becausis oi the availabi lity of viable all.er• 
n?lives, itlcludu,g professbrlal wet cleaning. 
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the live.rand kidneys, and re..:1piratory dis.ease.~ Otl:1er risks 
indudl:' ueurotoxicity and reproductive and <ie,,.-elopmen• 
tal toxicity, as well as va.rious forms of cancer, sudl as 
bladder, sTOmach, esophageal, intestinal, and pancreatic.4 

1-'CE has bt'en classHied as a probable human carcinogen 
by the International Agency for Research on Cancer and 
as a potential human carcin ogen by the :-.;ationaJ Institute 
of Occupational Safety and Health.3 

In the 1980s, U.S .. EnvirnnmentaJ Protection .\gency 
(EPA), as wel I as state and regionaJ agencies, hegan to 
e5tablish standards to regulate PCE as a water, land, and 
aiT comamina.nt.<• Regulations require that solid wasre 
and discharge water contam iuatl?d with PCE be disposed 
of as hazardous waste, and soil ancl groundwater contam
inated with PCE is subject to ,uperfund designation and 
clean-up requirement5. The 1990 Clean Air Act Amend• 
ments classified 189 chl:'micaJs (including PCE) as hazard• 
ous air pollutants and developed adrninisrratlve proce
ch1Tes m establish Nati.anal f.mi>sions Standards for 
Hazardous Air PollutarH.s (NESIIAPs) for each classified 
chemicaP 

PCE dry cleaning was the fmT NESHAP promulgated 
by EPA after t he 1990 legislation took effect. lssued in 
1993, the rule fm:u.:;e-d on the use of pollution control 
(~add-on" or "end-of-p ipe") equipment and operator 
monitoring requirements to assure compliance ,\;th emis
sion. reduction goals.6 Init ially, implementation of these 
pollution contml regulations appeared to create a degree 
of certainty within the gam1ent care industry that PCE use 
would not be suhj ect to further regllla tory consrrainn tllat 
...-ould undennine its status as the solvent of choice 
among cleaners. However, rl:'cl:'nt revelations concerning 
a lack of regulatory compliance, as well as questions re
garding population exposure to ro: and contami.J.1ation 
from dry deaning (even when facilities arc in compli
ance), have created a crisis both within the ,egulatory 
community, as well as within the garment CMe industry. 
Enforcement eva.luatjon audits in the late 1990s 1evealecl 
that few dea11ers were in compliance ""ith federal, state, 
or regiona I ml es.~ The State Coalition for the Remed.ia tion 
of Drycleaning estimates that 75% of PCE dry dean sites 
nationwide are oont.aminated.10 

A Pollution Prevention Approach 
.:\5 reguliltion of PC:F. dry cleaning intensified in the 1990s, 
so did intere.,;c in the development of alternatives w PCE, 
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including reformulated petroleum solvents, silicone-based 
solvents, liquid carbon dio"ide, and professtonal wet cJean
in_z. Yet, it is dear that whereas ~ome of the alrematives 
(professionaJ wet deaning and CO2) represent important 
pollution prevention options, 0U1er alternatives (petroleum 
and silicone) pose rheiT own set of envirnnmental and oc
cupational problems. Petroleum dry dean ernissioru are 
classified as volatile organic compounds, t 1 ,mtl ,he :silicone 
dJY deaning solvent (decamethylpentac.ydosiloxane) has 
been id~tified as a potential carcinogen.12 In addition, 
both solvents are combustible. 

Sin~ the mi<l- l 990S, profossiont1I r,.,•et cle.irun_z 11.iliS 
emerged as the most commercially viable nontoxic/nonvol
atile organic compound altematl'vc to PCE dry deaning. 
Wet deaning, a process of handwaslting delicate gannents, 
has long been practiced by deaners. Profe!il:iional wet d ean
ing industrialized this practice by using cnmputer-con
trolled washers and di:yers, spedally formulated detergenrs, 
anti specialized finishing equipment to create a co.st-effec
tive alternative w wy cleaning. The essential technological 
innovation of professional wet cleaning was to mechani
cally simulate handv.'aShing hy using a computer to control 
the rotation of the d.rum to minimi7.e agi tation while pro
vidi ng sufficient movement for effective cleaning of delicate 
garments. Wet clean washers are a lso equ1pped 'With a com
puter-programmed deter-gent injection system, which al
lows the cleaner to s_lX"dfy the predse amourtt artd type of 
,..,Tct dean dctei:ge.nts and sizin.g agents used for each load. 
Soft water is mixed with these detergents and agents before 
coming into contact with. any garments. Biodegradable 
deaiiii:lg agenc. have been fonnufated for wet d eaning by 
detergent manufactt.rrer.; tu maximize deaning power while 
minimizing color change and shrinkage. Wet dean dryen 
a.re equipped \\itil moisture sensors to emure that garrnem:s 
retain the appropriate illllount of moisture after the my 
cyde is complete. Specialized tensionin g pressing machines 
are used to enhance the ,estoration of constru.cted garment.'>, 
such as suit jackets, suit p an ts, and tailored items. 

Although profei;sional wet deaning system5 .ire now 
\\idely used w supplement dry dean operations, signifi
cant barrier-s have limHed the d iffusion. of this substitute 
tecllnology. In a random sample survey of dry cleaners in 
the greater Los Angeles region, cleaners were asked to list 
tl'J.ei.r two biggest concerns about professional wet dean
ing. The four blggest concerns about professional wet 
cleaning were as follows: the prncess ,.,'ould lead to shrink
age, damage, or haTm to garments (72%); the process 
wou]d take longer than dry cleaning (27%); customers 
would n ot like it or they wou ld lose business il they 
s"\oliitched (11 %); and the process was more cxpens.ive than 
dry deaning {9%). Yet, this opinion was based on limited 
infonnation about the technology; whereas 9 in 10 re
spondents stated tl1at tlley were "very familiar" with PCE 
dry cleaning, only 1 in 5 cleaners interviewed sta,ed that 
they were • ~·ery familiar" with pmfessional wet d ean-
1ng_13. 1 ~ 

These negative perceptions prompted the South 
Coast Air Quality District (SCAQMD) to fund the Profes.
siona! Wet Cleaning Demonstration Proj&t, adminis
tered by the Pollution Prevention Center (PPC) at Occi
dental College. The dernonstr.Hion project provided 
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financial and technical assistance for seven PC£ dry clean
ers to switch to professional wet clean ing and serve as 
demonstration site~ to showcase the technology. This pa
per presents ,m evaluation of the degi-ee of success v.'ith 
which th e cleaners participating in the demonsaation 
pmjec.i: were ab le to switch from PCE dry cleaning to 
professional wet cleaning, with the purpose of assessing 
the viability of profession.al wet cleanjng as a substitute 
technology to !-'CE dry cleaning. 

EXPERIMENTAL WORK 
The ProfC's.sional Wet Cleaning Demonstration Project 
provided the opportunity to conduct before and after 
evaluations of the seven cleaners s1Nitching from PCE dry 
cleaning and professional wet deaning under real-world 
operating conctmom .. The study evaluated each deaner's 
operations as a PCE dry cleaner and used those mutts as 
a b enchmark fm compari~on in the eva luation of each 
cleaner's opeTations as a professional wet cleaner. A case 
study analys.is of each cleaner was used to assess the suc
cess v.'ith which he or she was able to S\-.;tch ro profes
sional wet deaning. A summary analysis of the individual 
case studies evaluated the general viability of professioniil 
wet cleaning as an alternative to !-'CE chy cleaning. l:l.e
cause the switch from PCE dry cleaning to professional 
wet cle.aoing required the cleaners to learn a ne,..,. cleaning 
proces~. data for this evaJuation were c-ollected 6 month~ 
to 2 yr after the cleaners converted. 

The volume of ga.nnents deaned at each deanei re
mained relatively steady from the time the cteaner 
swi tc.hed to the t ime data were collected. Because seasonal 
vdrtability did not appear to be an issue, we were able to 
conduct financial and resource use comparisons based on 
monthly averages. 

Signincance tesh of the impacts of sn;tching from 
PCE dry cleanin g to professional wet cleaning were per
formed using a paired t test and pertain to the sample of 
cleaner~ as a whol,e, not m each indi\·idual clea11er.1 s A 
series of spaific criteria we.re used to evaluate rhe opera
tions of e.ach cle~ner before and after switching from PCE 
dry cleaning to professional wet cleaning. 

'l"ran~tion 
To underStand the difficulty of converting to professionaJ 
wet cleaning, a ser ies of questions we.re posed to identify 
dle following: concerns the cleaner had about co11Yerting, 
tlle degree of difficulty in actually converting, the biggest 
difficulties experienced in converti.ng. the degree of d iffi 
culty in leam.ing a new dean ing process, and me impor
tance of technical training. Data was collected through 
structured interviews with each cleaner. 

l'erformanc,e 
lhree perlonnam:e lriteria were used to e.,'aluate whether 
each cleaner was able to mainta.in h.is or her quality of 
cleaning and level of service after s,~itc.hing to profes
sional we-t deaning: 

First, a profile of problem garments measured the 
extent to which cleaners had trouble processing garments 
before and after switching to professional wet dearung by 
quantifying the fre4uency of sent-out gannem:s (gar
ments processed off-site), retlos (garments brought h ack 
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by CtlStomeIS for additional work), and customer dairru 
(cash or store credit paid for ruined gannents). 

Second, ratings of the quality of deaning iervice and 
cl.l!>iomer satisfaction assessed eacJ1 cleaner's perception 
of the reJative quality of cleaning before and aher switch
ing to prof~ic;mal wet cleaning and each ow11er's pe~p
tion of rhe relative 1evel of customer satisfaction before 
and after the swiKh. 

Truro, a customer response evaluation characterized 
the attitudes of customers toward pmfes~ional wet clean
ing and as~:.ed the extent to which the cle.iners were 
able retain their customer ba,Ye after switching. Data was 
collected th,ough structured interviews with each 
deaner. 

Financial. 
A financial assessment waJuated the relative profitability 
of each cteaner before and after sw;rch ing to professional 
wet deaning. Only costs that were impatied by the 
change in cleaning technology, identified .is uprocess
dependent oosts,a were measured (e.g., rent and advertis
ing were not accounted for), b~G:mse all of the other costs 
were held com-rant at each facility. These costs were cal
culated for each cleaner in terms of dollars per momh. 
Three of the sev.en cleaners were ex duded from the fman
<.ial evaluation, because they had removed thdr dry clean 
madti.l1es ~ 1 yr before converting to professional wet 
cleaning, and it was not possible to reliably collect the full 
range of necessary data_ 

The variable process-dependent costs identified \\CIC: 

as follow£; machine maintenance, filters, solvent, dete,
gent, hv..ardom waste disposal, electricity, natural gas, 
and ware:r. The cost estimates drew from financial records 
p rovided by each facility, m onthly biUing records pro
vide<;! by the cleaner$ and hy the 1,1tilities, information 
from indusrry sources and regulatory agencies, and itruc
tu.red interviews with each cleaner. 

The fixed process"dependent m~ts we.re regulatmy 
and permit fecS and the cost of equipment . The annual
ized cost of equipment was determined by eqs 1 and 2. 

R 
CRF - l _ (l + R)-T (1) 

ACRC - l(PP - SV) ·· CRF] - (5 V -R) (2) 

where CRF is the capital recovery factor; r is the interest 
rate (4%); Tis the useful life of th e equipment in years; 
ACRC is the annual capital recovery charge; PP is the 
purchase price of the equipment; and SV is the salvage 
value of the e<:juipment. 

Resource U se 
An a~ent of electricity, naturaJ gas, and water use 
was undertaken to compare the resource demand5 of d[y 
deanirig and pwfessional wet cleanjng at the four facili
ties operating dry cleaning machines immediately before 
switching. Data were based on m on tllly billing records 
obtained from the cleaners or t heir utili ty providers. 
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o·wner Satisfaction 
.-\n .i:sse:ssment of owner sathfadion ev·a]uated whet.her 
each cleaner fe1t it was a good business decision to switch 
IO profes~ional wet deaning, his or her overall level of 
satisfaction with. professional wet cleaning, and whether 
any acute he,1lth effect~ related tu either deaning proce-ss 
were experienced. Data was co11ec.ted tiuough structured 
inten,iews with each cleaner. 

RESULTS AND DISCUSSION 
TraiuUion Evaluation 

The cleaners exp erienced varying degrees of dilii.culty in 
.:ransitioning to professional wct cleaning. \\·hen asked 
how difficult it was to learn how to do professional wet 
cleaning, six of rhe seven dea.ners re~-po-ndl"d that it was 
"'nm at all difficult" or •·1not too difficult." However, four 
cleaners found the overall switch to professional wet 
deaning to be "so!ll.1:what" or ''very difficult.• Th•c: tran
sitional difficulties cited most frequently by the cleaners 
were relared to problems with the programming of the 
wet clean washers (five cleaners) and the improper instil
lation of equipment (four cleaner.;). Other difficulties in
cluded a lack of ~,ifficient training and techniraJ support 
(nm deaners) and getting over the fear of harming gar
ments (two cleaners). 

Cleaners' concerns about ~witching before the instal
lation were focused on perfonnance issues, such as shrink
age and dye loss, but the$e concerns ne,-er materialized 
into major c:Hfftculries. Rat her, rhe difficulties actually en
countered had more to do with a lack of qualified install
en and technical. support. 

Performance Evaluation 
Frequency of Problf'ln Gmme.nt.s, Five of the seven cle.aners 
,,·ere able ;:o professionally wet clean >99% of garments 
brought in by customers. The overall success race of pro
cessing garments before and after cleaners s\'tirched was 
not significantly different (P > 0.2). The frequency of 
problem gannents was lower after 5'<\itching to profe~ 
sional wet cleaning in three cases and higher in foUI cases 
(Tahle l ) . TI 

The send out rate v-•as h.ighe.r in three cases after 
switching to profession.i i wet cleaning and lower in th.rec, 
but the overa1l difference was nut significant (P > 0.2). At 
Sunny Brite and Del Mac deaner.s, the o.,·ners stated that 
they sent out rnore garments as pmfessional wet cleaners 
primarily b ecause of difficulties re.moving oil-ba~ stains. 

Four of the seven cleaners lowered redo rates by be
tween 0.12% and 0.40%, whereas three cleaners experi
enced increased redo rates of between 0.01 % and 1.00%. 
(h·e.rall, the switch to professional wet cleaning did not 
signilicantly effect redo ra tes (P > 0.2). Where the redo 
rate was lower in pIOfe..ssional wet cleaning, the cleaners 
reported thar fewer garmen,s were returned for stain re
moval. Tn the cases where the redo rate was higher in 
professional wet cleaning, problem) with the quality or 
pressing were reported. 

Wim the exception of Black Tie Cleaners, the s,,itcl1 
to profes.sion.il wet c leaning di.d not have a major impact 
on the frequency of customer daims. Two deane:rS' claims 
rates increased, t hree decrea.sed, and two were unaffeo:ed . 
Three of the cleaners had not paid any daims since. 
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Table 1. ?'rob:am gaimenf profile. 

Sen1f.llut Rate Red'o Rate Claims Rate lh'erall 

Cl11:an1U ltam!!, !try ,C l'ea:n[ng, Wet Cleaning Dry Cleaning Wet Clean~ g Dr, Cleiming Wet C.leaning Dry Dl& nin!I Wet Cle:anln~ 

San Clemect;, 0.03% 0.01 % 0.17% 
De!M2f 0.10% 0.63% 0.1!:ll. 
NI~ 0.19% 0.07'¼ 0.26% 
1 oa, 0.05% 0.05% 0.03% 
Eli's Ai,#, 0.61% 0.17% 0.~3% 
Sumr/ B.i:e 0.12% 2.46% 0.01% 
~Tie 0.16% 1.22% 0.32¾ 
M.ean 0.18% 0.66% 0.20% 
Slllre<!ll'o dw....ta: 0.956 0.455 
l.e','et ~, Sig:"ll.la:ana! P > 0.20 p-=> 0..20 

switching to professional wet cle..aning. Overall, the im
pact of the sv.itch on claims mtes was insignificant (P > 
0.2) 

Cleaners" Ratillgs of Perfomiance. Switching to professional 
wet deaning did not have an impact on the quality of 
cleaning and perceived customer satisfact ion for most of 
the cleaners. Five of the seven cleaners rated the overall 
quality of their deaning s.ervice> as profl'ssionaJ wet 
cleaners. to be equivalent to when they operated as PCE 
dry cleaners, and six of the seven cleanen rated their 
customers' satisfaction to b e equiva len t or higher afte.r 
switchlng to professional wt.?t cleaning. Black Tie Cleaners 
was the only cleaner to rate either h is quality of cleaning 
or his customers' satisfact ion as lower in prufessional wet 

clear.ting. 

Customer Response. Demonstration site deaners reported 
losing few customers because of switch ing to prof~ional 
wet deaning, as indicated by cmtomer retention ra,es 
that ranged between 98% and 100%. With Iegard to CllS

tomer a,,·areness of the change, five of the s.even cleaners 

Table 2:. Process a e,pende.1t costs per ma~tll. 

San Clemente 1 Day 

0..{rn\ 0.010% 0004% ge_s,: 99.9'1, 

0.07', 0.007% 0.005'-i'o 99-~ 99.,3% 

O.G4'- ll'Y, 0% 99.6% 99.g--~ 
0.11~, 0.008¾ 0.012% 99_9fll, 99..8% 
0.63'1 0.008% 0;--,,, 98.9'!(. 99.a'Jt 
O..Ga O'll, OSt 99.!W, 97.Sf-> 
1.32'i:, 0.001% 0.160% 99.7'!1) 97.3% 
0..231f:, 0.00% 0.02'¾, 99.64% 99.07;\ 

0.062 1.392 
P> 0.20 P>020 

made an effort to educate customers about their switch to 
profe'.!>sional wet d eaning, and four reportt'd that most of 
their customers (80- 100¾>) were aware of the S\\itch. Al
though six of the seven reported very few (< 1%) or zero 
negative customer re~pOn5es, one of the deanecs who did 
not rnake an effort to cduc;ite customers about profes
sional wet cleaning reported that a number of cusromers 
(13%) responded negatively to the swiceh. The cleaner 
attributed most of this n egative response to eustomers 
becoming suspicious that Ile wa~ not being straightfor
wa1d with them abou t what cleaning methods he was 
using. 

Fi.nanci.al Evaluation 
Total Process Dependent Costs. Monthly process-depen
dent cos.ts were signtficantty lower after S\\;tching from 
PC[ dry d eaning t o professional wet cleaning (P < 0.02)., 
Each cleaner Iowere<! costs by bet,,veen S272 l!nd S656 per 
month (Table 2). T2 

Equipment C-0s(s. Although the purch~e prices. of the PC£ 
dry cleaning equipment and professional wer cleaning 

Ell's A'lrport Bla1'k Tie 

Mo:ntllly El!p.e:a.ses ,o:ry C-li:aning Wet E:leaniag Dry Cleaniag Wet Cleaalnll Dry Clean lng Wet Cleaning Dry Cleaaii.g Wet ~reania9 

~prnen! S- 43'0 $200 $ 299 $ 28!! S 270 $-208 $ 299 S280 
Macnir-e ire:.'t-~ S 147 S 24 S 239 s 24 s 83 S 24 S 132 S 24 
Filtm; s &O $ 0 s 25 s 0 s 11 s 0 s 23 s 0 

Sol'rent s &O s 0 S 100 s 0 $ 90 $ 0 $ 56 s 0 
[)\=Jerger;! s 53 S1 21 s 16 S 24o s l1 S 82 s 39 St67 
i-!al;lrdous~ S 100 $ 0 $ S4 s 0 s 40 s 0 s 54 s 0 

Regulatu)· rees S 108 s 0 S 108 s 0 $ 81 s 0 $ 108 $ 0 
\Va'_.E:f° s 44 S 34 s 20 s 30 n.a. n.a. n.a. ,.a 
9ectrldfy s 89 $ 50 S 143 S 115 S 187 S1l2 s 93 S 75 
Gas S 278 $200 S 400 S 510 $221 $144 $ 267 $255 
Tc'ial S1359 $703 $1470 S1133 S1004 8590 $1073 S001 
ABduct:oo $(656') st~ $(414) S{27Z 
A..-er;ige(:~~,ce 419.75 
S&i..1d.ml d~ 167.85 
lll•lllf al s;gn..-'i:2nce ,"< O.Cl2 

f/fJ!es; n.a.. iiOl a;i;}licab"e. "Bi"s Aiiport Cleamus 8I1d Bluck Tre ct=-s =.e mt til 1ld for water consumption. 
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Table 3. A,eni;e montn.y resource use. 

Electrl city (kWh) Natural Gas (Tb arms) water (Ht'Fl 

Dry Cteanl~!I Wet Cleaning lllJ Gleaning Wet Cleaain11 Dry Cleanln,g Wel Clea11ing 

S...1~ 
1 Day 
E.li"S Pcrpoo 
Black iie 
A1rerage 
Sla.rwl<i.11~ 
1..e ... a al sii;;r."'",~r.ce 

1100 616 
2310 1868 
1514 1196 
1502 1218 
1607 1225 

96.10 
P < □.005 

equipment did 11ot differ subst;intially ($35,973 t o 

5'14,357 for PCE equipment compared with $35,530 to 
$47,930 for professional wet cleaning equipment), 
monthly equipment costs were lower in each case for 
professional v.-et cleaning because of the long<:1 Ufe e.x
pectancy of the professional wet cleaning equipment. 
Based on industry estimates, the useful li.fe of a PC:E dry 
dean machine is 10- 15 yr1 " compared v.rith 20 yr for 
professional wet deaning equi1:,ment.16 San Clemente. 
and 1 Day CleanerS used their PCE dry d ean machine.~ for 
10 ancl 13 yr, respectively. D i's Airport and Black Tie 
Clea.ners removed .heir PCE machines after 7 yr of oper
ation, but because their machines were still operable 
when remo,•C'd, a life span of JS yr was as:mmed based on 
th e high end of industry estimates. TI1e cleaners sa,·e:d 
ben,i-een S 19 and 5222 pe.T month on equipment costs 
after S'l\itching to professional we.t cleaning. 

Maintenance Cost.s . According to industry estimates, 
maintenance and repair costs associated with operating 
PC£. dry dean machines are substantially higher than for 
profe:s.sion.a.l wet cleaning equiprnerlt.1<> This JS attribut
able, in parr, ro the fact that PCE dry d ean machines have 
become increasingly complex to comply with stringent 
en,.rironmenta] .!'egulations and need to be carefully main
rdined to stay in compliance. 

PCE m1d Hazardous Waste. The.re are a number of costs 
associated with the use of PCE solven t and the hazardous 
v,.a.ste and air emissions it produces, inducting: $0lvent, 
filters, hazardous waste disp-o5al, haz.ardous waste and 
materials licenses, and regulatory fees. After ~wi tching to 
professional wet deaning, each cleaner ~ve<l betwt:€'.n 
S222 and S318 pe.r month by eHrninating these costs. 

Utilities. After switching to professional wet deanlng, 
th.ree of the four cle.aners reduced monthly utility bills by 
between S30 and 5132. One cleaner's monthly utility bills 
increased by $26. All four of the cleaners roouced 
monthly electricity co nsumption, and three of the four 
cleaners recluced natural gas comumption. \Vater con
sumption increased at one cleaner antl det:reased at an
other. The two other cleaners' facilities we.re neither me
te.red n or billed for water consumption, and any change 
in consumption levels had no fimandal impact .. 
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296 
3ol 
430 

72.70 
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365 
739 
185 
349 
410 

23.4 
21 .5 
n.a. 
n..a. 

22.45 
5.51 

P> 0.5 

t7.9 
29 .. 5 
n.a. 
n.a 
23.7 

DeJ.ergent. Mon thly detergent costs increased after 5',;rch
ing ro professional wet clcarung .it each cleaner by be
tween $61 and $230. PCE dry cleaners typically u.se only 
a small arnount of detergent per load, whereas detergents 
play a much farger role in the professional ,,.-er cleaning 
pmceSs. 

Labor. ~one of the cleaners reported. an increase in labor 
co~ts after swHclting from PC£. dry deaning to profes
sional wet cleaning, although s,::,.reral cleanerS, 1eponed 
changes in labor t im e. San Clemente and Del \far Clean
ers re.portt>d that their pr.essers worked fewer hours after 
the switch to professi.onal wet cleaning and attributed this 
reduction to the effidency of the tensioning finishing 
equipment. The owner and operator of Rlad; ·ne Cleaners 
reported that after switching to profession al wet deaning 
it took him 4S m in longe1 per day to \~·ash and dry 
garments and that it took his presser 45 min longer per 
day m fmbh gannents. The presser was reporredlr reluc
tant to use the temioning fi.ni~hin,g equipment. Toe in
creased processing time did not result in an increase in the 
number of hours the presser worked at the facility, al
though he was busier during worldng hours. 

RcsOHl'Ce Use Evaluation 
Elearicity Conswn.ptfrm. Ele.<..iridty consumption was sig
nificantly lower after switching to professional wet clean
ing (P < 0.005). At each cJeaner evaluated, electridry use 
v.as reduced by between l 9% and 44% (fable J) . These TJ 

recluctiom were attributed to the removal of the PC!:. dry 
dean machines and wate,-cooling towers, which de
manded 1;nore power to operdte than the professional wet 
clean systems that rep laced them. For example, the PC£ 
dry dean machine at Eli's Airport was rated at 7.8 k\V of 
power, where,.as t he prnfe~~ional wet dean t\asher and 
drye r were rdtetl at a total of 3 tv,,r, The dcying pro= is 
panicularly energy intensive for PCE dJY deaning, be
cause regulations req\l ire that solvent vapors be recap
tured and reused . This is accompli.shetl by condensing the 
PCE vapors back intu liquid with the as:;ista:nce of a re
frigerdted condenser and cooling tower. 

X al11ral Gas Consumption. \iarura1 gas coil!>umption was 
not signi1icantly different after switching to p.ofes.s.ional 
u·et cleaning (P > 0.5). Three of the four cleaners experi
enced a reduction in nati.nal ga'> use (fable 3). At San 

Joomal of the Air & Waste Managemenl Assoc,a.•,on s 
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Clemente and Black fie, the Teductions were relatively 
modest (5%), but Eli's Airport Cleaners. cxper-iencec:! a J8% 
reduction. I Day Cleaners experienced an increase in nat
ura] gas use of 67 theuns per month, or 10%. The varia
tion is likely because oi differences in how each cleaner 
processed garments, in profes.sional wer deaning. Eli's Air
port wet deaned garmenb in th e afternoon, tumble(! the 
garments with no heat for 5 min,. an d air"driedover nigh,. 
The other three clei!Jle:rs (San Clemente, l Day, and Ellac.k 
·ne). often procBsro ilieir garments for same-day service, 
requiring heat from the dryer to remove the remaining 
moisn.ue, a practice that uses morG natural gas than air 
drying. l Day Cleaners dried each jacket on the tension
ing press for several minutes, wllich placed a particular]y 
high demand on the nat11.rdl gas boiler; the standard pro
gram for the tensioning presses, used by the other case 
study deaners, ts <30 sec. 

Wa:ta Consrrmplion. ·water data was available at only n'i"o 
facilities. \\'arer consumption was not significantly difier
ent after switching to professional wet cleaning (P > 0.5). 
At 1 Day Cleaners, water use increased. by 37% after 
swHching to professiona] wet cleaning. At Sau Clemente, 
however, " 'ater use deneased by 24% after the switch. 
This difference may be because of two factors. first, at l 
Dar Cleaners, the cooling tower fun had heen broken for 
> 1 }'T befme the cleaner sw"itching to professional we;r 
cleaning; the cooling tower fan asshts in the evaporation 
of water as a ml'alls of cooling the c.:lry clean machine. In 
addition, at J Day Cleaners, rnost wet dean programs 
were set at a medium w.'lter level, whereas at the other 
demonsrration sites, including San Clemente, a low water 
level was used. 

Owner Satisfaction 
All seYen of the cleaners considered switching to profes.
sional wet cleaning to be a good business Je<.ision and 
said they i,Tould. mate the same decision again .. W'hen 
a5ked whethe:r they would recomme11d professional. wet 
cleaning ro orher cleaners who needed to buy new deiln• 
ing equipment, all seven cleaners responded affirma
tively. With one exception, each grantee stated thar their 
overall level of satisfaction as a professional wer cleaner 
was equal to or high!i!r than their overall level of satisfac
tion as a PCE dry deane.r. A number of factors appear to 
underlie this high level of satisfaction. 

Camparabl~ Quality. Six of the seven d eaners ~tated that 
the quality of their deaning service was at 1 east as good a.~ 
the quality of their service as a dry cleaner; three stated 
that the quality \Nas betteJ became they now offe:r <.us• 
tomer:s a nontoxic and or odor-free ~rvicc. 

Freedom {;om Regulation. Five of th e cleaners mentioned 
being hee from regulations as one o f the reasons why they 
wouJd recommend wet cleaning to otJ1et cleaners. Four of 
the cleanel'5 exp~ relief that they no lo~er had to 
worry abour PCE regulations and or insurance issut>s.. 

S .Jooma/ ol ths Afr & Wa-s!a Management Association 

Table 4. Occurver.ce:s ol s)•mptoms associated with !'CE ex;i:osure. 

Cle:an&r Name Heada~he D'i:uiaes:s Run11r !tose· Fatl;:re ~sea 

Sa..1 Cii:imm v v y ' De '-'.!i!' y V 
;!Jl~WOOd V 
1 Day y v V' 
!Bi's Airport y y ,, 
8.aok Tie 

Brltf'l Health. Of the six cleaners who personaUy operated 
a PCE dry cleaning machine before converting to profes.
s1ona] wet cleaning, five reported experiencing one or 
more symptoms associated with PCE exposure when up• 
e.rating their dry cJe,m machines (Table 4). In addition to H 

the machine operntor~, the pressing staffs at n.,.o of the 
cleaners als,o experienced one or more of the5e ~ptoms. 
Since ~-witching to professional wet cleaning, these symp• 
toms have not reoccurred at any of the locations. The two 
cleaners experiencing the most symptoms had been in 
the dry cleaning b usitiess the longest and were operating 
me oldest equipment. 

00-SCLUSIONS 
Toe technical evaluat ion of cleaners S\'witching from PCE 
dry cleaning to prnfessiunal wet cleaning :.ho\\ ed profes.
sional wet cleaning to be a viable altemath·e to traditional 
dry cleaning. Environmental ly, professional wet cleaning 
proved to be an energy efficien t, nontoxic, zero~Illission 
tec.hnology that e1irninates hat.ardous air emissions, haz
ardous waste production , and the potential for soil and 
groundwater contaminat ion. Frnm a. performance stand
point, the deanerS who switc-hed to professional wet 
deaning ,verc 11ble to maintain their level of senrice and 
customer base while 1owering operating costs. The clean
ers in the study were able to transiUon to professional wer 
cleaning \\rithout a great degree of djffic-ulty and e.x-pressed 
a Itigh level of satisfaction as pmfes.sionaJ wet cleaners.. 

Although the results of this study indicate that pro
fessional wet deaning is a viable sub~Tirure for dry dean
ing, it is important to conside, the conditions. under 
which the cle.iners evalu ated in this study S\'.itcheo to 
professiona l wet cleaning. The Professional Wer Cleaning 
Demonstration Project was established to help jump ~tart 
this nontoxic technology in the grearer Los Angeles 1e
gion. lr is unlikely that tlle cleaners evaluated would have 
been a~ successful, or switched at a ll, withour the ex.is• 
te1.1cc of the demonstration project, which creatoo a num
be1 of condi.tions im1rnrtant to the suc«ss of their con
version. These conditions include the follon;ng: (1) an 
extens.ive outreach effort informing dry cleaners abou;: 
the capabilitie:; of professional wet cleaning; (2) the cre
ation of demonstration sites to ~rve as venues for wort
shops that allowed cleaners to observe and evaluate the 
t:eclmology first hanc!; (3) a grant program thai: provided 
financial and technit:al assistance for deaner5 to switch ro 
professional wet deaning ,mcl seTVe as demonstration 
sites; and (4) the development of relationships ¼'ith 
equipmem manufacturers, distributors, traine~, and in
:stallers who built a supporting infrastructure for profes,
sional wet cleanin,g in the region. 

Volume 57 ,Febru~ry 2007 



AQ;B 

AQ;C 

AQ:D 

ball2/25p-fawma/z5ip-jawrna/z5p00207 /z5p3035d07a I bailleym S = 6 I 12/6/06 j 11 :04 I Alt 05--002400 I L1put-jas I 
Sinsheimer et al. 

AC~O\\'l.EDGM]iNTS 
The authors express their gratitucte and appreciation to 
SCAQ¼D and tl1e California Wellness 1;oundation for 
providing the financial support for this project. 

REFER.IDlCES 
1. t-atio:nal ~ J.ruti11,11 e. F\i()l!j,_~y o f Tetra ch lorocthylcnc fo~ l'os5i.bk 

Qreiriogcriicily; In Carr:kmgmesis Tu-Jmimi &p,.,,l Seri~; 'Jtional 
Canror lnstiru~ Washi.ogro11, oc, JW7; p n . 

2. B.lai::, A.; Dt-coufl:>, I'.; Grauman, D. Causes of D<.-ach Among Laumh) 
~m1 DQ O ~.."!ning Workers: ,!.m. /. Public Ik"IU,, 1979, 69, 508-SH. 

3. So!et, D.; Rooms, :'.G.; Sampai.o, C. l't'rCt\ lOto.!l hylene P.xpa<s-ure -~ 
"'5Sm=r .-tnong Dry CL~ning Workers; Am. Ir,d. Hyg. A.,,,,,-. 1- 1990, 
51, 566-5,~. 

4 . Ruder, ,C\I.; Ward, E.M.: B.o.sn, D.l'. ~{ortil.li.t)· ill 1Jr)'•Clea:11ng 
Wo!kc.---s: i1D Vpda;,,; .-l.m, /, Ind, M¢. 2001 , J9, 121-132. 

5, ln,=a'tiOnal A.gerH)' for Re.~ear.:.h on C'.mccr. Tctrachl01oe-.!l.~1c:m, 
(Group 2.-',)-S.umrnaf}' o: Data Reponed aml Evalu~Uon; /ARC,: "'°''°" 
g,aph 1995, 63. 

6. CJ=Tn:Jm0lt)gie5 SubsJili,tes Asse.mneirt fi,r Profruior.11I fa/;ric1m: Pro
c~ U~ Eo, JOOmenla 1 Pmtectlon Agency. Design fort.lie Envirun
m,>nr: \\'..shlngton, DC, 1998,: 744-B,.98.{)01: pp S-Z-6--21. 

7. acan .-lli . .!i.e.: Semon llZ. 1990; pp l0J-549. 
S. Naficmll P"d>4nvd~ Ai, l,mli;.</Qn< Stm,dam< fer Dry Clrom,ig fa

dbnd; U.S. En~1mnmenral Protection -'\~~-n~-y: W~5hington, I.JC, 
1993:- .;o GR Pan 63, Sub;,art M, 

9, cailloma Air R.-sourres ilo3rd- 111, E""luaum, oftJ1e Bay Area AirQ,wt;· 
M<l.l"._ag.,,,..e,,r Dlslrla's A iT J>oiluzfon Com:roI Pragmm; Callrorni.lt Air Rt-
sources Board: Sa.c:-amento, CA, 1998, 

10. CondldinJ 0,,:J!U71irUJJ.ic,t 11.~~ssment W.w.1.- at Dqclermmg Sites; Stat<, 
C •. oo.bnon for the Rcmt:d.!adon of Dry Cka~ avail.ab!<: ~t: Jillp-./1 
·.i-.;w.J,;unmroalitioo.orgldq.,,•111Cadl=es~me,tt.pd( (a.:c,;,;~ed). 

11. S0\,1 h ~t Air Qu.3.llty Dlmtct. S&.1ff Rqmrt for Ru[~ l !02-Dry Ckann's 
(/.slng Sal',m. o:Ji~ TJ;an l'erchlorortliylmi:; South Coo.5-t Afr Qwt.lirr 
Dt5mct Ir..amond Ea:r, CA. 2000; PARllOZ-/iR, . 

l2. Sil~ DS Fact Sh«I; Silcmmt V, in Vryd!!llttlttg Appb"ca.titms; G..5. 
Envirorunt,utal l'rol<!('tion Agency, 2003, [PA/744-F-03-004; avmb!c 
at littp-./1» ~--..•£:PO-,&Od c,ppti1,rrftifi'l1'<tbs/gannmrldSf's.frtm (iit~~). 

Volume 57 February 2007 

13.. Y.2.lloy, :-.; Sinsheimer, 1'. l'o ll11 Uo11 Prevendon asa Rcgu!aroryTool ln 
California: ll,~ k i n.g T-la trlm and BuEd.lng Bridgi=;; CaJifunri,, f'()licy 
Oprums. 2002. 79-110.183-2-33. AQ; E 

H. Y.:oll<>y, T.: Si.nsbeimcr, I'. l1movatio11, ~gula1;on and the s.clec::ion 
Envi:-onmem:; Ru,(gcr5 .ww Rev. 2004, 57, 183-233. 

15. Wad-m)', D. Mmf1<--.,wlh1J St,rtl,tia. witlr Applica.ions; Wad>-..orth AQ, F 
Group: l'acHi,:- Grov~, CA, 2002: pp 612-613. 

16. Fish.,,, W . lntcmatiollill fa.brk,m, lni>titut-e, Tes1,mony. AJopr Saf<JT 
Ted>..m,1,m, Wid,out Losing Your S/rirt; Hmrin:, on H.R. 1303 !lefo,-~ the 
Sttbwmm. an Tax, Hlum(.t' uml tx[ll)rts of the ffause Camm. on Small 
8~~"), Jl'L}' 2:1.l, 2()1l0, Hl6th C.oni;:., 2nd Scss. 32..J.J. 

17. Po!lut!on l'revcntloo in the Gltrmtllt Care 1,1,,fo~ll'f' A=lr\8 the 
\ '12h1hr; of Professional Wet Cll'.'a1H1lg; UCI , \ /Oci:tdeota: Col.!cg,;:, CA .. 
m~ ~G 

About 1he Authors 
Peter' Sin.sheimer is lhe d irector o f the Polh .. ,lx;,n Prevoolion 
Center (Pr'C) of the Urben and Envi.roJ1.1MOtal Policy lnsli
tula al Occidental College in Los Angeles. Cyrus Gtoul is a 
res,;,m;h associate at PPG. Angela Namkoorig is lh~ ovt
reach co:ircfinato,- lo,- PPC. Bob Gottlieb Is a pro;essor oi 
Ultlan and Environmental Policy at Occicent:aJ Coli,ag~. 
Abid Latii was an Air Qua Ii ry Specialist a, tile SCAOMD and 
program officer tor the profes:sional v.·et Cle:atl.ng de:moo
slr'aliOn program . Mr.. Lauf passed away in 2004 . . Adc!1!!SS 
CQrr-espoooeoc.i to Peter Sinsheimer, Pollution Preverrtion 
Ec!ucation & Research Cen1er, Oocidenl:!.l College. 1~ 
Campus Rd., Los Angeles. CA 90041; phor.e: ~ 1-323-259-
T 420; fax; 1 1--323-259-2734; e.-mail: psjnshei@Oxy.edu. 


