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Executive Summary (22F)

This document has been prepared by the Occupational Safety and Health Administration
(OSHA) to help dry cleaning establishments reduce employee exposures to perchloroethylene
(also known as perc, tetrachloroethylene, C,Clsor CI,C=CCl,). The dry cleaning industry has
improved the control of perchloroethylene in recent years, and modern dry cleaning equipment
involves much lower exposures than older style equipment. However, there is still a need to
reduce employee exposure to the chemical to reduce any possible health effects that could result
from long-term exposure to the chemical.
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Many dry cleaning employers have found that equipment design, preventive maintenance,
control of leaks in equipment, proper ventilation, and good work practices can reduce perc
exposure to workers, reduce costs by recovering perc for reuse, help create a cleaner
environment, and help comply with federal and state environmental regulations. The document
is organized into the following sections:
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X.  Case Studies (At 2472)
Appendix A. Recommended Maintenance Schedule for Dry Cleaning Machines
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Appendix B. International Chemical Safety Card for Tetrachloroethylene
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This guidance document is not a standard or regulation, and it creates no new legal obligations.
The Bulletin is advisory in nature, informational in content, and is intended to assist employers
in providing a safe and healthful workplace. The Occupational Safety and Health Act requires
employers to comply with hazard-specific safety and health standards. In addition, pursuant to
Section 5(a)(1), the General Duty Clause of the Act, employers must provide their employees
with a workplace free from recognized hazards likely to cause death or serious physical harm.
Employers can be cited for violating the General Duty Clause if there is a recognized hazard and
they do not take reasonable steps to prevent or abate the hazard. However, failure to implement
these recommendations is not, in itself, a violation of the General Duty Clause. Citations can
only be based on standards, regulations, and the General Duty Clause.
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REDUCING WORKER EXPOSURE

TO PERCHLOROETHYLENE (PERC) IN DRY CLEANING

(MIEt 20X 2| 2tdxte| ol CHE &8 #H4)

I. Introduction (M )

Perchloroethylene (“perc”) has long been
recognized as an effective dry cleaning solvent
and today it is by far the most commonly used
solvent in dry cleaning shops. However, as a
volatile organic solvent, perc may pose serious
health hazards if exposure is not properly
controlled. Dry cleaning workers who routinely
breathe excessive amounts of the solvent vapor
or spill perc on their skin are at risk of
developing health problems.
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Special precautions are recommended to avoid
health risks from perc exposure. The purpose of
this guidance is to provide practical and
effective ways for dry cleaning operators to
reduce worker exposure to perc. The guidance
emphasizes reducing perc exposure through a
combination of using modern equipment and
preventive maintenance, control of leaks in dry
cleaning equipment, proper ventilation, and
good work practices.
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I1. Health Hazards (Z4Z 42| 2|&)

During dry cleaning, perc primarily enters the
body from inhalation of the vapors, potentially
resulting in the following health hazards:
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Dizziness, drowsiness, and loss of
coordination;

o1X|H3, £8, 2 S22 X5t

= Mild loss of memory, visual perception, and
reaction time after several years of exposure;
or =HAZtO| L E 2 QI5H 7|42, A|2F oY,
AR EF2 2 x5
= Redness and blistering of the skin after
prolonged dermal contact.
717t IRHECE QIft IR o] {F248HH
There is some evidence of an association
between perc and increased risk of certain
cancers in dry cleaning workers exposed for
many years. The National Institute for
Occupational Safety and Health (NIOSH) has
designated perc a “potential occupational
carcinogen.” The National Toxicology Program
has designated it as “reasonably anticipated to be
a human carcinogen.” The International Agency
for Research on Cancer (IARC) has designated
perc as a “probable human carcinogen.”
The possibility of these health hazards can be
minimized by reducing worker exposures to perc
vapor and by avoiding skin contact with perc.
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I11. Perc Exposure(239| = &)

Primary Sources of Perc Exposure
(HI =59 F2 M)

Dry cleaning employees may be exposed to perc
while performing both routine tasks and
machine maintenance. Activities that result in
elevated exposure include the following:
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= Loading dirty clothes into the machine
(when perc-contaminated air is displaced

and forced out of the machine); ME 22
Z|Alol S2m(EI o 2L¥E 377t Ch7]
gfo 2 Li21m)

= Removing clothes, especially thick items,
before the drying cycle is finished,
MIEtatHo| ZLEZ| ™, £l FTHR MEES
b pak=igin

= For transfer machines, transferring solvent-
laden clothes into the dryer;
EMAT HAO| FR £HETIE2 RS
cetoloi2 g4

= Cleaning lint and button traps; 2 EQ HE
E#MS HLE

= Raking out the still (distillation unit

residue); 37712 FE=S oM

= Changing the solvent filter; £H E ZE
mka-igin
= Maintenance of water separator; and
£ 22718 #=2lst Hu
= Handling and storage of hazardous waste.
H7|E& MElstHL E2he

Machine Fugitive Emissions
(EXEIX] 42 &EfolA HiEE)

Uncontrolled emissions, so-called “fugitive
emissions,” from dry cleaning machines can also
expose workers to high levels of perc. These
include:

MEZIAM SMEIX| 2t 2 dEfz HiZo| Zi
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= Perc emissions not captured by vapor
recovery and thus released when the loading
door is opened or through the vent; and

713t MM Z7|of ZEE|X] f2 HI3 ol HiE T}
Z|H 20| FHSM W37t BHE E|HL
THE Sl &2

= Perc emissions from leaks in machines,
hoses, valves, and ducts. A, @i HE S
227t Mo{ 37t +&EM

Secondary Sources of Perc Exposure
(HIIHoE W7l L EE 4 Q= |A)

Other possible sources of perc exposure not
directly associated with the dry cleaning
equipment include:

MEZ|A7t ot CHEROIM HAT &8 =
A= R othet Zoh.

= Pressing freshly dry cleaned clothes; HF2
MEHE MEE9| Z8A ot ™

= Using a perc-based spotting agent; and
a7t g RE MAME 0|8 ALl



= Using a perc-based waterproofing agent.*
It gaE g A

IV. Current Regulations and Recommendations
(BMel 778 HIALE)

OSHA has set mandatory permissible exposure
limits (PELS) for perc, presented in Table 1.
This table also lists perc exposure limits
recommended by other safety and health
organizations.

AAEZA MMM 90| |2 L ETV|ES
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Table 1. Worker Exposure Limits
for Perchloroethylene

(Tetrachloroethylene) B39

& AR
Organization ~ 8-hour time- Other limits
7|g weighted average 7 |g} 7|=
(TWA) 8 A|Zt2|
Bz
Ceiling: 200 ppm
(for 5 mins. in any
3-hr. period), with a
OSHA o maximum peak of
(mandatory) Permissible 300 ppm
AboiE 74 Exposure Limit 3 AlZHSof

(PEL): 100 parts
per million (ppm) 5 &S0t
ALEh HE8 7|E %

100 ppm

HHFH(LF
200ppm 2 E1+ x|
2rotof stH, &1
300ppm 2

Z et o

Short-term exposure

ACGIH Threshold Limit ~ limit (STEL):
(voluntary) ~Value (TLV): 100 ppm (as a 15-
Ol AFod 25 ppm min. TWA) & 7|
274% ol 2°ﬂ“' =78
ppm 100ppm(15 £ 7+
HE oEVIE
NIOSH Potential
=zz|azxt  Occupational
_ Carcinogen;

UzZe=z Minimize
A A workplace

exposure

concentrations.

Other OSHA standards that may apply when
workers are exposed to perc include: Hazard
Communication (29 CFR 1910.1200); General
requirements for personal protective equipment
(29 CFR 1910.132); and Respiratory Protection
(29 CFR 1910.134).

rr

XS0/ HI EEHM HEE = U
Ct2a 2ot RAHEE(29 CFR

1910.1200); 7HRIE S &HH|o| UHt 7#3(29 CFR

1910.132); & 7| 2 % (29 CFR 1910.134).

! Use of perc-based spotting or waterproofing agents is not
current practice in the dry cleaning industry. However,
these operations are addressed in this document for those
few dry cleaning establishments that may continue to use
these products.

In addition to these worker exposure limits, dry
cleaning facilities must comply with EPA
regulations controlling the release of perc into
the environment — air, land, and water. EPA has
developed regulations that affect many aspects
of dry cleaning operations, including machine
operation and maintenance, building design and
ventilation, work practices, as well as perc
storage and disposal. There are also EPA
requirements on air monitoring for perc release,
record keeping, and perc use reporting. (For
further information on EPA regulations, see
Plain English Guide for Perc Cleaners, EPA,
2003.)
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V. Machine Design and Maintenance
(Z1AHe] dAIt R x| &2

Dry cleaning technology has evolved
substantially over the decades. The newer
machine designs (dry-to-dry, closed looped)
greatly reduce the amount of perc vapor released
into the air inside the shop as well as outdoors,
resulting in cost savings since more perc is
recovered for reuse, as well as safer working
conditions and a cleaner environment.
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The oldest type of dry cleaning machines —
transfer machines — can expose workers to high
amounts of perc, particularly during transfer of
solvent-laden clothing from washer to dryer.
Newer equipment (dry-to-dry machines) reduce
worker exposure by eliminating this transfer step
(clothes enter and exit the machine dry).
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The first dry-to-dry equipment, dry-to-dry
vented, exhausts residual solvent vapors either
directly outside or first through a perc vapor
recovery system. The present designs, dry-to-dry
closed loop machines, recirculate perc rather
than release it outdoors. The latest technology
incorporates a secondary vapor recovery system
on the dry-to-dry closed loop machines that
most effectively minimizes perc usage,
environmental releases, and worker exposure to
perc. Figure 1, below, illustrates the perc
exposure levels of machine operators associated
with the various dry cleaning machines.
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Figure 1. Perc Full-Shift Operator Exposure
by Machine Type
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Replacing equipment that wears out with
modern equipment can reduce exposures, Also,
routine machine maintenance combined with
detection and timely repair of identified leaks
can be extremely effective in controlling



airborne levels of perc vapor. (See the Case
Studies described in Section X.) The EPA
estimates that as much as 25 percent of solvent
emissions can be attributed to leaks. In addition
to creating unsafe airborne levels of perc, leaks
are wasteful and costly. Routine machine
maintenance needs to be performed to ensure
optimal operation of all components.
Appropriate personal protective equipment
(PPE) needs to be worn during maintenance
activities to ensure protection from perc hazards.
(See Section VII for more information on PPE.)
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Recommended machine maintenance activities
include the following:

(1A #X| Z2l= oteHet Zot.)
= Clean lint and button traps regularly to
prevent clogging of condensers and fans.
EIEQHEERE FIIM2 2 HASH0d
o

ZBIAIQH YA TS WRIE

= Rake out still daily. (Consider installing a
pump that allows residue to be pumped

directly to a safety can.) /7|2 Oi
FOo{HCHMITHZ |7 ZY 8o = Lz &=

UL & HEMX|E -Laziénl-)

= Change all filters as necessary.(EA| Z &

ZElE TAE)

= Desorb carbon adsorber before saturation
point. (EtAEE 7|7t Z5HE[7| o
EFEFAIZ)

= Adjust refrigerated condensers to ensure
proper temperature of drying air.(H&E2E 9
7138 71E X6tV 2l d2 SF7IE

=)
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= Maintain and repair exhaust fans.(H{Z 2

A recommended schedule of maintenance
activities is provided at the back of this booklet.
x|, ELpg|e Ho €S2 of A} SITof
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NEVER PERFORM MAINTENANCE WHILE DRY
CLEANING EQUIPMENT IS OPERATING. 7|H| &t S

S 23 E+E K YX

To control perc leaks from dry cleaning

equipment: Z|Ho|lM W3 It M= RS

o 7|R|5tod Ch& 2| =XIE F(&tCt

o Perform daily checks for leaks in door
gaskets, valves, hoses, pumps, tubing, and
piping connections. Look for liquid pools
and droplets on or around equipment.
Unusual solvent odor may indicate a vapor
leak (do not rely only on the sense of smell
for detecting leaks).
OHY 047t AZN WHE SA RE OOl
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e Replace gaskets before they become hard,




cracked, or worn.(7+AZ10| =S K| LY,
20| 7t7ALt B 7[™of| mete A

e Use a direct-reading air-monitoring device
(see Section VIII) to detect vapor leaks in
piping, exhaust ductwork, and associated

components. ItO|Z L} BHEHE,
LR Lo FES HASHZ| fI5H BAl elg
= AE S7IEHEIIE MEEX

e  Use perc-resistant seals and fittings
recommended by the manufacturer of the

machine. B H|MZYA 7t FH5H= B3
LiT Aol e LT E M8 A

e Repair leaks immediately. F+E5 € S Al
SRl A

VI. Ventilation ( &)

Adequate ventilation is essential for controlling
perc levels within the dry cleaning shop.
General ventilation, provided by equipment
such as overhead fans, is useful for reducing
heat and humidity and diluting perc levels. Such
ventilation can be designed to move the perc
vapors away from workers and customers while
continuously supplying clean, fresh air to the dry
cleaning area.
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Local exhaust ventilation (LEV) captures perc
vapor at the source of the release, removing the
vapor before it enters the air inside the shop.
Well-designed LEV may be provided where
perc exposure is highest, for example, at the
loading door. Newer dry cleaning equipment has
built-in LEV designed to prevent escape of
vapors during machine loading and unloading.
For machines without built-in LEV, an external

ventilation hood outside the machine door can
be installed to control vapors when the door is
open. (A study describing this method of control
is summarized in Case Study #5 in Section X.)
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OlH eHEEXI7I ez 7IH2l B2, 7IH T 04
gfofl ST X HIME M|, 2ol B2
H3Z7|E &+ & ACHOIH SHZE x|of CHEr
MY MM X AT 50 2|0 /UF)

Detailed information regarding desirable
configurations for general ventilation and LEV
as well as recommendations on exhaust fan
placement and capacity can be found in
pamphlets by the International Fabricare
Institute (IF1) (1989)% and NIOSH (1998)°.

VII. PPE, Work Practices, and Training
CHeIE=FH| e &8 U FH)

Personal protective equipment (PPE) —
including aprons, gloves, goggles, and
respirators approved for use with organic

21FI1. 1989. Reducing Vapor Exposure: OSHA
compliance. International Fabricare Institute.
Vol. 13, No. #5.

*NIOSH. 1998. Control of Exposure to
Perchloroethylene in Commercial Drycleaning.
NIOSH Hazard Controls. DHHS (NIOSH)
Publication No. 97-154.
http://www.cdc.gov/niosh/hc16.html
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chemicals — is used to help workers avoid perc
exposure. Workers must wear respirators
equipped with filters or cartridges specifically
designed for organic vapors when elevated
perc exposures are anticipated (29 CFR
1919.134). Tasks where elevated exposure may
occur include machine maintenance, filter
changes, waterproofing operations, and
loading/unloading machines (depending on the
equipment in use). Workers using transfer
machines may also need to wear chemical-
resistant aprons. Spotters can wear goggles,
chemical-resistant aprons, and gloves. Spill
cleanup workers always need to wear respirators
and gloves.

JHQI 2 S & H|- o x[of, &, =0+, a2|T
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Work Practices — Good work practices can
greatly minimize worker exposure to perc
vapors. For example, peak exposure levels can
be reduced by several hundred parts per million
simply by proper positioning of the worker’s
head and body during transfer operations. Other
important work practices to reduce perc
exposures are listed below.

Work Practice Tips for
Dry cleaning Operators

(SrdAlol ROIE SHUEZ

Do not load the machine past its
capacity. S O|& 9| ME S 5t K| et =Ct.
Do not open the machine door when the
cycle is running. Z7|A|17t S Al 22 LX|
ef=Ct.

Keep the machine door CLOSED as much
as possible. 16| 7|H 22 EeLt.

Do not "shortcut” the drying cycle by
removing garments from the machine

before the cycle is finished. MIEFO|

R E|7|70] 2 THLHZ| 2/3t0d
MIEtatd g EHESHK| o=t

Keep your head and face turned away from

the machine door and clothes when
removing solvent-laden clothes from the

washer. a7 | 2ZHE aHER M2 28
THE M HElet Y= 2 7172t R ZFH

el stk

Do not transfer perc to machines by hand

or with open buckets. Use a closed piping
system that connects directly to the

machine drum. 23 & £0|Lt HtFL|2
Z|A0l &7IX| t=Ct g4 An A|IARES
S8l 7|Hle] ==oi| D=t

WAIT until the machine and solvent are
cold before performing maintenance.

ZIHAS R ExA 4 1At £HET
‘AzE Eif 7HR| Z|CHEICH

Use spotting agents sparingly. AIt&!
MIXE LE5HH AHEEHTE.

Use perc-free spotting agents. @37}
gl ALE MAE AHE SO

Clean up perc spills immediately. (The
shop should have in place a plan for safely

responding to perc spills.) B3 & EXS Al

2 astch(Ea3+E2 oiblstod
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e Store containers of perc and perc wastes in
tightly sealed containers. 3.2t
H7|x2lES Y& 7|0 Eatstof Btot.

e Position your hand away from the door
when opening a transfer machine. EZHA 14

TIHE GAl EY £ S0l Hel St

Training — Dry cleaning employees need
training on how to protect themselves from the
hazards of perc (OSHA Hazard Communication
standard, 29 CFR 1910.1200). Employees
should be trained in proper work practices for all
of their expected tasks — operating and
maintaining machines, spotting, waterproofing,
housekeeping, and perc transfer and storage.
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Workers must be trained on the health hazards
and symptoms associated with perc exposure.
Workers should become familiar with Material
Safety Data Sheets (MSDS) and container labels
for perc (OSHA Hazard Communication
standard, 29 CFR 1910.1200). The International
Chemical Safety Card for perc can be found in
Appendix B of this publication to help with this
training.

&of CHsll w2 grofok ot ARt
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In addition, workers should be familiar with the
location and proper use of eyewash stations as

well as procedures for responding to first aid
emergencies, such as eye splashes and skin
contamination. OSHA requires employers to
train their employees about hazards and methods
to prevent exposure to chemicals used in the
workplace (OSHA Hazard Communication
standard, 29 CFR 1910.1200). Workers must
also be trained on the proper use of respirators
(Respiratory Protection standard, 29 CFR
1910.134).
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VIII. Perc Air Monitoring
(Ha ol 7| & AA

A variety of devices and instruments are
available to measure perc levels in the air.
Reasons for performing air monitoring include:

Ctet YHIt =77t CHY |4 el HasEE
Edst7|els 0|8 4 {UCh Ch7 |4 o

HasT & 5Yste Olf = ofeiet 2ok

To determine the perc exposure levels of

individual employees; 7H7i212]

a4 E Y7 28

= To identify sources of leaks in equipment;
and ¥H|S| = &I T etT| I8H

= To measure perc levels before and after

modifications to equipment or

Edst7| It

The type of air monitoring method used depends
on the purpose of the sampling, the technical
abilities of the person, who conducts the testing,



and the cost of the equipment. To determine the
perc exposures of individual workers, a sample
can be obtained by clipping a monitoring device
to the worker’s collar either with a battery-
powered pump or a simple monitoring badge.

O|HS RO s HIYH2 AMSH, HAME
st MEel 71X 53 X HAZ|7|el HIE SOl
ek et HUREe| Has &S
£743t7| sl M= 2t dxtel Zetoll BiE 2|7t
AE HIELL B8 HAIXIE 77lo{do] EHE
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The samples are then sent to a qualified
laboratory to analyze the perc concentration. The
results can be compared with the OSHA PEL
and other recommended exposure limits for perc
(listed in Table 1).

MES BASTE 2M57| 2ls K
Sojure MHAZ HUZICh BMELE 24k
518 7I1Z l9 blmstl Eick

For detecting equipment leaks and other
emissions, portable, direct-reading devices
provide either a visual/audible indication of a
leak or an instantaneous measurement of the
perc vapor concentration at the source of the
emission. These instruments vary in terms of
cost, accuracy, and ease of use.

39| FEO|LICHE HIES Yt FOi7t
HHSt D HEZ 22 & A= FHI|7} HZ =1
T2MFES dXlg s AL FEZ L0 HI
RS SYY + At olHE FYTIE
HIEO|Lt H&d A8YH Sofl whet chFstrt.

Two relatively inexpensive, easy to use leak-
detection devices are:
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= Small, hand-held refrigerant leak detectors
that indicate a perc leak by a visual and
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= Colorimetric detector tubes (used with

small, hand-operated pumps) that change
color depending on the perc vapor

concentration. AZ-AlE ZH AR H (A3 9|
FLOHEo| HE 2t Z 0| AE)E A MO
HalE W3+ ES AAEL

T
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More sophisticated types of direct reading
devices include infrared analyzers and
photoionization detectors that provide accurate
measurements of perc concentration, but are
more expensive and require technical expertise
to operate.
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IX. Assistance(X|g)

OSHA has a free consultation service for small
and medium-sized businesses with hazardous
operations. The service is confidential and
offers the expertise of qualified occupational
safety and health professionals to employers
who request advice and assistance. OSHA
consultation is available in all 50 States, the
District of Columbia, Guam, Puerto Rico, the
Northern Mariana Islands and the Virgin Islands.
Information on OSHA consultation services can
be found at:

| 950 74 ot HAED.C, H,
sot2lotLt 25, 22|l
CojAM 0|2 7tsslH AHMIEH HEE



otzHel ALO|EE & Z3HA|H EICH.
www.osha.gov/dcsp/smallbusiness/consult.html.

For assistance with perc monitoring, consult
your perc supplier's product stewardship
program or a professional dry cleaning
association, such as the International Fabricare
Institute. If you need the technical expertise of
an industrial hygienist, the American Industrial
Hygiene Association (AIHA) offers a listing of
qualified consultants at:

W3 - EHAS #Et

ZOoA HI EOHE| AL X[ MEFRES| 221
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http://www.aiha.org/ConsultantsConsumers/htm

I/consultantsclient.asp.

IX. Case Studies (At ©372)

Dry cleaning shop owners have numerous
options available for reducing the perc
exposures of their employees. The case studies
below describe the effectiveness of measures
such as installing relatively low-cost machine
retrofits, installing LEV, and performing routine
machine maintenance and leak detection.

MELAL FRI2 SUHUEO|HIAZRH LES
EU A of{YHol UCH of2Hel Atz
HTE a1 zEMelYYE EoiF =0 o47|0E
Hlu ™ M2 HIE2 2 7[H & =5t 7L,
BEYRIe dx|, a2|n F7|Mel 7|H HAtet
FEO{F FHo| ACt.

Case Study #1: Emission Control Retrofit —
Carbon Adsorber

At 217 #1: Bl L &8 7/ HX/Z Z/H
=
Installing a new carbon adsorber on a dry

cleaning machine reduced the perc exposures of
operators by 92 percent, according to a NIOSH

11

study. The 60-pound closed-loop carbon
adsorber was installed to remove residual perc
not collected by the existing refrigerated
condenser on the closed-loop, dry-to-dry
machine. The retrofit cost less than $5,000.

MEZ|AH ol EtAEET
NOISH Rt=2 0l 2|5t 3 =& 0| 92%7H X

UASCH HZEE7|2 £HEX| o LY
E2to| MEFZ|Hlof 60 It E | BFAEET|E
Mx|541 2 7HZ=H|E2 5,000 2 O|Eto|ct,

1§ Mz dx[E 32

Before the retrofit, the average perc exposure of
operators during the one-minute machine
loading and unloading process was 353 ppm.
After the carbon adsorber was installed, the
average exposure was 29 ppm, a reduction of
approximately 92 percent.

Case Study #2: Emission Control Retrofit —
Refrigerated Condenser

AL 917 w2 HZt2F7( 4=

oTTOoO 77

A NIOSH study found that perc exposures of
dry cleaning machine operators were reduced by
60 percent after a refrigerated condenser was
installed on a dry cleaning machine.

NIOSH At2 0| o|5tH HZ S F 7|7t dx|E F

o
3ol - 20| 60%=E LA EQC.

A 5-ton cooling capacity refrigerated condenser
was installed on a vented, dry-to-dry machine in
place of its original water-cooled condenser and
single-pass carbon adsorber. The retrofit cost
less than $5,000. Before the installation of the
refrigerated condenser, the average perc
exposure of machine operators during the one-
minute machine loading and unloading phase
was 1,139 ppm. After the retrofit, the average
exposure was 456 ppm, a reduction of about 60


http://www.aiha.org/ConsultantsConsumers/html/consultantsclient.asp
http://www.aiha.org/ConsultantsConsumers/html/consultantsclient.asp

percent. NIOSH cautioned that only dry cleaning
machines in good repair with few leaks should
be considered for retrofitting. Although this
technology significantly reduced perc exposure
in this case, it does not eliminate it and
additional controls would be needed to achieve
further reductions.

Sl A AL BB A E AT (T MR E
7IHE s ESEQ HUASEIIZ M=E
Mx|stA2m H|E2 5,000 = O/eto|ct
HLAZSET| Hx(M 1 27| WelE E ot
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O|Z0ll= 60%7F Z A El 456 ppm 2 2 ZE A E|RACH
Ol 7|H|e| B2 +Z0| i1 Z7IH &EfTt
ZOolokEF JHEE & =+ UCIT NOISH = F2o|E
E7|AIZ7| QICt Ol BRof 3ol +EFO|
HASUARIC S FES HA57| M=
F7HMQl SME X7t Zestotn TrEtot

Case Study #3: Gasket Leak — Detection and
Repair

A2 PIT43: AR - ZAY
Repairing a leaking gasket on a dry cleaning
machine resulted in a full-shift perc exposure
reduction of 22 ppm, according to a NIOSH
study of retrofit emission controls (described
further in Case Study #2). The gasket at the rear
of the machine being retrofitted with a new
refrigerated condenser sprung a leak during the
installation. Before the retrofit, TWA perc
concentrations averaged 47 ppm. Measurements
taken after the leak was fixed resulted in an
average perc exposure of 25 ppm.
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Case Study #4: Distillation Unit Leak —

Detection and Repair
Atel AP ua: SR F5- HAS B
During the LEV evaluation (described in Case
Study #5), NIOSH noted that the full-shift perc
exposures of machine operators were up to four
times higher on the day when the distillation unit
was operating (about 20 ppm vs. 5 ppm when
the unit was turned off). These elevated readings
led to the identification and repair of a leak in
the distillation system. If perc monitoring had
not been conducted, the leak might not have
been detected. This study underscores the
importance of routine perc air monitoring to
identify and repair equipment leaks.

EEE x| W77 (7S eH(AtEiH5 of S H)
HAAIZE EYRto| Mg EHITE SF 7|7}
=D Q2o HlmEtod 4 HY7F B7tEHE
Hoz L} |'5&'CE|'(20ppm o Z3F717H THA
QIS ol 5ppm HIm). O|H W3- 0| 7=
B7719 F % of CHE QlAln Ha~ BHEIE
QUIAISHA| SHRACH BFof T3 HAL7E A K]

St =CtH FE0{8 7}t &QIE|X| eti=Ct. O] ZME
HHlol FE0{REClN B+ E 2l5t0{ Ha
CEZQMO FME CHA| Z T AUrt

Case Study #5: Local Exhaust Ventilation
Ate] o1 #5. BtEE X/

A NIOSH study showed that installation of a
simple, inexpensive LEV system was effective
in reducing average full-shift TWA perc
exposures of machine operators by 37 percent.

NIOSH Z=AFo| o|5FH ZHEFSE T K245+
EEEXI7I EHAAA ’%*?;.MQI 8 AIZHEZR
oL E2S 37%K| ZEAA|ZICtD
LFEFLF T QCH,



Before the LEV installation, the average full-
shift perc exposure was 4.7 ppm. The 12-year-
old dry cleaning machine was a dry-to-dry,
closed-loop design with a 50-pound capacity.
The LEV system, including fabrication,
installation, and electric wiring, was installed for
$2,560. The LEV was positioned directly above
the dry cleaning machine door and exhausted air
from in front of the door only when the door was
opened. The average perc exposure was reduced
by about 37 percent, to 3.0 ppm, after the LEV
installation.

=
T EFE2 4.7ppm O|RACH 12 AEI 50 TR E
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Appendix A. Recommended Maintenance Schedule for Dry Cleaning Machines
(B8 A MEZIHL 2Eled)

Daily Maintenance Tasks(& & & ZAA

0%

)

YV V V VY

Clean button trap strainer and lint bag. HHE EZ{o41} 7|2}
Dispose of contaminated water from the water separator.
Desorb the carbon adsorber. EtAE2H7|& AL

Rake out the still of the distillation unit (or weekly as needed). &/ 7| ®|7H7|E Fo{HLC}.

Weekly Maintenance Tasks* (FZF ZALEH

>

Check door seatings and gaskets of machine cylinder for liquid and vapor leaks.Z7|7| 2| AZI 9]
7t 700 ZofA|=lo| = EX= 0| U= K| HALECH

Check the button trap for lid leaks.HHE E & S740| AHE= K| ZAFStC}

Launder the lint bag. 2IE S A FtCt

Check seals and gaskets of the refrigerated condenser’s diverter valve, distillation unit, filters,
filter housings, and muck cooker for liquid and vapor leaks. dZt8%7|o| FMetee 57 7|, EE,
ZE &t %, 22l1 HFE 7ol £ 0| U= K| AAtEtCE.

Rake out the still of the distillation unit (or daily as needed). & 7| ®I7H7|& Zo{iHC}.

Clean the separator tank of the water separator and perform leak checks. 2 2217|2| 223 E
Hastn MeX| {2 E HAFSHCH

Measure the exhaust temperature of the refrigerated condenser. ' dZtSE7[o| HIER T E
st

Measure perc in the exhaust system. HIE & x|o| 3 & FHtCh.

Perform leak checks on hose and pipe connections, fittings, couplings, and valves. A I}O|=

AEF 2|, o|SM, 7HER A WEF L7t MEX| AL

Monthly Maintenance Tasks (247 2 ZAIEh

>

>

Check the exhaust damper (vented machines) for liquid and vapor leaks.HiE R o| +&0{E &
AArgtct.

Check for lint buildup on the heating and condensing coils and refrigerated condenser
coils.5|2 2 M T U LA SEF7| ZUo| EBIEXEIS HASHCL.

Check for leaks in the ductwork of the lint trap and carbon adsorber. 2l EEZ 2 EtAF 27| 9|
T &S dASCH

Check for lint buildup on the temperature probe of the lint trap. Z EERS| 2L H|o| ZIEX RS
HALgtct.
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> Clean the vent of the water separator. 22 2(7|2| +HS HA .

Semi-Annual Maintenance Tasks (6 7H2dZF ZZAALEh

o

» Clean the muck cooker’s steam and condensation coils. H27{o| AE|Tl 25322 HA S}

- =

Annual Maintenance Tasks (7 ZZAHEh

> Clean the heating/condensing and refrigerated condenser coils.5|8/S& & 'zt ZAHIM 2 US

Ao

0

Other (ZIEhH

> Clean and change filters according to the manufacturer’s schedule. Ar& At X| &Moo et ZEE
wE HAC}

*Note: The EPA requires weekly leak detection and repair for large dry cleaners and bimonthly leak detection and repair for
small dry cleaners. The type of machine (dry-to-dry or transfer) and the amount of perc purchased each year determines whether

a dry cleaner is large or small. Refer to the Plain English Guide for Perc Dry Cleaners for details & 1: Q1#f gt ZEH 2

- O -
UL AR FELAMG ES-E UFUHRR QF 50, A8ULO| AR 2F HRZR SIEF 275t CH
MEZ|H el SRt Wao|Toiol el PATICHE, Aoz Frdg|o] T KIMISH AFE 2 =3 MIEFd Aol CHE
MHEME 2 =5H7] " (http://www.epa.gov/opptintr/dfe/pubs/garment/perc/).

=
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Appendix B. International Chemical Safety Card for Tetrachloroethylene
£ B. H3oll cHet =X 3tefE A E

The following International Chemical Safety Card (ICSC) for tetrachloroethylene was published in 2000.
The ICSCs project is an undertaking of the International Programme on Chemical Safety (IPCS). The
project is being developed in cooperation between the IPCS and the Commission of the European
Communities. The IPCS is a joint activity of three cooperating international organizations: the United
Nations Environment Programme (UNEP), the International Labour Office (ILO) and the World Health
Organization (WHO). The main objective of the IPCS is to carry out and disseminate evaluations of the
hazards posed by chemicals to human health and the environment.

H30f Ciet SAEEE HHEE 2,000 Ao EZHZ|RUCH ICSC 2| Z2ME & 3tstE o] CHE =K

7|T(IPCS) 2| ArdZto|ct O] ZZME &= IPCS of RHAY 2 =|7e| HHo =2 THEIUCH IPCS £

3702 SX7|7 ol FRistol OlF 01 x| UEC: FA #ZZ2 I3 =ML S7|7, J2|7 WHO olct,
S [eX]

IPCS o] F2ItME Faligt 3ttE & ol QIAl|er #-E0 DIx|l= S&of Chsll 7 ZALE st AT

ICSC cards summarize essential health and safety information on chemicals for their use at the shop floor
level by workers and employers. Cards are available for over 1,300 chemicals, and they are provided in
several languages, including English, Korean, Spanish, Russian, French, German, Japanese and Chinese.

ICSC 2| = MUF HYMEHEH cEXI= HUREL A2 H o2 e AL E 295t QU
TEE=1,3000iF 23 et 2 Eof CHal HEE MS3t

Jofet=0{, AW 2lo],2{Alotof, E 0, FU0{, LE0{,FF0{Z MBS UCH

To access the most recent ICSC card for perc, to locate the perc card in another language, or to find the card for
another chemical, access the NIOSH Internet site at: 30l CH$t 2|22 AI2E 2T Al7{L} C}E g &HE Zof

CHet HE & 51Xl & A ol AFO|EE &M X5t EIC} http://www.cdc.gov/niosh/ipcsneng/neng0076.html.
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International Chemical Safety Cards

TETRACHLOROETHYLENE 1Coc: 06
(HEZIZEHo| & H3)
National institute for
Oocprational Satety and Health
1,1,2,2-Tetrachloroethylene
Perchloroethylene
Tetrachloroethene
C2C|4 / ClgC:CCIQ
Molecular mass: 165.8
ICSC# 0076
CAS# 127-18-4
RTECS # KX3850000
UN # 1897
EC# 602-028-00-4
TYPES OF HAZARD/ ACUTE HAZARDS/ SYMPTOMS PREVENTION FIRST AID/
EXPOSURE (Rl L B4 (A= Z=x|AFE FIRE FIGHTING (82%{x|23)

Not combustible. Gives off irritating
or toxic fumes (or gases) in a fire.
(H|..L4_/.\_,§|-XHA| EIM A2 MHAHT|E

= o,
LHE =)

In case of fire in the surroundings:
all extinguishing agents allowed.

GHRIAl ZE £3817| AFRTLS)

STRICT HYGIENE!
PREVENT GENERATION OF

MISTS! (1484 25,

ng d4ds| 27

e

Nau
unc

Dizziness. Drowsiness. Headache.

HAHE AMDHEER QAL

sea. Weakness.
onsciousness.(01X|H=2, E8,F &,
A

)

Ventilation, local
exhaust, or breathing

protection. (B+Z AlA,
SENE
O| =

£ 5 &HH|)

Fresh air, rest. Artificial
respiration if indicated. Refer for
medical attention.

(A7 FA EHRA
RIZ& &, ot Tl &)

.Dry

skin. Redness.(74 |8, 5&F)

Protective gloves. Protective
clothing. (24, 71 22 E3)

Remove contaminated clothes.
Rinse and then wash skin with

water and soap. (2™ E 2
M7stD, 20 HFR E2
IR E M=)

Red

ness. Pain. (B8 E. 83)

Safety goggles, face shield.
(E= o4, etH7tE|7H)

First rinse with plenty of water
for several minutes (remove
contact lenses if easily possible),

then take to a doctor. (XS B2
EZ $EZ

HIz{stch

SHEHE
m =

EHXE T
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O|Atof| Al ZtCh

Abdominal pain (further see Do not eat, drink, or smoke Rinse mouth. Do NOT induce
Inhalation). during work. (Et4% 7L}, vomiting. Give plenty of water to
EHEE S0 =t i |12 3
“INGESTION (&7 (58 SHU8Hx) OFAIZALE, S T x| ebischy drink. Rest (US 20
EsStEdD AZ=5tX| et=Ch 22
pfol obdlct & AIE #|8Hoh)
SPILLAGE DISPOSAL (M A= m A7) STORAGE (7)) PACKAGING & LABELLING
Ventilation. Collect leaking and spilled Separated from metals ( see Chemical Do not transport with food and feedstuffs.
liquid in sealable containers as far as Dangers ), food and feedstuffs . Keep in Marine pollutant. 2A10|L} OHRASEE
possible. Absorb remaining liquid in sand |the dark. Ventilation along the floor. o4 Jho| SHE=Lx| OF=Ch HoFxlSd
or inert absorbent and remove to safe Za=2sgE oy o}_T'_( FahRd 93 Ad HOleh 2Ol et E=Ch SHE A0
place. Do NOT let this chemical enter the |, = o . ol e G| m LS ob7IH
environment. (Extra personal protection: HE), BNOILL HHSEE HOIZTE Xn symbol
filter respirator for organic gases and Halgtch o{F 2R & *3P-T'- EHS N symbol
vapours). (3 st 2 AlZtLHof [hah A 27| A|ZICH R: 40-51/53
= S: (2-)23-36/37-61
LE=E 270 &2 HF W3 E Eolo
i Z1°4 - _x“ E3S Horop UN Hagzard Class: 6.1
eioh ZEfL 2 Y ESME HotE UN Packing Group: Il

SEE IMPORTANT INFORMATION ON BACK (B2 2 AIE 2 SIH &t X)

Prepared in the context of cooperation between the International Programme on Chemical Safety & the Commission of
ICSC: 0076 the European Communities (C) IPCS CEC 2001. No modifications to the International version have been made except to
add the OSHA PELs, NIOSH RELs and NIOSH IDLH values.
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International Chemical Safety Cards

TETRACHLOROETHYLENE s oore
(EIECtE2 2ol 2R H3)

PHYSICAL STATE; APPEARANCE: ROUTES OF EXPOSURE(:r EZE):
COLOURLESS LIQUID , WITH
CHARACTERISTIC ODOUR.

(SEIM §d; 2zt F A AR, 5t HAK)

The substance can be absorbed into the body by
inhalation and by ingestion. & &l0|Lt MF =

PHYSICAL DANGERS: lstod Qlofl &2 + Qlch

The vapour is heavier than air.

(B21d 28N 27120 2H8) INHALATION RISK (& &l {I&4):
CHEMICAL DANGERS: A harmful contamination of the air will be

On contact with hot surfaces or flames this reached rather slowly on evaporation of this
substance decomposes forming toxic and substance at 20°C. (SHE2 CH7 |2 P& El= MM

corrosive fumes (hydrogen chloride, phosgene, - - -
chlorine). The substance decomposes slowly on 20 oM H 30l ol et 2312 MAs| =E
contact with moisture producing trichloroacetic & %d%)

acid and hydrochloric acid. Reacts with metals

such as aluminium, lithium, barium, beryllium.  EFFECTS OF SHORT-TERM

(Btet™ 93 72 EHOIL A7 |HHEEM  EXpOSURE(EHZ| & Al WE:
K55t 2AMH AVIE The substance irritates the eyes, the skin and the
EalE (e sA A AN 577 UE respiratory tract. Swallowing the liquid may

- - . _,, cause aspiration into the lungs with the risk of
EEEZ22 2t Aste A0 HEFTEM BHE. homical pneumonitis. The substance may cause
¢ 205,25 HE HEES 22 F50 effects on the central nervous system. Exposure
2 stC) at high levels may result in unconsciousness.
OCCUPATIONAL EXPOSURE (=I5 25782 A3stct H3 E 4ZA M2
LIMITS: A} & 52 7|F Szl HEHE FUE £ Ut
TLV: 25 ppm; RET(STEL): 100 ppm; (ACGIH &F437|gol IS 0|E = An oFe
1999). MEFAl oA EHS ok7 |7 + 2lCh
OSHA PEL: TWA 100 ppm C 200 ppm 300 ppm
(5-minute maximum peak in any 3-hours) EEFECTS OF LONG-TERM OR

NIOSH REL: Ca Minimize workplace exposure ~ ,
concentrations. See Appendix A REPEATED EXPOSURE(E7| =& Al )

NIOSH IDLH: Potential occupational carcinogen Repeated or prolonged contact with skin may
150 ppm cause dermatitis. The substance may have effects
on the liver and kidneys. This substance is

probably carcinogenic to humans. (F7|52 2
I 2o —EAl IR Ye FYstT Zto|Lt Ao
3

I 0/E = AUCk Al Y 7t5Y)

Boiling point(H|S7): 121°C Vapour pressure, kPa at 20°C(AM| 20 T ol M 2|

Melting point(&3iH): -22°C chzieh): 1.9
Relative density (HI&)(water = 1): 1.6 Relative vapour density (air = 1): 5.8

Relative density of the vapour/air-mixture at
20°C (air =1): 1.09
Octanol/water partition coefficient as log Pow:2.9

Solubility in water, g/100 ml at
20°C(AdMl 20 = A EfOI A 8 4): 0.015

The substance is toxic to aquatic organisms. The substance may cause long-term effects in
he aquatic environment. (0| E&2 M5S0l 5342 O|xIH 7|2t =EA| =Xt&of

g o/zloh

NOTES (F4)

Depending on the degree of exposure, periodic medical examinafi8n is indicated. The odour warning when the exposure limit value
is exceeded is insufficient. Do NOT use in the vicinity of a fire or a hot surface, or during welding. An added stabilizer or inhibitor

can influence the toxicological properties of this substance, consult an expert.(.=Z 2| Mol a2t F7|%0l o|z AFlo| E5lH,
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IMPORTANT
LEGAL

Neither NIOSH, the CEC or the IPCS nor any person acting on behalf of NIOSH, the CEC or the IPCS is
responsible for the use which might be made of this information. This card contains the collective views
of the IPCS Peer Review Committee and may not reflect in all cases all the detailed requirements included
in national legislation on the subject. The user should verify compliance of the cards with the relevant
legislation in the country of use. The only modifications made to produce the U.S. version is inclusion of

NOTICE(FR2 HB™ |the OSHA PELs, NIOSH RELs and NIOSH IDLH values.( NIOSH,CEC,IPCS Lt 1 EAMA 7% 0| BE
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	Guidance and information for 
	 
	REDUCING WORKER EXPOSURE  
	TO PERCHLOROETHYLENE (PERC) IN DRY CLEANING  
	Occupational Safety and Health Administration 
	12-09-2004 
	 
	 
	 
	Prepared with Cooperation from 
	The Korean-American Cleaners Association of N.J. 
	 
	 
	 
	Executive Summary (요약) 
	 
	 
	This document has been prepared by the Occupational Safety and Health Administration (OSHA) to help dry cleaning establishments reduce employee exposures to perchloroethylene (also known as perc,  tetrachloroethylene, C2Cl4 or Cl2C=CCl2).  The dry cleaning industry has improved the control of perchloroethylene in recent years, and modern dry cleaning equipment involves much lower exposures than older style equipment.  However, there is still a need to reduce employee exposure to the chemical to reduce any possible health effects that could result from long-term exposure to the chemical. 
	 
	 
	 
	REDUCING WORKER EXPOSURE  
	TO PERCHLOROETHYLENE (PERC) IN DRY CLEANING  
	 
	Secondary Sources of Perc Exposure (부가적으로 펄크가 노출될 수 있는 원천) 
	 
	 
	 
	 
	 
	Table 1. Worker Exposure Limits  
	for Perchloroethylene (Tetrachloroethylene) 펄크의 노출 한계치 
	Organization 

	V.  Machine Design and Maintenance 
	 
	VI. Ventilation ( 환풍) 

	 
	일반적 환풍시설과 배출흡수장치는 물론 홴의 위치와 용량에 대한 자세한 정보는 IFI와 NIOSH가 발행한 팜플랫에 있다. 
	VII. PPE, Work Practices, and Training  
	 
	개인 보호장비- 앞치마, 장갑, 눈안경, 그리고 화학물질에 내구성이 있도록 제작 승인된 방독면은 작업자가 펄크에 노출되는 것을 줄일 수 있다. 작업자는 펄크노출 가능성이 클때 공기정화 기능을 갖도록 고안된 필터나 카트리지가 있는 방독면을 착용해야 한다. 펄크 노출이 예상되는 작업은 기계의 유지 보수, 필터 교환, 방수작업, 기계의 설치 및 해체(사용되는 장비에 따라 상이함)등이다. 트랜스퍼 기계를 사용하는 작업자는 화학물질을 견딜 수 있는 앞치마를 사용해야 한다. 스파팅시에 눈안경, 앞치마, 장갑을 착용한다. 바닥에 흘린 것을 청소시는 방독면과 장갑을 착용한다.     
	 
	Work Practices – Good work practices can greatly minimize worker exposure to perc vapors.  For example, peak exposure levels can be reduced by several hundred parts per million simply by proper positioning of the worker’s head and body during transfer operations. Other important work practices to reduce perc exposures are listed below.   

	 
	추가로 작업자는 펄크가 눈에 들어가거나 피부 감염과 같은사항시 처치요령은 물론 적절하게 눈을 닦는 방법등에 대해 숙지되어야 한다. 오샤는 고용주로 하여금 사업장에서 사용되는 화학물질에 노출되는 것을 예방하는 방법과 물질의 위험성을 종업원에게 교육 시켜야 한다.(오샤 Haz Com기준). 작업자는 방독면의 취급방법을 교육 받아야 한다(방독면 처리 지침)     
	 
	VIII. Perc Air Monitoring  
	(펄크의 대기노출 검사) 
	 
	더욱 복잡한 측정기로는 적외선 측정기와 광선 측정기가 있는데 이는 정확한 펄크의 누출량을 측정할 수 있으나 비용이 비싸고 작동에 기술적 전문성이 요구된다. 

	Dry cleaning shop owners have numerous options available for reducing the perc exposures of their employees. The case studies below describe the effectiveness of measures such as installing relatively low-cost machine retrofits, installing LEV, and performing routine machine maintenance and leak detection. 
	 
	세탁업소  주인은 종업원들이 펄크로부터 노출을 줄일수 있는 여러방법이 있다. 아래의 사례 연구는 그 효율적인 방법을 보여주는데 여기에는 비교적 적은 비용으로 기계를 개조하거나, 환풍장치의 설치, 그리고 주기적인 기계 검사와 누출여부 측정이 있다.  
	Case Study #5: Local Exhaust Ventilation  
	사례 연구 #5: 환풍장치 
	Weekly Maintenance Tasks* (주간 점검사항) 
	Other (기타) 
	International Chemical Safety Cards  
	International Chemical Safety Cards  


