; This Survey Report and any recommendations made herein are for the specific facility evaluated and may not be universally applicable. Any
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EXECUTIVE SUMMARY

A study was conducted at Brown’s Cleaners in Santa Monica, California, to
evaluate control of worker exposure to perchloroethylene (PERC) and provide
recommendations to reduce exposure Dry cleaning in this shop was done using
two Boewe Passat® machines  One machine was a Model P5S46, 46-pound dry-to-dry
machine The other machine was a Model P336, 36-pound dry-to-dry machine

Both machines had an integrated, refrigerzted condenser in series, with a
carbon absorber to recover PERC vapors during the dry cycle  These machines
were designed to lower the PERC concentration im the cylinder at the end of
the dry cycle to below 290 ppm  This was accomplished using a single beam
infrared photometer to continuously monitor the PERC concentration in the
machine cylinder and a carbon adsorption sSystem using spherical beads of
activated carbon to rapidly capture PERC in the airstream An interleck on
the machine door prevented opening until the PERC concentration in the
cylinder was heiow 290 ppm  Seclvent distillation was accomplished by a dewace
that required st1ll raking only once ewvery three weeks  Durdng the busiest
days, approximately exzght loads of clothing were processed in each machine

There were sixteen employees at this shop Two workers were sampled the
machine operator and & presser All of the personal samples were well below
25 ppm time-weighted average (TWA) The operator of the machine had the
highest exposure to PERC, which ranged from 0 31 to 4 9 ppm TWA on various
days The bulk of exposure to PERC resulted from loading and unleoading the
machine and performing machine mailntenance On the final day of sampling, the
operator was exposed to approximately 12 ppm during a twa-hour peried and

4 9 ppm full-shift TWA  All presser samples were at or below the limit of
detecticn PERC off-gassing from the clothing was neglipgible PERC
originating from the machine was 1szolated from other areas of the zhop using
effective ventilation and barriers

Real-time monitoring showed that the most signlficant source of daily exposure
to the operator occurred during unloading/loading the machines, where
concentrations peaked near 160 ppm  During most of the cycles, average PERC
exposure while unloading the wachine was higher than the average PERC exposure
while loading Likewise, the total dose was usually higher during unloading
the machines than loading, on average for both machines 466 ppm*se¢ Versus
G0l ppm*sec  BRelatively signaficant expeosures occurred while loading the
machine during the first cycle of the day The TWA exposure to the operator
while cleaning both stills was approximately 68 2 ppm and while c¢leaning both
lint traps was 28 8 ppm The highest daily maintenance exposute occurred
while cleaning the Model 548 lint trap and peaked near 160 ppm  Both machines
wetre extremely effective at recovering solvent from the garments  The total
guantity of PERC off-gassed from the test swatch, cleaned in the 46-pound
machine, was 161 ppm*sec or 1 34 x 10° ug PERC/Kg cloth The total gquantity
of PERC coff-gassed from the test swatch, cleaned in the 36-pound machine, was
346 ppm*sec or 2 89 x 10° pg PERC/Eg cloth The average PERC concentration
was less than 2 ppm

Controls at Brown's Cleaners were excellent and mailntained exposures well

below 25 ppm, which 15 the concentration limit that 0SHA encourages dry
¢leaners to follow  NIOSH recommends controlling PERC to the lowest feasible
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limit  There 18 nothing that Brown’s Cleaners is required to do to further
reduce exposures  However, expoSutes while loading the machine could be
further reduced by ensuring that the purge cycle runs immediately prior to the
machine doors being opened or by making minor design changes Use of personal
protective equipment during machine malntenance was very good Chemical
splash goggles and proper protective gloves should be used during spotting to
reduce dermal exposure tco hazardous chemicals
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INTRODUCTTION

The Engineering Control Technology Branch (ECTB), Division of Physical
Sciences and Engineering (DFSE), National Institute for Occupatiomal Safety
and Health (NIOSH), has undertaken a study of the dry cleaning industry to
update a 1980 NIOSH engineering control study of the industry' and provide dry-
cleaners with recommendations for practical control measurses based on current
technology {aee Appendix A) The focus of this study is to evaluate controls
for expasure to perchloroethylene (PERC), however, controls for ergonomic
hazards and exposures to chemicals used in the spotting process will be
evaluated on a more limited basis

Duting the Initial phase of the study, literature was reviewed te determine
areas 1n need of research Walk-through surveys were conducted to gain
famillarity with the industry and determine sites for future imn-depth studies
In-depth studies, lasting several days, are now being performed during which
quantitative data is c¢ollected Personal and area samples are obtained, and
real-time monitoring is conducted Detailed reports are heing written to
document all findings  These in-depth reports will be used to prepare
technical reports and journal articles that summarize the findings concerning
effective controls for occupational health hazards in the dry cleaning
industry

This report describes an in-depth study conducted at Brown’s Cleaners located
in Santa Monlca, California The primary purpose of this survey was to
evaluate contrecl of worker exposure to PERC from two enclosed, dry-to-dry
machines having a fully inteprated refrigerated condenser in series with a
cathbon absorber  Recommendations and cenclusions are provided

PLANT AND PROCESS DESCRIPTION
PLANT DESCRIPTION

Brown’s Cleaners, 8 large commercial dry cleaner located in Santa Monaica,
California, has been In business sinece the 19408  There are no "dry stores'
associated with Brown’s Cleamers, and all of the dry cleaning occcurs on the
premises  The shop was located i1n a stand-alone building, between a daycare
center and an elley  The shop layout 1s shown in Figure 1  The front of the
store faced the street and had one door for customers  The customer counter
was in the front of the shop There were several doors near the trear eof the
shop for workers, maintenance, and deliveries There was alsp one daor near
the rear of the shop for customers using the parking lot  There were two dry
cleaning machines in this shep, leocated near the front cf the store, a Boewe?®
Model 5336, 36-pound machaine and a Model 546, 46-pound wachine

When one stecd facing the front of the machines, the 36-pound machine was
located near the front wall of the building The 46-pound machine was locared
next to the 36-pound machine and a spotting station was located next to the
46-pound machine  Boath machines were situated on top of a safety trough to
provide pratection against a solvent leak reaching the ground or ground water
A vacuum extracticn system, consisting of a vacuum and probes which reach deep
inte the ground, was located near the dry cleaning machines This system was

1
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used to monitor, detect, and recycle any PERC that csuld potentially reach and
contaminate the 501l under the shop

Dry cleaned clothing was pressed in an area adjacent to the dry c¢leaning
machines, and laundered items were pressed near the rear of the building  Two
gas-fired bollers were located near the rear of the bullding and provided
steam to the presses and dry cleaning machines Several fans provided general
ventilarion for dilutiom and cooling

Pressed clothing was hung on a long, matorized clothing rack, which
transported elothing to a storage area cn the second floor Laundry and wet -
cleaning were done between the dry cleaning area and the restroom  An eyewash
was located near the restroom, and hazardous waste steorage barrels were
located outside the rear of the building & waste water disposal system was
also located in this area This waste water disposal system used a phase
separator to remove PERC from the machines' separator water and to Tecycle the
PERC to the dry cleaning machines  The remaining water was passed through
treated carbon to capture any remaining FERC The water was then distailled
Filters were disposed of monthly as hazardous waste

The shop cleaned between 2,400 and 3,000 pounds of cleothing per week On
Monday or Tuesday, the busiest days, eight 4(-pound loads of clothing and
eight 30-pound loads of clothing were cleaned Later in the week, there was
generally less c¢lothing to be cleaned  Hourly workers at this shop were not
unionized but participated in a profit-sharing program There were sixteen
hourly and two salarled employees Most employees worked 40 hours or more a
week  The shop was open for business from 7 00 am to 7 00 p m , Monday
through Friday and 8 00 a m to 6 00 pm on Saturday

PROCESS DESCRIPTION

Garments were brought to the customer counter and were examined and tagged for
1dentification Praor to being lcaded into the dry cleaning machine, garments
were inspected and sorted according to weight, color, and finish Garments
with visible, localized stalns were treated at the spotting station

Generally, one person operated the dry cleaning machines and performed any
spotting that was necessary Various chemicals were used depending on the
type of stain

S5tains rarely conslst of one single substance  The three general categories
of staine are water soluble, solvent soluble, and inscluble Each type of
stain requires approprlate spotting agents  Some of the chemleals and
chemical families that are frequently used for stain removal, in addition to
PERC, are the following other chlorinated scolvents, amyl acetate, petroleum
naphtha, oxalic acld, acetic acid, esters, ethers, ketones, dilute
hydrofluoric acid, hydreogen peroxide, and aqueocus ammenia Each of these
chemicals are used in small quantities

Most spotting chemicals used today are purchased from a cempany that supplies
proprietary products to the Industry At Brown's Cleanets, the spotting
agents were products from a varlety of companies, such as R R 3Streets, Caled,
Wilson, and Van Waters & Rogers Corporations The products used most
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frequently at this shop were POG®, Scramblood®, and a mixture of Picrin® and
Streetex® called "Two-in-one " POG® 1s & mixture of dlacetone alcohel,
perchloroecthylene, aromatic 100, crthedichlorebenzene, and pale oil
Scramblood® contains isopropyl alcchol and triethanol amine  Pilcrin® is
primarily 1,l,1-trichlorcethane Streetex?® 18 a mixture of hexylene glycol
and diacetone aleochol

Spotting chemicals and chemical mixtures are either solvent-based ligquids or
water-based derergents They were held in small plastic squeeze bottles and
applied ro the srtain when needed Spotting was performed on a sporting board
equipped with pressurized air, steam, and watet guns designed to flush the
chemicals and staln from the garment Air, steam, a smell brush, a spatula,
and fingers were all used to help breakup the stain and wash it away A
pedal-actuated vacuum was used to capture the spotting chemicals, which were
then held in a storage reservoir until bedng discarded as hazardous waste

Dry cleaning in this shop was dome using two modern, closed-loop, dry-to-dry,
perchloroethylene dry cleaning machines One was a 46-pound machine, and the
other was a 36-pound machine Both machines were about two years old Each
machine had an Integrated, in-line refrigerated condenser and carban absorber
to recover PERC vapers during the dry cyele This system was called the
*Consorba® " The refrigerated condenser used R-22 refrigerant to condenge
PERC vapors during the dry cycle Chilled water was used to condense PERC
vapors in the still, coel solvent in the base tank, and to remove heat during
cool-down

These machines were deslgned to reccver residual PERC vapers in the cylinder
during loading and unloading and to lower the PERC cancentrtation in the
cylinder, at the end of the dry eycle, to below 290 ppm as reported by the
manufacturer This was accomplished by using several technologies A single
beam infrared photometer, called the PMS 2000%, was used to continuously
monitor the PERC concentration Iin the machine eylinder and in the work
envircnment  An interlock on the machine door did not allow the door to open
unless the PERC concentration in the cylinder was below 290 ppm As long as
the concentration in the cylinder was above this iimit, the drying/vapor
recovery process continuwed to operate

The carbon adsorption system used spherical beads of activated carbon, with a
significantly larger external surface area than normal, to capture PERC in the
arrstream  These spherical carbon beads were automatically desorbed, using
hot alr, during the next dry cycle Since gsteam was not used, this process
eliminated water vapor from being retained in the carbon, adding to the
hazardous waste that is produced TFigure 2 depicts how the PERC concentration
in the cylinder was reduced during the wvapor recovery process

The drying process occurred in the same machine During the main drying
cycele, the solvent laden alr recirculared through the refrigerated condenser,
which vaporized and recovered most of the residual solvent While passing
through the cooling coil, PERC wvapors condensed and were directed to the
separator where the water was removed  Liquid PERC flowed back into the
machine tank while the water was piped to an external container A drying
sensor between the refrigerated condenssr and water sesparator automatically
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switched the system to the ccel down/decdorize step During this part of the
cycle, the air was cooled to approximately 25 *F in the refraigerated condenser
and then pasased through the carbon abscrber before returning to the drying
drum The PERC concentration in the drum was below 290 ppm, and the residuwal
solvent in the clothing was minimized This step relaxed the fabric fibers,
helped to reduce wrinkles, and removed additional PERC

These machines each had an encleosed still cleaning device that eliminated the
need to rake out the still on a dailly basas Instead, still maintenance was
rerformed every day, and the still was raked cut approximately every three
weeks  Additionally, a dosing unit enabled the opersteor to perform -
waterproofing cperations within the machine  During a busy day, approximately
eight loads of clothing were processed by sach machine  The machines had a
cleaning cvcle of 35 to 40 minutes, however, the drying cycle was often
extended to ensure that the PERC concentration in the cylinder was
sufficiently low  The operater could determine the PERC concentration in the
cylinder by reading a printout from the infrared photometer

Technical specifications for these machines can be seen in Table 1 In 1992,
46-pound machine base price was approximately 556,000, and the 36-pound
machine base price was approximately 547,000 The Consorba® option was
516,000 The 1anfrared photometer was 513,000 The enclosed still cleaning
device was 54,300 The dosing unit was $1,400, and the drying monitor was
$500

Table 1
Machine Technical Specifications
Boewe® Model P546 Boewe® Model P536
Load Capacity 46 lbs 36 1lbs
Cage Volume 400 liters (14 cubic 323 liters (1l 3 cubic
feeat} feet)
Cleaning Speed 36 rpm 36 rpm
Extraction Speed 360 trpm 360 rpm
Tank Capacities Tank 1 175 liters Tank 1 193 liters (51
(46 24 galloms) gallons}
Tank 2 240 liters (63 4 Tank 2 125 liters (33
gallons) gallons)

The clothing was weighed in a basket prior to loading into the machines Tha
maximum capacities for the machines were 46 and 36 pounds of clothing,
however, according to log sheets, the majority of loads placed inte the
machine were less than the machine capacity, (40 pounda in the larper machine
and 30 pounds in the smaller machine) The weight of every load was logged
onto a sheet of paper



Dry cleaning 1s a three-step process, invelving the feollewing  washing,
extracting, and drying A diagram of this precess can be seen in Figure 3
(See Appendix B for dry ecleaning technology ) At the start of the waghing
process, clethes at Brown's Cleaners were manually loaded through the front
door inte the ¢ylinder of the machine  After the door was closed, PERC was
automatically pumped inte the cylinder Water-based detergent was
antomatically injected Into each load

The contents of the machine cylinder were then agitated, which allowed the
gelution to remove soils  Following this step, the c¢clothes were spun at a
high speed to extraet the solvent  After the solvent was removed, the fabrile
was tumbled dry

Garments removed from the machine were pressed to remove wrinkles and to
restore their criginal shape The garments were placed on specialized
pressilng equipment, coming In a variety of shapes and sizes and using steam,
heated te temperatures arcund 300 *F  When the garments were properly
gituated, they weres pressed between two surfaces, at least one of which was
hot, to remeve the wrinkles  Some of the equipment used included  general
utility presses, puff irons, pants toppers, finishers, electric irons, bosom,
bady and yoke presses, callar, cuff and yoke presses, and sleevers Once the
garments were completely pressed, they were wrapped Iin plastic and stored om
the overhead rack to await customer pick-up

INSFPECT
AND
SORT
[}
ot THE DRY CLEANING PROCESS
3
LOAD
MACHINE
UNLOAD
¥
PRESS

Figure 3 Process flow diagram



PERC, used in the wash cycle, was cleaned and recycled continuously hy passing
through a spin-disc fiiter filled with diatomacecus earth  Filtration was
used to remove the insoluble solls, and disrillarion was used to remove the
soluble so0ils A filter maintenance program was tun every Friday A local
contractor supplied and delivered PERC as necessary The solvent was
delivered by a truck through the rear door of the building and pumped directly
wnto the machine’s holding tank, which eliminated employee handling
Approximately 55 gallens of PERC were purchased every nine menths far both
machines  General dilution ventllation consisted of several fans located in
the wall and celling near the dry cleaning and pressing areas

HAZARDS AND EVALUATION CRITERIA
POTENTTAL HAZARDS

Expesure to PERC is the primaty health hazard for workers in dry cleaning
facilities teoday  Spotting involves the selective application of a wide
variety of chemlcals and steam to Temove specific stains Individuals who
petform the spotting process could he exposed to hazardous chemicals through
skin or eye contact or inhalation of vapors For a complete description of
the potential hazards, please refer to Appendix C

EVALUATION CRITERIA

The current Occupational Safety and Health Admimistraticn (0SHA) permlsaible
exposure limit (PEL) fexr PERGC is 100 ppm, 8-hour time-weighted average (TWA)
The acceptable ceiling concentration is 200 ppm, not to exceed a maximum peak
of 300 ppm for 5 minutes in any J-hour period ? DSHA had lowered the PEL to
25 ppm in 1989 under the Air Contaminants Standard * In July 1992, the llth
Circult Court of Appeals vacated this standard 0SHA is currently enforeing
the 100 ppm standard, however, some states operating their owm USHA- approved
job safety and health programs continue to enforce the lower limits of 25 ppm
OSHA continues to encourage employers to follow the 25 ppm liwmit * NIOSH
considers PERC to be a potential occupational carcinegen and recommends that
exposure be reduced to the lowest feasible concentration *

WETHODOLOGY
INDMISTRIAL HYGIENE SAMPLING

The objective of this site wisit was to evaluate the effectiveness of the dry
cleaning machines for coantrelling worker exposure te PERC  Personal, area,
and background air sampling was conducted, using NIOSH Method 1003 for
halogenated hydrocarbons  This method calls for the use of 100 mg/50 ng
coconut shell charcoal tubes and carbon disulfide desorption  Analysis was
done using a gas chromatograph with flame ionization detector  Samples were
collected over a 120-minute period at a flow rate of 0 1 liters/minute and a
velume of 12 liters  The limit of detection for this process was

0 01 mg/sample *

Area samples were taken at varicus locations throughout the shop Alr
samples were collected in front of and behind both dry c¢leaning machines, at

8



the spotting station, in the pressing area, tagging area, and 1nspection and
bagging area (Figure 1) Full-shift TWA personal sampling was gathered for
the machine operator and a presser TWA personal sampling results were
compared to 25 ppm Area alr sampling was alsc done at the spotting station
for perchloroethylene, trichloroethylene, and petroleum nmaphtha  Analysis was
performed using NIOSE methodas 1003, 1022, and 1550

VIDEQ EXPOSURE MONITORING

Beal-time monitoring was used to study how specific manual tasks and
maintenance operations affect worker exposure to PERC  Some of these
procedures accurred freguently throughout the day, such as _loadingfunloading
the machine, while others, such as ¢leaning the lint trap and still, were less
often Moet of these tasks took between 5 and 30 minutes Real-time
menitoring of PERC exposures were petrformed using a MicroTIP® 153000®
{PHOTOVAC Inec, Thermhill, Ontario) with a 10 6 EV ultraviclet lamp This
instrument uses a photoionization detector to provide an analog cutput
response proportional to the concentration of ionizable pollutants present in
the air The MicroTIP® was spanned, using 100 ppm Iscbutylene span gas, and
calibrated, using five standard concentrations of PERC wapor  Instrument
readings and actual PERC concentrations were used to construct a callbration
curve and find a predictive equation The following formula was used to
convert the output of the PID (volcs} to concentration of contaminant (ppm)

C(t) = IR(t} * CF* MR

where

C(t) = concentration of vapor at time t (ppn)
IR{t) = instrument response at time bt {volts)

CF = Conversion factor from calibration equation
MR = MicroTIP® range

Information gathered, using the MicroTIP®, wes electronically recarded on a
Rustrake datalogger (Rustrak® Ranger, Gulton, Inc , East Greenwich, RI} and
downloaded to a portable computer, using Fronto® software  During the
gathering of real-time data, a videocamera was used te record worker
activities This videctape was later used to analyze tasks, code data, and
determine which work activities and movements resulted in the highest
exposures

Real-time monitoring was also used to study off-gassing of garments and to
conpare vapor recovery efficiency of the machines This was accomplished by
using a standard test swatch approximately 5 inches by 6 inches, made of

51 percent rayon and 49 percent polyester When the dry cycle had ended, the
test swatch was placed In a small glass test chamber As the PERC residuals
vaporized, the emitted concentrations of PERC were monitored and recorded by
using the MicroTIP? and Rustrak?® datalogger  The apparatus for measuring off-
gassing can be seen in Figure 4
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Tecovery

YENTILATEON
General ventilation measurements were made with a Kurz® model 1440 velometer,
Turbulent alrflow

with a measuring range from 0 to 6,000 feet per minute
near the dry cleazning machine was qualitatively evaluated by using smoke

A mass airflow balance was performed for air entering and leaving the

tubes
The capacity and dimensions of general dilution

dry cleaning area
ventilation systems were alsoc recorded

RESULTS AND DISCUSSION

INDUSTRIAL HYGLENE SAMPLING
Results of the individual air samples can be seen in Appendix I Tzble 2 is a
summary of personal ailr samples for each day  4ll of the personal samples

The time-weighted average exposures would have been

were well below 25 ppm

slightly lower if sampling had ocecurred for a full 8-hour shift, however, the

dry eleaning machines typically operated between 5 and 7 5 houra during this
The leagth of time the machine cperated during the day decreased as

survey
the week progressed from Monday to Thursday
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Table 2
Time-Welghted Average (TWA) PERC Exposures Over the Sampling Period

Worker Location Date Number Sampling TWA
(Fig 1) of Pariod Concentreticn
Samples frdind (ppm)
Operatoer (1) 8/15/94 4 451 31
Presser (2} 815194 4 452 ¢
Operator (1} 8/16/94 4 384 73
Presser (2) 8/16/34 4 a76 04
Cpetrator (1) 8/17/94 4 396 1 09
Presser (2) 81174494 4 374 0
Uperatot (L) 8/18/94 3 350 4 9
Presser (2} 8118/9¢4 3 316 0

As expected, the operator of the machine had the highest exposure to PERC,
which ranged from 0 31 to 4 O ppm TWA on various days The bulk of exposure
to PERC rerulted from loading and unleading the machine and performing machine
maintenance Almost all of the 2-hour samples of the operator were below

2 ppm, and most of them were below 1 ppm  The only exception to these low
exposures occurred during the last morning of sampling, when the operator
¢leaned the stills on both machines

5til1l cleaning occurred approximately once every three weeks and took

30 minutes or lesse  During the last morning of sampling, the operator was
exposed to approximately 12 ppm during a-2-hour pericd and 4 9 ppm full-shift
TWA  This TWA exposure was primarily due to cleaning the still that morning
If cleaning the stills had not occurred, the TWA exposure probably would have
been less than 2 ppm  Exposures were higher when cleaning the still on the
46-pound machine  This was probably due to a variety of factors, such as
ventilation and still efficiency Operator exposures increased slightly as
the week progressed

The presser did not work in as close proximaty to the machines as the
operator, (see Flgure 1), however, the presser did work cleosely with dry
cleaned c¢lothing As a result, the presser was exposed to between 0 0 and -
0 04 ppm TWA on various days Only one sample showed any PERC at all
Concentrations this low {ndicate that there was very little, 1f any, PERC
cff-gassing from the c¢lothing that was being pressed Additionally, PERC,
originating from the machine, was isclated from other areas of the shop by the
use of ventilatlon and barriers This was evidenced by the fact that the
presser was exposed to 0 ppm during the day, while the operator was exposed to
the maximum concentration cof PERC  All cof the PERC concentrations measured
near the presser's breathing zene, on each day, were at or below the limit of
detection, which was 01 mg/sample
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Results of area air sampling can be seen in Table 3  Area samplesz can be
divided into two categories  samples near the machine and samples away frem
the machine The samples near the machine include samples taken in front of
the machines, behind the machines, and near the spotting board Samples away
from the machine ineluded those teken in the reception, pressing, hanging, and
tagging areas There was almost nc PERC detected away from the machines,
except for a very small quantity detected in the reception area on the final
day of sampling This nondetection of PERC can be attributed te the excellent
ventilation in and around the machines  Among the area samples taken in
prozimity to the machines, the highest concentrations were detected on samples
located near the Madel 546 machine Thase higher concentrations were true for
samples taken In front of the machlines as well as behind the machines where-
concentrations were generally higher No wvapor leaks were detected The
concentrations In front of the machines probably eriginated from the residual
gases in the cylinder when the machine door was opened and closed

In general, exposures appeatred to be hipher near the end of the week rather
than the beginning There was no clear trend betwesn exposures In the morning
and 1n the afternoon, with the exception of the final merning of sampling when
6rill cleaning occurred The arez air samples taken near the sporting ztation
were also analyzed for trichloreoethylene and petroleum naphtha in addition to
PERC  All of the two-hour trichloroethylene samples were at or below 8 ppm
and all of the two-hour petroleum naphtha samples were at or below & ppm  The
najoricy of trichloroethylene samples were below L ppm  Bulk samples were
taken of the water separator run-off, no PERC was detected

REAL-TIME MONITORING

Video recording and real-time monitoring were performed during unlecading and
loading the machine and during maintenance on the machines, such as cleaning
the button traps and lint filter Real-time wmonitoring was also used to
evaluate the effectiveness of the vapor recovery system by examining garment
residual off-gassing The MicroTIP® was set for a measuring range between 0
to 200 ppr for most of the operations and 0 to 2,000 ppm during one
unleading/leoading operatien

On a dailly basis, the most significant source of exposure to the operator
cccurred during loading and unloading the machines Exposures during this
procedure peaked at approximately 1560 ppm  Loading and unleoading ecccurred
approximately six to eight times per machine esach day, depending on the amcunt
of business  Machine maintenance, such as cleaning the lint trapa, normally
oceurred once a day and some tasks, such as cleaning the still, only occurred-
every three weeks

Figures 5, 6, and 7 show real-time data during loading and/or unloading the
machine  Filgure 5 shows cperator exposure during the first loading cycle of
the day TFigures 6 and 7 show operator exposure during unlecading/loading the
machines  The proceas of unloading and loading both machines took between 36
and 52 seconds On average, unloadling took 10 5 seconds and loading tock 12
seconds
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Table 3
Area Sawmple Concentrations of Perchleroethylene

Arca Locarion Lray Avg Sample arichrecic Srd Daw Range
(Fig 1) Tims {min} Wean (ppm) (ppm) {ppm]

Reception Bl15f94 113 )} o a
Hach £l {528) (%) 8} L5794 110 12 12 Q- 26
Bhd (5356} Mach (£3] 8115794 110 14 11 0- 26
Mach #2 (546) (3) atl5f94 111 Il a9 12- 3%
Press Area (T BlL5/94 140 o e o
Waste Bartel (5} Bl15/94 107 25 15 0- 37
Spotting 9 BI15/94 107 67 11 0- 26
Hanging Q) Bf15/94 [Li¥s n o 1]
Tagping (5} BfL5734 107 u ¢
Reception BIl&S34q %6 0 0 o
Mach #1 {536} (4} 8§/16494 48 15 10 0- 25
Bhd (53156} Hach (6} Bl16194 96 2t 22 0- 58
Mach #2 (546) (3 HYLET94 98 22 11 0~ 37
Press ATea (7) alLl6fad 98 )} o [}
Wagte barrel {5} BIL&794 97 i 48 0-13
Sporcing (%) 81654 %6 14 ] 0- 20
Hanging 10} 816154 95 J a 0
Tagging £} 8116194 96 a 0 0
Reception BIL7im4 9t o o o
HMach #1 (536) (4) BI7i94 99 15 19 0- 48
Bhd (536) Mach (6} BIL7I4 a9 L5 13 G- 37
Mech #2 {54b} (3} 8117194 9 50 34 0- Bl
FresE AT2a (7 8/17j94 100 o a 0
Waate barrel 15} 81194 99 18 12 0- &7
ipecting (2} 817194 L] LS 05 172- 37
Honging (a3 af1ri9s 23 1] o o]
Tagping (B) BILFI94 98 o 0 [
Recepticn 8187194 107 09 12 [ -3
Maph #1 (5362 (&) Bl1Ef94 115 Bl 74 12-1 9
Bhd (536} Mach (B} 8llaigs4 L0y? 13 10 0- 24
nach #2 (5463 (3} Bf18j94 116 17 12 0- 27
Press Area {7} 818794 92 0 0 o
Waate barrel (5) Bl1Bf94 113 18 1B G2-4 &
Sperting 2) BrLEI9G 104 13 o o
Eanging 0y BYLES 94 115 )] ¢ 0
Tagging (&} B/18[94 108 [ } o

13



180
35140-
=120
100 -
m_
60 LOADING 48 LB,
% “ MACHINE
o 40 LOADING 36 LB.
MACHINE ——*
"1
n T T T T T T T I 1 T

1 T
0 20 40 80 80 100 120 140 160 180 200 220 240
Time (sec)

Figure 5 Operator exposture during first cycle of day
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Figure 6 Operater exposure during unloading/loading

14



120 -
étou-] lL
5
aﬂ._
% [l UNLoADROAD
80 36 LB MAGHINE
g (870 PPM*SEC)
B
20+ UNLOADALOAD
48 LB. MACHINE __|,
'ﬂ T mplm:smp T T
0 50 100 150 200 250 300 350 400 450 500 550 600
Time [sac}

Figure 7 Operator exposure during unloading/loading

During 3 of 4 cycles, the average PERC exposure while the operator loaded the
machine with dirty c¢loching was less than the average PERC exposure while the
garments that had been cleaned in PERC were unloaded For the Model 536, the
average exposure during loading was 58 7 ppm, the average exposure during
unloading was 45 9 ppm  For the Model 546, the averape exposure during
loading wes 20 Z ppm, the average exposure during unloading was 35 4 ppm  The
total dose was usually higher during unloading than loading both machinesz, on
Bverage 466 ppm¥*sec versus 401 ppm¥sec

During the cycles evaluated, thete were Inconsistencies in the results
Varistions between the time the dry cycle ended and the machine door was
opened may have caused this problem  Generally speaking, if the machine sat
1dle for a period of time before the door was opened, higher exposures
occurred while the operator loaded the machine PERC vapors from the vapor
loop were able to migrate dewvm Into the machine cylinder, and when the deor
was opened foer clothes leading, air displacement forced residual vapors from
the c¢ylinder into the worker's breathing zomne

Figure 5 shows real-time measurements taken at the operator’s breathing zone
during the first cycle of the day  During this cycle, there was no unloading
performed The empty machines had been turned on for a while and dirty
clothing was added to the eylinder As can be seen in the figure,
contaminated air was forced from the cylinder into the worker’s breathing

zone This is characterized by a rapid increase and almost instantaneous peak
which approaches 160 ppm The concentration in the worker’s breathing zone
dissipates over the mext ten to twenty seconds and then returns to zero This
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peak accurs because the machine cylinder, which 1s not fully isclated from the
other scurces of PERC within the machine, 1z not purged immediately prior to
the door being opened PERC vapors move from the vapor loop, inte the machine
eylinder, and eventually out into the work environment due to air displacement
during leoading Cperator exposure for loading the 46-pound machine was higher
than for loading the 36-pound machine This may be due to differences in
general ventilarion near the machine doors, greater air displacement, and/or
differences in the PERC concentrations within the machine cylinder

Fipures 6 and 7 show exposure to the operator while performing unloading and
loading on both machines During most of these activaities, average operator
exposure and total dose were higher during unleading than loading  The
exception to this general finding occurred durlng unloading and loading the
Model 536 in Figure 3 During this activity, operator exposure for loading
the machine was significantly higher than for unleading (avg exposure=101 ppm
versus avg exposure= 34 & ppm) Again in this instance, the machine sat idle
for several minutes prior to the openinpg of the machine door Because of this
inac¢tive period, PERG was able to mlgrate down Into the cylinder from the
gources within the vapor loop  Ancther reason for PERC leakage from the
cylinder was that the centrifugal fan was unable to provide sufficlent airflow
at the machine door to prevent the escape of vapors

Figure 8 shows aperater exposure during cleaning the stills on each machine
Exposures during this procedure were higher for cleaning the still an the
Model 546 than on the Model 536  Operator exposure while raking the Model 546
still averaged 156 ppm, and exposure while raking the Model 536 still averaged
35 ppn  The exposure for cleaning the Model 54b still was actually preater,
however, the instrument reached 1cs upper measuring limit  The shop owner
noted that the still residue did not appear to be normal, and a machine
malfunction may have allowed this abnormality to occur  Another factor which
could have affected the concentrations measured was the proximity of the
Model 536 still to the fan In the wall This fan was moving 2,100 cfm of air
No 5-minute peak or 15-minute short-term expesure levels were measured using
sampling pumps, however, based on real-time data, it was unlikely that either
the peak or short-term limits of 300 ppm and 200 ppm, respectively, were
exceeded during this operation

Figure 9 shows exposures for e¢leaning the lint traps Thils task was done
everyday or every other day and involved cleaning the lint/button traps and
disposing of the hazardous waste  Normally, lint traps were cleaned in the
motrning  The highest exposure occurred for this task on the Model 546  The
average exposure during maintenance on the Model 546 was approximately 44 ppm,
and the average exposure during maintenance on the Model 536 was approximately

16 ppm

Finally, the garment off-gassing experiments are shown in Figures 10 and 11
During an averzge cyecle, both machines were extremely effective at recovering
solvent from the garments The total PERC, off-gassing from the test
swatches, was 161 ppm*sec or 1 34 x 10° ug PERC/Kg cloth in the 46-peund
machine and 346 ppm*sec or 2 89 » 10° pg PERC/Kg cloth in the 36-pound
machine The average FERC concentrations were between 1 and 0 5 ppm for both

nachines
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Figure 9 Operator exposure while cleaning lint traps
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VENTILATION MEASUREMENTS

Ventilatioen on the dry cleaning machine deoor at this shop was minimal
Measurements taken with a Kurz® hot-wire velometer did not show an appreclable
inward air velocity at the face of the machine door Smoke tubes indicated
that there was only a very minor flow of air which was ineffective at
preventing reslduals in the ¢ylinder from leaving through the door opening

The airflow at the door was not exhausted from the wachine, but it passed
through the carbon abscrber and into the button trap -The fan was activated.
by a microswitch on the doar

Several propeller fans were lacated in the dry cleaning area to provide
dilution ventilation Multiple air velocity measurements were taken
approximately 6 inches in front of the supply fan in the wall and the exhaust
fans in the ¢edling The supply fan provided approximately 2,150 cfm of air
The exhaust fan located in the celling above the dry cleaninz machines
exhausted 5,300 cfm of air, and the other exhaust fan located in the ceiling
of the dry cleaning ares exhausted 4,200 cfm of air Figure 12 and Table 4
show airflow measurements moving in and out of the dry cleaning area

PRESSING AREA
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] e kN T, .
i - ey
z‘im e/ AR ' (i)L_
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.r’\.\i
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Figure 12 Airflow Balance InfOut of Dry-cleaning Room
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Table 4

Mass Balance of Airflow In/Cut of Dry-cleaning Room {cfm)

LOCATIONS IN LOCATIONS ouTr
Wall fan 2,150 Ceiling fan 4,200
From outside 2,950 Celling fan 5,300
From 2,05Q

inspection

area

From 1,500

pressing

area

From tagging 390

From 900

tailoring

TOTALS 9,940 2,500

Smoke tubes used in and around the dry cleaning machines Indicated that the
general ventilaticn was effective at removing contaminated air originating
from the machines Most of the contaminated air originmating from the machines
waz isolated from other areas of the shop because the exhauat fans caused an
inward flow of alr through the door openings leading to and frem the area

This negative pressure prevented PERC vapors from diffusing throughout the
building Genmeral ventilation principles require that fans should be arranged
to move contaminated wvapors away from the emplayees

OBSERVATIONS

The cwners of this shop are members of the International Fabricare Institute
and the California Fabricare Institute  The shop has been visited by various
federal, state, and city repulators to examine their state-of-the-art drey
cleaning equipment

In addition to the clothing cleaned in the dry ecleaning machines, 25 to

30 percent cf the clothing brought into this shop was cleaned in water
Water-hased cleaning was either done 1n a machine or by hand Most of the
clothing that was cleaned In water was not labeled "dry clean conly "

Approxamately 10 to 15 percent of clothing labeled "dry c¢lean only"™ was
cleaned in water Much of the clothing labelled "dry clean only" that was
¢leaned 1n water was very stained or sociled Some garments like these can be
better cleaned 1n water than in solvent It is important to be very careful
when doing this type of work to avoid color less or shrinkage
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Cleaning the machines’ lint traps and stills was performed by the operater,
but other more involved machine maintenance was performed by the wmanufacturer
during annual services  No solvent leaks were detected by NIOS5H researchers
This can probably be attributed to the fact that the equipment was relatively
new A leak detector was not present at this shop, howewer, visual checks for
leaks were performed and logged every week  Additionally, when annual
services are performed by the manufacturer, leaks will be identified

General maintenance and housekeeping appeared to be excellent Hazardous
waste barrels were located ourside of the shop Storage of hazardous waste
outside of the building reduced the likelihood of employee exposure if a leak
occurred Passive monitering for FERC was not conducted at this shop because
the Boewe® PMS 2000 infrared photometer provided instantaneocus monitoring

Based upen a formula provided by the International Fabricare Institute (IFT),
the capacity ratings for both machines were higher than recommended ' IFI
determines load capacity by multiplying cage volume in cublec feet by a lcad
factor in pounds per cubic feer  The load factor is 3 5 to 4 pounds per cubic
feet for transfer equipment and 2 5 to 3 pounds per cubiec feet for dry-to-dry
equipment Based on this formula, the 46-pound machine should have a load
capacity between 35 and 42 pounds, and the 36é-pound machine should have a lecad
capacity between 28 and 34 pounds This overrating might create a problem if
the machines were consistently loaded to the full-rated capacity  However,
the machaine operator welghed and logged each of the loads of clothing Most
of the loads in the 46-pound machine welghed 40 pounds or lesa, and most of
the loads in the 36-pound machine weighed 30 pounds or less

PERSONAL PROTECTIVE EQUIPMENT

Personal protectlve equipment at this shop consisted of a respirator and
gloves  Personal protective equipment was stored on a shelf near the dry
¢leaning machines The respirator was an AQ Safety® half-face respirator with
organic vapor cartridges The cartridges were changed every two weeks
Personal protective equipment training, qualicative respirator fit-testing,
and a doctor’s exam were performed The respirator and gloves were used by
the cperator when performing machline maintenance, such as cleaning the still
and lint traps and during some spotting operations Latex surgical gloves
were used at the spotting station if a garment was contaminated with bedy
flulds When new employees were hired, management required them to sign a
standard HAZCOM form, which explains the hazards present

CONCLUSIONS AND RECOMMENDATIONS

Brown's Cleaners had excellent contrels that were able to maintain exposures
well below 25 ppm, which is the level that OSHEA encourages dry cleasners to
follow NIOSH recommends controlling PERC to the lowest feasible
concentration The highest TWA personal exposures were for the dry cleaning
machine aperator/spotter who was exposed to approximately 5 ppm TWA on the day
he conducted still maintenance  On other days, operator expasure was near oOr
below 1 ppm TWA The presser was exposed to PERC concentrations at or below
the lamit of detecticn, Ol mgfsample
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The primary socurce of exposure to the operator in this shop came from the dry
cleaning machine Real-time evaluation showed that loading and unleoading of
the machines had the greatest impact upon dally exposures  Therefore, if
exposures are to he reduced further, loading and unloading operations demand
the attention of management or machine manufacturers As 1s shown In

Figures 4 and 5, there were several instances when the operator was exposed to
significant PERC concentrations while leading the machines  This epuld he
better controlled by ensuring that contaminated air in the cylinder is purged
by the carbon absorber immediately prior to opening the machine doeor

Another consideraticn for the manufacturer is modification of the machine
design The machine cylinder could be isclated from vapor sources wirhin the
wachine {i & the vapor leop and solvent loop), and sufficient ventilation,
using a larger fan, could be provided to evacuate the cylinder and prevent
displacement of contaminated alr into the worker's breathing zone when the
machine door is opened The contaminated air should be exhausted outside of
the work environment  The ecentrifugal fans, which activated when the machine
doors were opened, provided Insufficilent air flow and were ineffective at
controlling escape of residual PERC at the end of the dry cycle

Because these machines are already extremely effective at reducing ocperator
exposure, the total reduction In ppm exposure would not be as great as other
machines, however, the percentage reduction would still be substantial
Theoretically, operator exposure could be reduced mearly 50 percent by
eliminating exposgure during loading Iseclation of the dry cleaning area
within this shop was excellent  Process isolation practically eliminated
exposure of other employees to PERC  Ventilation and barriers effectively
separated the dry cleaning area from other areas of the shop

Because the machines were relatively new, there were no visible liquid leaks
Age of equipment may play a rele in leakage  As machines age, leaks may
develop that should be repaired promptly Proper maintenance can be
instrumental to reducing leakage  Several devices can aid in leak detection
These include halide torches, photo-ionization detectors, and pocket
dosimeters

Because exposures were below the PEL at this shop, respirator usage is not
required by OSHA  However, when respirators are used, they must be used in
accordance with Federal Regulation 2% CFR 1910 134 Though not recommended by
NIOSH because PERC 1s a potential occupational carcinegen, the current
respirators (half-mask facepiece with crganic vapor cartridges), used for
short-term exposures to low levels of PERC, must have the cartridges changed-.
prior to breakthrough (approximately 130 minutes based on room

concentrations) ?

Where employees must wear resplrators, an appropriate respiratory preotection
program in accordance with 29 CFR 1910 134 must be instituted This
regulation contains provisions for

o a written standard operating procedure
©  respirator selection based upon hazards
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o] instruction and training of the user concerning the proper usze and
limitations of respirators

o regular cleaning, disinfection, and proper storage

nedical review of the health and condition of the resplrator user

0  use of ecertified respirators which have been designed according to
standards estabhlished by competent authorities °

Q

It is recommended that Brown’'s Cleaners continue to use respiratory protection
when performing machine maintenasnce by the operator  Proper gloves should
also be worn

Gloves and goggles should be used to reduce exposure to hazardous chemicals
such as PERC Latex gloves are effective at protecting the skin from
biological agents, however, they do not give protectien for mest erganic
solvents Gloves provide limited dermal protection and should he made of
golvent resistant materials such as Viten® fluoroelastomer, polyvinyl alecchal,
or unsupported nitrile  When a specifie glove is chosen, factors such as
permeation, durability, dexterity, and cost should be considered Viton® and
polyvinyl alcohol have a PERC breakthrough tame in excess of eight hours ' A
1987 study showed that unsuppeorted nitrile was impervious to PERC after a
2-hour challenge period '' Some of the drawbacks associated with these
materials are that Viton® 1s expensive, polyvinyl alcchol sagnificantly
reduces dexterity, and unsupported nitrile has a hizh permeation rate
Whenever swelling, softening of the gloves, or seepage of PERC into the glove
is observed, the gloves should be replaced Gloves should alse be regularly
checked and discarded 1f perforations and cuts are found

Chemical splash goggles should be worn to prevent eye Injury when workers use
hazardous chemicals Accidental contamination of the eve could result in
tminor irritation or complete loss of wision  Use of chemical splash geggles
is partaicularly important during maintenance operations and spotting

Controls at this facility were excellent and capable of maintaining exposures
well below 23 ppm TWA  Engineering controls used at this facility were the
most effective seen by the authors to-date
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APPENDRIX &  BACKGROUND

The National Institute for Occupational Safety and Health (NIOSB), located in
the Centers for Disease Control and Prevention (CDC), under the Department of
Health and Human Services {DHHS) (formerly the Department of Health,
Education, and Welfare), was established by the Occupaticnal Safety and Health
Act of 1970 Thais legislation mandated NIOSH to conduct research and
education programs separate from the standard setting and enforcement
funetions conducted by the Qcecupational Safety and Health Administration
{0SHA) in the Department of Labor An important area of NIOSH research deals
with methods for contrelling cccupational expesure te potential chemical and
physical hazards

The Engineering Control Technology Branch (ECIB) of the Divisicn of Physical
Sciences and Engineering has heen given the lead within HWIGSH to study and
develop engineering controls and assess their impact on reducing occupational
illness Since 1976, ECTB has conducted a large number of studies to evaluate
engineering ceontrol technology based upon industry, process, or control
techniqua  The objeective of each of these studies has been to document and
evaluate control techniques and to determine their effectiveness in reduecing
petential health hazards in an industry or at specific processes

In the late 19708 and early 1980s, a NICSH spensored engineering control
technology study was conducted in the dry cleaning industry !* Since that
study, significant changes invelving equipment, processes, and work practices
have occurred within the industry  Many of these changes were initiated by
new epidemlologic, toxicologic, and environmental data for the primary
solvent, perchloroethylene {(PERC) This industry currently has in excess of
30,000 commercial shops and approximately 244,000 employees in the United
States !

Some studies have shown that in addition to the numerous adverse health
effects already known for PERC exposure, there 1s evidence of
carcinegenicity ' PERC is a known animal carcinogen,'’® but there 1s
inadequate evidence of human carcinogenicity ¥ TIn December 1991, the
Environmental Protection Agency began regulating PERC as a hazardous air
pollutant under Sectiomn 112 of the Clean Air Act This regulation was based
on environmental research that PERC was a toxic air pollutant V

The industry has responded with incraased research into altermative solvents
and ¢leaning methods, a shift from transfer machines to closed loop, dry-to-
dry machines, and innovations in vapor recovery equipment and other devices to
reduce occupational exposures and envircnmental emissions  Many of the
exposure problems identified during studies in the late 1970s and early 1980s
still exist because transfer equipment 1s still being used, many contrels
developed by industry ave ceost prohibltive, and some werk practices are
inadequate

Data from the O5HA Integrated HManagement Information System (IMIS), from 1984-

1988, indicates that approximately 20 percent of samples taken at dry cleaning
gshops exceeded 100 ppm '* More recent and comprehensive data gathered by the
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Internatienal Fabricare Institute’s {(IFL) vapor monitoring service using
passive monitoring hbadges is shcown in Table 5

In 1988, the OSHA Director of Federal-State Operaticons conducted a natioowide
query of the OSHA State Consultatlon Programs asking for high risk small
businesses in need of occupaticonal safety and health research  The dry
cleaning industry waa the second most mentioned small business, falling behind
autobody repair shaps '*> Preliminary information gathered by the NIQOSH,
Division of Surveillance, Hazard Evaluations, and Field Studies has shown a
high incidence of back pain among laundry and dry cleaning workers ¥ This
information has not been gathered exclusively for dry cleaning, and,
additional research and analysls are needed

Teble 5%

IFI'S PASSIVE MONITORING RESULTS

Before 1/1{87 1f1f87 - 4730789 After 1071189
TRANSFER 55 3 ppn 46 4 ppm 42 ppm
{AVG TWA PPM)
£=25 ppm 76 2% 539 9% 56 BX
i71Q0 ppm 7T TR 5 6% 70X
DRY¥-TO-DRY:%* 20 5 ppu 16 1 ppm L7 2 ppm
{AVG TWA PPM) 16 9 ppm*
la ¥ ppm**
=25 ppm 2% 3% 18 5% 18 BX*
17 ZXww
=100 ppm 1 0% BY 1 3%
BEA®

* Denotes dry-to-dry refrigerated with small vent ta purge cylinder at end of dry cyele
** Denotes dry-to-dry refrigerated with ne vent whatsaever
*rq Denotes standatrd dey-to-dry with water-cooled condenser and vent at end of dry cycle

Based upon the preceding information, a preliminary hazard analysis (PHA) was
performed for the dry cleaning industry For this PHA, a hazard was defined
as an activity or condition that poses a threat of loss Durlng this
analysis, the hezards lizted below were identified

o  inhalation of PERG vapors

0 ergoncmic hazards

0 exposure to hazardous chemicals used in the spotting process

o firefexplosion hazards

s direct {dermal} exposure to PERC

4] thermal burns
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< heat stress

¢  mechanical hazards

o  eleetrical hazards

&  slips/tripsf{falls
These hazards are listed from top to bottom in decreasing order of rigk  The
degree of risk was based upon two factors

1} likelihood of occutrrence
2) severity of consequence

Each risk ranking is of a gqualitative nature
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APPENDTX B DRY CLEANING TECHNOLOGY

Two types of machines are generally used in dry cleaning transfer and
dry-to-dry Transfer machines are older, less expensive, and require manual
transfer of solvent laden clothling between the washer and dryer This is the
point of highest worker exposure Transfer machines process twice as much
clothing as comparably sized dry-to-dry machines because the process time is
half that of a dry-to-dry machine Some owners of dry-to-dry machines reduce
the cycle time or exceed the load capacity to increase productivicy
UInfortunately, this practice increases exposure due to residuals left in the
clothing *2

Because of the high exposures that occur durlng transfer, transfer machines
are no longer manufactured in the United States, however, used or
recenditioned cones can still be purchased  Seventy percent of mazchines today
are dry-to-dry machines using a one-step process that eliminates clething
transfer ** Clethes enter and exit the machine dry  PERC exposure from
dry-to-dry machines 1s considerably less than exposure from transfer machines
Most federal and state regulations do nat require the use of dry-to-dry
machines, however, a few states, such as California and Mew York, have
introduced legislation to eliminate use of transfer machines  Worker
exposures below 25 ppm are much more difficult to achleve using & transfer
machine Most shops are moving or have moved to replace transfer machines
with dry-to-dry machines because of the trend roward stricter regulations from
both state and federal OSHA and the EPA

Among dry-to-dry machines, there are two general types in use today  vented
and ventless dry-to-dry machines  Vented dry-to-dry machines vent residual
solvent vapors directly to the atmosphere or through some form of vapor
recovery system during the aeration process Ventless dry-to-dry machines are
essentlially closed systems which are only open to the atmosphere when the
machine dcor 1s opened or closed  They recirculate heated drying air through
a vapor recovery system and back to the drying drum There is no aeration
step

Two primary technologies atre used to recover PERC vapors  the carbon absorbar
and the refrigerated condenser Carbon absorbers remove PERC molecules from
the air by passing solvent laden vapors over agtivated carbon, which has a
high adsorption capacity The PERC is then recovered in a condenser,
separated from the water, and returned to the storage tank  Desorption
typiecally occurs daily, 1f not done regularly, the carbon bed will become
ineffective for carbon recovery Befrigerated condensers use a refriperant te
cool the sclvent laden ailr below the dew point of the vapor te recover the
PERC

Tests have shown that several new technologies are more effective than a
carbon abgorber or refrigerated condenser alone They are the Boewe®
Consorba® and Dow TV5® technology  Both of these are a subset of ventless
dry-to-dry machines, which reduce occupational exposure by lowering soclvent
residuals an the cylinder  The Boewe® Consorba® has a refrigerated condenser
and carbon absorher in series Air passes through the refrigerated condenser
where solvent is extracted A drying sensor in the machine switches o a
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cool-down eyele  Durding this phase, the cocled air leaves the refrigerated
condenser and passes through the carbon absorber

Dow’s TVE® technology has eliminated the need for condensation equipment and
returns the vapors directly te the machine cylinder A polymeric adsorbent
has been developed by Dow which has a2 hagh capacity for PERC, even at high
vapor councentrations The polymer is desorbed by hot air, thereby eliminating
any waste water stream which would result if steam were used  This system can
be used as a primary contrel and retrofitted to existing, vented, dry-to-dry
machines, canverting the machine te a closed-loop, no vent system  This
system can alsc be used as a secondary control on closed-loop, refrigerated,
dry-to-dry machines to lower residuals in the cylinder

Dry cleaners use filtration and distillation to recover and purify the
solvent Filtration is used to remove inscluble soils, nonvaelatile residues,
and loose dyes from the solvent Filtration is usually a continuous process
in which the solvent passes through either an adsorbent powder or filter
cartridge, both of which must be replaced pericedically  Additionally,
powderless, spin-disc filters®™ and a mo filtratiom process® have been
developed that zagnificantly reduce the generation of hazardous waste

Distillation, which is used by 90 percent of the industry, separates soluble
olls, fatty acids, and greases not removed by filtration *® Distillation
occurs by heating PERC to its boiling point so that it vaporizes and later is
condensed back to liquid form During this process, nonvolatile impurities,
which cannot be bolled off, remain at the bottom of the still and are
digcarded as hazardous waste  Both filtratien and distillation produce asolid
wastes containing PERC residue
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APPENDIX C POTENTIAL HAZARDS

Exposure ta PERC is the primary health hazard for workers in dry c¢leaning
facilitiea today PERC can enter the human body through both respiratory and
dermal exposure  Symptoms assoclated with resplratory exposure include
depression of the central nervous system, damage to the liver and kidneys,
impaired memory, confusion, dizziness, headache, drowsiness, and eye, nose,
and throat irritation ?* Repeated dermal exposure may result in dry, scaly,
and fissured dermatitis ¥

Over the past 15 years, studies conducted by the Natiomal Cancer Imnstitute.  _
{1977) and the National Toxicology Program (1986) have established a link
between PERC expesure and cancer in animals  Other studies have shown an
elevated risk of urinary tract,® #® 3 agophageal,? ?' and pancreatic cancer'®
ameng individuals who work in dry cleaning establishments  Most of thesge
studies involved exposure to a varlety of solvents and have not been linked to
PERC exposure Cancer mortality research i1s continuing at NIOSH and other
research organizations

Spotting involwes the selective application of a wide wariety of chemicals and
steam to remove specific stalns Some of the chemicals and chemical families
that are used on a falrly regular basis for spotting in addition to PERC are
as follows other chlorinated solvents, amyl acetate, petroleum naphtha,
axalic aeld, acetic acid, esters, ethers, ketones, dilute hydrofluoric acid,
hydrogen peroxide, and agquecus ammenia  Individuals whe perform the spotting
process can be exposed to toxie chemicals through skin or eye contact, or
through inhalation of wvapors Use of dilute hydrofluoric acid, which is found
in rust removal spotting agents, poses the greatest risk from acute dermal
exposure, however, many cof the chemicals used can cause vccupaticonal
dermatoses from chronic exposure to the skin

Previous studies have shown that inhalatlon exposures are minimized due to the
limited quantities of the chemicals used and the intermittent nature and short
duration of the task '* During personal sampling by the Arthur D Litrle
Company at the International Fabricatre Institute's Analysis Laboratory,’™ PERC
exposures during spotting were many times lower than OSHA standards and some
chemicals being used were below detection limits ¥ The primary hazard posed
by the majority of chemicals used in the spotting process is skin damage,
resulting from chroniec or acute exposure, or injury to the eyes, however,
chemicals that readily vaporize and have a high voxicity can pose a risk from
Inhalation Vapor pressure, toxicity, wentilation, manner and frequency of
use, and air concentration should all be considered when assessing the risk ._.

from inhalation
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APPENDIX D RAW AIR SAMPLING AND REAL-TIME DATA
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12/30/94 08:51:17 AM Page 1
Variable BRNOGM11.Conc select (BRNOGMil. Count lt 300)
Sample =ize 299,
Average 1.15821
Median 1.174E68
Mode 117468
Geometric mean 1l 135553
Variance 0.052431
Standard deviation D.2285798
Standard error 0.013242
Miraimum 0.7680¢6
Maxrimum 1.52106
Range 0.753
Lower qguartile 0.51866
Upper quartile 1.34034
Intergquartile range 0.42168
Skewness 0.148571
Standardized skewness 1.0558¢64
Kurtos=ais -1.266248
SJtandardized kurtosis -4.46933%6
Coaff., of wvariation 15.769955

Sum A46.3047
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