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EXECUTIVE SUMMARY

4 study was conducted at the Tuchuman Cleaners shop #24 located in Carmel,
Indiana, to evaluate control of worker exposure to perchloroethylene (PERC)
and provide recommendations to reduce exposure The study also evaluated
control of ergonomic risk facrors Dry cleaning in this shop was done using a
transfer unit The transfer unit consisced of two separate machinaes aJk
T® Model 60, 60-pound, washer and a Heyt® Model SF-145 Soivo-miser reclaimer
Bath the washer and reclaimer were connected to a Kleenrite® Vapor Condenser
The reclaimer had a water cocled condenser and the separate vapor condenser
uged refrigerant The Hoyt?® reclaimer operated In three different modes
dry, cool, and aerate Duripg the dry meode, recirculated air was heated and
then cooled in the condenser to recover PERC  During the cocl mode, the air
wags diverted to the separate vapor condensgr and cooled to recover PERC
During the final aeration cycle, fresh air wag drawn into the reclaimer and
exhausted to the atmosphere (outside of the building) Dutring a normal day,
eight to twelve loads of clothing were processed

Three of the ten workers at this shop participated in the personal air
sampling the machine operator/manager and two pressers The machine
operator was exposed to 19 5 ppm TWA perchloroethylene for the entire survey
The operator’s two-hour samples ranged from 3 9 to 42 3 ppm More than one-
half of the operator’s exposure resulted from loadingfuniocading the machine
and garment transfer The two pressers, who worked near the dry-cleaning
equipment, were expused to betweem 3 3 and 3 8 ppm TWA for the entire survey
The highest two-hour, area concentrations measured were above the reclaimer
door, behind the washer, and near the exhaust pipe from the reclaimer  The
two-hour concentrations in ail three areas averaged approximately 28 ppm  The
highest geometric mean, area concentratilon for all four days of the survey was
15 2 ppm, above the recleimer doer

Real-time monitoring showed that the most significant source of operator
exposure to PERC occurred during loading/unloading the machines and garment
cransfer Exposures during thls prcocedure reached instantaneous
concentrations between 1,000 and 1,500 ppm The highest average exposure,
500-600 ppn, occurred during transfer of garments from the washer to

reclaimer  Following garment transfer, the mext highest average exposure
oceurred during loading the washer, unloading the reclalmer, and hanging
¢lothing respectively Again as was ssen dutring earlier surveys, loading was
responsible for a greater average exposure than unloading  Surprisingly,
average PERC exposure during the transfer cperatlion was not as high as average
PERC exposure from loading/unloading some of the dry-to-dry machines studied
at other shops This can probably be attributed to the fact that the garments
being transferred from the washer to the reclaimer had not been heated, and
the reclaimer had greater door ventilation than many dry-to-dry machines
Analysis of the garment hanging operations showed that although it tock a much
longer petiod of time than most ather tasks, the average exposure was
relatively low, 14-21 ppm Some of the bulkier garments, which retain solvent
and take longer to dry, resulted in instantaneous exposures near 70 ppm

Real-time measurements were also used to study garment off-gassing and
maintenance activities  The garment off-gassing experiment showed that che



machine was less effective at recovering sclvent from the gatments than many
other machines which were studied The total quantity of PERC cff-gassed from
the test swatch was 10,690 ppm*sec or 8% O mg PERC/kg cloth  The average
exposure to the operator during cleaning the lint and button traps was
approximately 25 5 ppm  The highest waintenance exposures occurred while
changing the solvent filters

In addition to PERC exposure from the dry-cleaning process, some employees
could be at risk of incurring musculoskeletal strain due to the highly
repetitive nature of the work performed Job analyses were performed on the
garment transfer, pressing, and clothes bagging operations Most of the
ergonomic risk factors observed at this facility involved repetitive motions
and awkward postures These problems primarily occurred at the pressing
gtations Several measures could be tazken to reduce these hazards Frequent
breaks and worker rotation are often used to contrel the hazards of repetitive
tasks This appears to be a feasible option at this facility Redesign of
the workstation could be used to eliminate many of the awkward postures and
excessive reaching performed

Controls at Tuchman Cleanere (Shop 24) maintained full-shift TWA exposures to
PERC below the OSHA permissible exposure limit (PEL) However, operator,
full-shift, TWA PERC exposures exceeded 25 ppm on one of four days  Twenty-
five ppm 1s the exposure limit that 05HA encourages dry cleaners to meet

NIOSH recommends contrelling PERC to the lowest feasible concentration

Several measures could be taken to reduce expogures further, such as
replacement of the transfer equipment with dry-to-dry equipment  Local
exhaust ventilation could also significantly reduce exposures  The current
location of exhaust ducts from the reclaimer appeared to permit contaminated
air to reenter the work area through the open door behind the washer A steam
pipe comnected to the reclaimer permitted contaminated air to be released
inside of the shop Improvements to general ventilation could alse reduce
exposures This building had no openable windows to permit fresh air to enter
the building A large propeller fan exhausting air behind the washer and
reclaimer would help to reduce exposures Local ventilation should be used
during waterproofing operations, or waterpreofing should be done completely in
the machine using an external tank  Personal protective eguipment such as a
resplrator, chemical splash goggles, and proper gioves should be used during
waterproofing cperations and machine maintenance A resplratory protection
program should also be established
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INTRCDUCTION

The Engineeting Control and Technology Branch (ECTB), Division of Physical
Selences and Engineering (DPSE), National Institute for Occupational Safety
and Health (NIOSH), has undertaken a study of the dry cleaning industry to
update a 1980 NIOSH enginesring control study of the industry’ and provide dry
cleaners with recommendations for practical control measures based on current
technology (See Appendix A) The focus of this study is to evaluate controls
for exposure to perchlercethylene (PERC), however, contrels for ergonomic
hazards and exposures to chemicals used in the spotting process will be
evaluated on & more limited basis

During the initial phase of the study, literature was reviewed to determine
areas in need of research  Walk-through surveys were conducted to gain
familiarity with the industry and determine sites for future in-depth studies
In-depth studies lasting several days are now being performed during which
quantitative data 1s collected Personal and area samples are obtalned, and
teal-time monitoring is conducted Detalled reports are being written to
document all findings  These in-depth reperts will be used to prepare
technlcal reports and journmal articles that summarize the findings concerning
effective controls for cccupatliomal health hazards in the dry cleaning
industry

This report describes an in-depth study conducted at Tuchman Cleaners {(Shop
24), located in Carmel, Indiana The primary purpose of this survey was to
evaluate control of worker exposure to PERC from a dry-cleaning transfer unit
and evaluate ergonomic risk factors Recommendations for reducing exposure to
PERC and ergonomic risk factors are provided

PLANT AND PROCESS DESCRIPTION
PLANT DESCRIPTION

Tuchman Cleaners, a large commercial dry eleaner located in greater
Indianapclis, Indiana, has been in business since the 1940s In 1986, 1t was
putchased by Dry Clean U S A but was allowed to keep 1ts name Dry Clean
US5 4, one of the largest cwners of dry cleaning shops in the United States,
cuns between 300 and 400 sheps in 14 different states

There are approximately 31 Tuchman shops located throughout greater
Indianapolis  Three of the shops are "dry stores”™ where no dry cleaning
occurs The three dry stores receive soiled garments from the customers and
transport the garments to another store for cleaning The cleaned garments
are deliversd to the dry store and returned to the customer  Tuchman Cleaners
had many more dry stores prior to 1982 However, to improve accountability
and service to the customers, dry cleaning egquipwent was installed in many of
the dry stores between 1982 and 1986 In some areas of Indlanapolils, it is
very important to provide same day service to the customers in order to remain
competitive The focus of this in-depth survey was Tuchman Cleaner's {Shop
24} located in Carmel, Indiana, north of Indianapolis



Dry cleaning has been done at the Carmel shop since approximately 1982  The
ghop was located in a stand alene building near a large shopping mall The
building was criginally built as a gas station The general shop layout is
shown in Figure 1, and a more detailled layout is shown in Figure 2  The shop
had cne door for custemer entrance, and three ather doors which were used by
employees and delivery persormel — The ceiling of the shop was approximately
1B feet high Finished clothing was stored on two different overhead
conveyors near the front cof the shop Pressing was performed in two different
areas Pressing of shirts, which were primarily laundered, was done near the
front of the shop, and pressing of dry-cleaned clothing was donhe adjacent to
the dry-cleaning area  This shop did all of its own dry cleaning and did not
recelve clothing from any cther stores There was one transfer dry cleaning
unit in this shop, located near the southwest corner of the building

The transfer unit consisted of a J & T® Model &0, 60-pound, washer and a Hoyt®
Model SF-143 Solvo-miser reclaimer Both the washer and reclasimer were
connected to a separate Kleenrite® Vapor Condenser  The washer and reclaimer
doors were positioned so that their doors were perpendicular to sach other
When standing in front, facing the machines, the washer was to the left and
the reclaimer was to the right A refrigerated condenser was located between
the two machines A waterproofing drum was located near the right-side of the
reclaimer, and solvent filters were leccated behind the condenser A Forenta®
spotting board was located near the front corner of the washer The restroom
and beiler room were along the rear wall of the building between the dry-
cleaning and shirt pressing areas  There were several celling fans located
throughout the shop Two large propeller fans exhsusted air from the building
abave the restroom and from the boiler room  Hazardous waste storage barrels
were located behind the reclaimer and washer An evewash station was located
in the restroom

The shecp cleaned between 2,000 and 2,500 pounds of clething per week ©On
most days edight to twelve, 50-pound loads of clothing were cleaned  Hourly
workers at this shop belonged to the AFL-CIO Laundry and Dry Cleaning
International Unlon There were five full-time and five part-time employees
at this shop, including the shop manager  The shop was open for business six
days per week

PROCESS DESCRIPTION

Garments were brought to the shop by customers needing thelr clothing cleaned
Garments arrived at the customer counter and were examined and tagged for
identification Prior to being loaded into the dry cleaning machine, garments
were 1lnspected and sorted according tec weight, coleor, and finish

Garments with visible, localized stains were treated at the spotting statiom
The store manager operated the machine and performed any spotting that was
necessary The store manager made an effort to minimize the amount of
spotting which was performed Various chemicals were used depending on the
type of stain  Spotting may be done before or after the clothes are cleaned
in the machine Post-spotting is used more frequently today because it
reduces the amount of spotting required, which is wvery labor intensive
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Stains rarely consist of one single substance The three general categorles
of stailns are water goluble, solvent soluble, and inscluble Each type of
stain requires appropriate spotting agents Some of the chemicals and
chemical families that mre freguently used for stain removal, in addition to
PERC, are the following other chlorinated solvents, amyl acetate, petroleum
naphtha, oxalic acid, acetic acld, esters, ethers, ketones, dilute
hydrofluorie acid, hydrogen peroxide, and aqueous ammonia  Each of these
chemicals are used in small quantities

Most spotting chemicals used today are purchased from a company that supplies
proprietary products to the industry At Tuchman Cleaners, the majority of
spotting agents were products from the Laidlaw Corporation and R R Streets
Corporation Sowme of the products used most frequently at this shop were
Picrin®, Wetspo®, Ban-Tan®, and amyl acetate Picrin® is primarily
trichlorcethylene Wetspo?® ig a mixture of butyl celluselve, aromatic 100,
perchlorcethylene, and potassium hydroxide  Ban-Tan® is a mixture of hexylene
glycol and diacetone alcohol

Spotting chemicals and chemical mixtures are either solvent-based liquids or
water-based detergents  They were held in small plastic squeeze bottles and
applied te the stain when needed Spotting was performed om a spotting board
equipped with pressurized air, steam, and water guns designed to flush the
chemicals and stain from the garment Air, steam, a small 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, and they were held
in a storage reservair until being discarded

The c¢lothing was weighed in a basket prior to leading inte the machine  The
maximum capacity for the machine was 60 pounds of clothing, however, according
to log sheets, loads placed intoe the machine ranped from 40 to 60 pounds  The
welght of every load was logged onto a daily record Dry ¢leaning is a three-
step process, involving the following washing, extracting, and drying A
diagram of this process can be seen in Figure 3 (See Appendix B for dry
cleaning techoology) Tc begin washing, clothes were manually loaded into the
cylinder of the washer through the frent door After the door was closed,
PERC was pumped from the solvent tank into the cylinder Detergent was added
te each load, based on the weight of the load

The contents of the machine cylinder were then agitated which allowed the
solution to remove soils Following this step, the clothes were spun at a
hizgh speed to extract the solvent  When #ost ¢f the solvent had been removed,
the garments were manually transferred to the reclaimer where the fabric was
tumbled dry

The dry-cleaning transfer unit consisted of a J & T® Model 60, 60-pound,
washer and a Hoyt® Mpdel SF-145 Solvo-miser reclaimer Both machines were
over ten years old Both the washer and reclaimer were connected to a
Kleentite® Vapor Condemser  The reclajmer had a water cooled condenser, and
the separate vapor condenser used refrigerant The reclaimer operated in
three different modes dry, cool, and aerate  During the 1l to lé4-minvte dry
mode, the recirculated air was heated by steam and then cooled in the
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condenser to recover PERC The air was heated to approximately 140 °F

During the drying mode, mo fresh air entered the system and no alr wae
exhansted Air was passed through the garments, a2 lint filter, ceoeling colls,
and finally through a heating coil and back to the drum While passing
throngh the cooling ecoil, PERC vapors condensed to liquid form and were
directed to the separator where the water was removed Liquid FERC flowed
back into the tank while the water was piped to an external container

During the coel mode, which takes é to § minutes, ambient air entered the
machine and was diverted to the separate vapor condenser where it was cooled
to recover PERC This step reduced excessive wrinkling During the final
aeration cycle, fresh air was drawn inte the reclaimer and exhausted outside
of the building In a normal day, eight to twelve loads of clothing werte
processed

Garments removed from the machine were placed into a basket and then hung on a
rack to await pressing Carments were pressed to remeve wrinkles and to
restore their original shape The garments were placed on speclalized
pressing equipment, coming in a variety of shapes and sizes, and using steam
heated to temperatures around 300 °F These utilicy presses and shirt presses
were manufactured by Forenta® When the garments were properly situated, they
were pressed between rwo surfaces, at least one of which was hot, to remove
the wrinkles Some of the equipment used included general utiliry presses,
puff irons, pants toppers, finishers, electric¢ irons, bosom, hody and yoke
presses, collar, cuff and yoke presses, and sleevers OUmnce the garments were
completely pressed, they were wrapped in plastic and stared on the overhead
rack to awalt customer pick-up



PERC used in the wash cycle was cleaned continuously by passing through a
Kleen-rite® filtrarion system Kleen-rite® clay and carbon filters model
KR131 were used to remove soluble and insoluble spils Normally, fileratiom
is used to remove most of the insoluble sodls, and distillation is used to
remove most of the soluble soils There were fivye filters in two separate
tubez Filters in each tube were changed after cleaning 8,000 pounds of
¢lothing Distillation was eliminated along with the need to clean the still
or dispose of hazardous waste produced during distillation

A local centractor supplied and delivered PERC when needed The solvent was
delivered by a truck through the rear door of the building and pumped directly
into the washer's button trap which eliminated employee handling  General
dilution ventilation consisted of one large, propeller fan located in the wall
above the restroom There was also an exhaust fan from the boller room and an
HVAC supply unit near the rear of the ghop and near the shirt pressing atea
Air was exhausted ourside of the buillding Several celling fans were located
throughout the shop te circulate air

HAZARDS AND EVALUATION CRITERIA
POTENTIAL HAZARDS

Exposure to PERC is the primary health hazard for workers in dry cleaning
facilities today For a complete description of the potentiel hazards, please
refer to Appendix ¢

EVALUATION CRITERIA

The current Occupational Safety and Health Administration {0SHA) permissible
exposure limit (PEL) for PERC 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 3-hour pericd ! (SHA had lowersd the PEL to
25 ppm in 1989 under the Air Contaminants Standard * In July 1992, the lith
Circuit Court of Appeals vacated this standard OSHA 1s currently enforcing
the 100 ppm standard, however, some states gperating their own QSHA-approved
job safety and health programs will continue to enforce the lower limits of
25 ppm  OSHA continues to encourage employers to follow the 23 ppm limit *
N10SH considers PERC to be a potential occupational carcinogen and recommends
that exposure be reduced to the lowest feasible concentration

METHODOLOGY
INDIISTRIAL HYGIENE SAMPLING

One objective of this site vislt was to evaluate the effectiveness of the
trangfer dry cleaning machine for controlling worker expogure to PERC
Personal, area, and background air sampling was conducted using NIOSH

Method 1003 for halogenated hydrocarbons  This methed calls for the use of
100 mg{50 mg coconut shell charccal tubes and carbon disulfide desorption
Analysls was done using a gas chromatograph with flame lonlzetion detector
Samples were collected over a 120-minute time period with a flow rate of

0 1 liters/minute and a volume of 12 liters The limit of detection for this



process was 0 Q! mg/sample * Five-minute samples were gathered at a flow rate
of 0 2 liters/minute during the transfer operation and changing machine
filters

Area samples ware taken at various locations threughout the shop  Air
sapples were collected in front of and behind the washer and reclaimer, in the
pressing area, near the custcomer counter, and outside the building (Figure 1)

Full-ghift TWA perscnal sampiing was gathered for the machine operator, as
well as, both pressers TWA personal sampling results were compared to
25 ppm  No ailr sampling was done for the spotting chemicals

VIDEQ EXPOSURE MONITORING

Real-time wonitoring was used to study in greater detaill how specific manual
tasks and maintenance cperationg affect worker exposure to PERC  Some of
these procedures occurred frequently throughour the day, such as
loadingfunloading and transfer while othera were less often, such as cleaning
the buttonflint traps or changing filters Most of these tasks took between 5
and 30 minutes  Real-time monitoring of PERC exposures were performed using a
MicroTIP#® IS53000r (PHOTOVAC Inc, Thotnhill, Ontario} with a 10 & EV
ultraviolet lamp This instrument uses a photolonization detector to provide
an analog output response proportional to the concentratien of ionizable
pollutants present in the ajr The MicroTIP® waz spanned uwsing 100 ppm
isobutylene span gas and calibracted using five standard concentrations of PERC
gag Instrument readings and actual PERC concentrations wete used to
construct a calibration curve and find a predictive equation  The following
formula was used to convert the output of the PID (velts) to concentration of
contaminant (ppm) C{t) = IR(t} * CF* MR

where

Cit) = concentration of vapor at time t (ppm)
IR(t} = instrument responsze at time ¢ (volts)

CF = conversion factor from calibration egquation
MR = HicreTIP® range

Information gathered using the MicroTIP* was electronically recorded on a
Rustrak® datalopger (Rustrek® Ranger, Gulton, Inc , East Greenwich, RI) and
downleaded to a portable computer using Pronto® scoftware During the
gathering of real-time data, a video camera was used to record worker
activitieas This videotape 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 pff-gassing of garments and
compare vapor recovery efficiency betweén machines This was accomplished
using a standard test swatch approximately 5 inches by & Iinches made of

51 percent rayon and 49 percent polyestér When the dry cycle had ended, the
test swatch was placed in a small glass test chamber As the PERC regiduals
vaporized, the concentrations of emitted PERC were monitored and recorded
using the MicroTIP® and Rusgrak® datalogger The apparatus for measuring
off-gassing can be seen in Figure 2



VENTILATICN

Gleneral ventilation measurements were taken with a Kurz® model 1440 velometer
with a measuring range from 0 to 6,000 feet per minute Airflow near the dry
cleaning machine was qualiratively evaluated using smoke tubes Alr velocity
measurements were made at the open face of the washer and reclaimer door The
capacity and dimensions of general dilution ventilation systems were also
recotded

ERGONOMICS

Hazards and risk factors present during the pressing operation were evaluated
by examining workstatlon design, anthropometry, and conducting time studies of
the tasks performed Based upon walk-through surveys, preliminary information
indicated that high repetitionfinsufficient recovery time and awkward postures
may be risk factors present during pressing operations Interaction of these
and other tisk factors have been shown to result in cumulatlve trauma
disorders ’

Repetitiveness and recovery time was evaluated by examining cycle time  This
was accomplished by videotaping and analyzing tasks in their elemental forms
Low repetition jobs can be classified as such if the cycle time exceeds

30 seconds or less than half the cycle time involved performing the same kind
of task High repetition jobs are those with cycle times less than 30 seconds
or over half the eycle devoted to similar tasks ? Awkward and sustained
postures performed during the pressing operation were examined to determine
whether they were a problem in light of the guidelines which can be found in
the current literature Each of the tasks were videotaped and measurements
were made to determine height, reach, anthropometric envelope, and physical
layout of the workstation

RESULTS AND DISCUSSION
INDUSTRIAL HYGIENE SAMPLING

Results of the individuml air samples can be seen in Appendix E  Sample
locarions are shown in Figure 2 A summary of personal air samples for each
day can be seen in Figures 4 and 5 All but cne of the daily, full-shift TWA
personal samples taken at this shop were below 25 ppm Time-weighted average
exposures would have been lower if sampling had occutred for a full 8-hour
shift, however, the dry cleaning machines were not operated for a complete
elght houre during this survey They typically operated six or seven hours

Statlstical analysis was performed on log transfotmed air sampling data for
PERC Anslysis of variance (ANOVA) showed that sampling location and job
title had a significant effect upon concentration {probability > F < 0 0001)
A multiple comparison test with 5 percent significance level, least
sipgnificant difference (LSD}, was used to examine concentration differences
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As expected, the machine operator, who was also the shop manager, had the
highest full-shift sxpasure to PERC which ranged from 7 8 to 26 & ppm TWA on
varicus days The operator’s TWA exposure for the entire survey was 19 5 ppm
The bulk of this exposure resulted from loading/unloading the machine, garment
transfer, and malntensance The highest average exposure during a two hour
sampling occurred to the operator on the second morming of sempling  That
two-hour sample was 42 3 ppm

On each day of sampling, the operator’s highest exposures cccurred in the
morning In addition, in zlmost all cases the operater’'s lowest exposures
pecurred near the end of the day Two factors apparently contributed to this
result 1} The two doors near the dry-clesning area were not cpened early in
the worning This prevented much of the PERC vapors from dissipating
resulving in higher exposures 2} The loads in the morning were usually
larger than the loads later in the day

This phenomena was just the opposite far the two pressers The pressers ware
exposed to the greatest concentrations of PERC in the afternoon and the lowest
concentracions in the morning When the sheop doors were opened, the air
currents carried PERC from the dry-cleaning area to the pressing area The
two pressers of dry-cleaned clothing, who did not work in as cleose proximity
to the machine as the operator (see Figure 1}, but did work clesely with dry
cleaned clothing were expeosed to between 3 3 and 3 8 ppm TWA during the entire
survey Statistical analysis showed a statistically significant difference
between the operator's TWA exposure and that of the pressers  Thare was not a
statistically significant difference between the two presser’s exposures

Five and fifteen-minute personal samples were tzken during tranafer operationa
and filter changing Neither of these activities exceeded the OSHA ceiling of
200 ppm or OS5HA peak of 300 ppm  Exposure during transfer operations was

57 5 ppm for a S-minute period and 21-22 ppm duvring a fifteen-minute period
Exposure during filter changing was approximately 121 ppm for 3 minutes and
118 ppm for 1% minutes The length of time for the tasks probably contributed
to the obeerved concentration differences

Results of area air sampling can be seen in Figure 6 The highest ares
concentrations were detected on samples located above the reclaimer door The
geometric mean concentration above the reclaimer door for the entire survey
was 15 2 ppm which was gignificantly different from samples in all other areas
of the shop This result suggests that the reclaimer is an important source
of PERC emissions Real-time monltoring results presented in the following
section clearly indicate which operatlions cause PERC emissions

Although no vapor leaks were detected when using the MicroTIP®, certain areas
around the machines had higher concentrations of PERC At some times during
the day, concentratlons near 200 ppm were measured behind the washer The
lowest concentrations measured were found in the reception area  Bulk samples
were taken of the water separator run-off to see if any PERC exposure could be
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originating from this source Laboratory analysis found only 2 96 micrograms
of PERC per gram of sample The limit of detection was 0 J mierograms per
gram of sample

REAL-TIME MONITORING

Video recording and real-time monitoring was performed during leading and
unloading the machine, transfer operations, and cleaning the button traps,
lint filter, and solvent filters Real-time monitoring was also used to
evaluate garment residual off-gassing The MicroTIP® was set for a measuring
range between 0 to 200 ppm and D to 2,000 ppm depending on the operation being
menitored

Clearly, the most significant source of exposure to the operator occurred
during leadingfunloading the machines and garment transfer  Exposures during
this procedure reached instantaneous concentrations between 1,000 and

1,500 ppm  More importantly, leading/unloading and transfer oceccurred
frequently throughout the day, approximately eight te twelve times a day
depending on business Machine maintenance mormally occurred once a day, and
some maintenance tasks, such as changing solvent filters, occurred less
frequently

Figures 7 and 8 show real-time data during transfer of garments from the
washer to reclaimer, loading the washer, and hanging the garments Transfer
describes the process of unloading clothing from the washer and lmmediately
loading them into the reclaimer There were a number of similarities between
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these two figures Statistical analysis of the dara indicated that the
highest average exposures, 500-600 ppm, occurred during the transfer
Foallowing transfer, the next highest exposures occurred during loading the
washer, unloading the reclalmer, and hanglng clething For both figures,
hanging the ¢lothing took the leongest time In fact real-time monitoring was
stopped before hanging an entire load of clothing A comparlson between
unleading the reclalmer, transfer, and loading the wssher indicated thar
transfer generally toock more time

Again as was seen in earlier surveys, loading was responsible for a greater
average exposure than unloading During earlier surveys, which were primarily
done on dry-to-dry machines, loading and unloading occurred on the same
machine At this shop the loading was performed on the washer and the
uvnloading was performed on the reclaimer  Surprisingly, average PERC
exposures during the transfer eperation were not as high as average PERC
exposures from some of the dry-to-dry machines studied at other shops The
concentration-time product (area under the curve} was also higher during
transfer than during any other task in these two figures

Real-time analysis of the garmwent hanging operatlons found that although it
took a wmuch longer period of time than other tasks, the average exposure was
relatively low, 14-21 ppm Seme of the bulkier garments which retain solvent
and take longer to dry resulted in instentaneouns exposures near 70 ppm,
however, these peaks still resulted in a relatively low average expaosure
QOperator exposure could be reduced by more than half by eliminating exposure
during loading, unloading, and transfer This can be seen by determining the
operator’s TWA total concentration-time product in ppm*seconds during the
wotkday from air sampling (25,200 seconds * 10 5 ppm = 491,400 ppm¥eec) and
comparing this to the operator total ¢oncentration-time product during
loading/unloading and transfer from real-time measurements (25,370 ppw¥sec ¥
10 times/day = 253,700 ppm*sec/day)

Figures 9 and 10 show exposure during machine maintenance activities

Figure 9 shows exposures during cleaning the lint and butteon traps and
disposing of the hazardous waste  Notmally this occurred approximately once
each day The average exposure during these activities were 25 5 ppm

Figute 10 shows exposures during changing the solvent filters There was no
still to be cleaned on this machine; rather, the clay and carbon filters were
used to remove both soluble and inscoluble soils  There were several tubes
which held five filters each  Each tube was changed approximately once for
every 10,000 pounds of clothing cleaned or once a month The filters were
approximately 1 foot in diameter and 18 inches long Each filter had a hole
which ran through the middle of it Real-time menitoring revealed that the
greatest exposures occurred when the filter was placed inte the hazardous
wagte container and when the new filters were placed into the tubes
Apparently, contaminated air is displaced when the filter was placed into the
tube or canister

Although waterproofing dip-tank operatlons were not evaluated during this in-

depth study, exposures during this procedure at other shops were extremely
high because the operator worked over an open tank of PERC and other chemicals
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when waterproofing clothing The clothing was dipped in the PERC and then
ralsed and allowed to drain It was then hand carried to the dry cleaning
machine Like the other shop studied, there was no ventilation during this
procedure It 15 highly likely that both peak and ceiling exposure limits
will be exceeded during waterproofing

Finally, the garment off-gassing experiment is shown in Figure 11 During an

average c¢ycle, the machine was less effective than many other machines studied
at recovering solvent from the garments The total PERC off-gassing from the

test swatch was 10,690 ppm*sec or 89 0 mg PERC/kg cleth

VENTILATION MEASUREMENTS

Ventilation measurements were taken at the face of the open washer and
reclaimer doors Measurements taken with a Kurz® hot-wire velometer showed
that the face velocity at the reclaimer door was approximately 78 feet per
minute {fpm)}, and the air flow was approximately 22] cubic feet per minute
{(cfm) The face velocity at the washer dootr was approximately 39 fpm, and the
air flow was approximately 69 cfm Smoke tubes indicated that the reclaimer
was able to capture alr approximately 2 feet in front of the open door, and
the washer could capture alr approximately 1 foot im frent of the open door
Several ventilatilon measurements were taken in front of the two exterler
building doors mearsst to the dry-cleaning area Smoke tubes showed that air
was trushing into the buillding through both of these doors Alr velocity
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measurements and air flow calculations showed that approximately 6,800 cfm was
entering the building through the door behind the washer  Approximately

4,600 cfm entered the building through the door near the pressing area  The
air entering the building from behind the washer was able to carry some cf the
PERC vapors from the dry-cleaning area into the pressing area  The air
¢urrents entering from both doors collided in the pressing area  This
resulted in the swirling effect which can be seen in Figure 12

Unfortunately, the reclaimer exhaust ducts were in a poor location During
smoke tube testing it appeared that much of the PERC laden air that was
exhausted outside of the building reentered the buillding threugh the door
behind the washer

Other exhaust fans in this buillding did an adequate Job for cooling, however,
they had very little effect at diluting air contaminants  Contaminant
dilution could have been improved by optimlzing general ventilation and
installing windows which can be opened to permit fresh air to enter

OBSERVATIONS

There were approxXimately five maintenance personnel responsible for
maintaining the 31 Tuchman shops in the Indianapelis area  No liquid solvent
leaks were detected in this shop during the visit, hawever, high
concentrations were measured behind the dry-cleaning machines A leak
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Figure 12 Alr currents near the dry-cleaning machines
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detector was not preseant at this shop, however, maintenance personmnel from the
main shop had a TIF® model 5050 halogen leak detector that was used
periodically, and visual checks for leaks were performed and logged every
week

This shop had an extremely high ceiling, approximately 18 feet  This
permitted the PERC coming from the dry-cleaning equipment to diffuse into a
larger volume of air There was also significant alrflow through rthe dry-
cleaning area when both doors were opened A comparison of International
Fabricare Institute (IFI) operator exposure data for similar equipment
indicates that exposures at this shop were extremely low for the type of
equipment being used This can probably be attributed to two factors  the
large open area with very high ceiling and the significant air flow when the
doors were opened

There were no open containers with solvent or solvent contamlnated items
cbserved Blue hazardous waste storage barrels were located behind the dry-
cleaning machines  Passive monitoring for PERC was conducted at this shop on
an annual basis A review of the spotting agents which were used revealed
that some of the chemicals were held in unlabeled containers

PERSONAL FROTECTIVE EQUIPMENT

Personal protective equipment at this shop consisted of respirators and

gloves Personal protective equipment was stored en a first-ald shelf between
the boiler room and dry-cleaning area  The resplrator was a North® Medel
7700-30M, half-face, respirator with organic vaporfacid gas cartridges The
gloves were latex surgical gloves The respirator was only used by the
operator inm case of a PERC spill and was not used during transfer The
managetr stated that surgical gloves were sometimes used at the gpotting
station if a garment was contaminated with body fluids Maintenance personnel
did wear a half-face respirator with organic vaporfacid gas cartridges when
changing filters, however, neither gloves nor a chemical protective apron were
worn There was no perscnal protective eguipment training and ne respirator
fit testing Management required all new employees to sign a standard BAZCCH
form, which explains the hazards present, when they are hired

ERGONOMICS

Along with exposure to PERC during the dry-cleaning process, some employees
may also be at risk of incurring musculoskelietal strain due to the repetitive
work performed Job analyses were performed on the parment transfer,
pressing, and bapgging operations The following 1s a brief description of the
jobs investigated, the sub-tasks associated with each, and related findings
and cbzervations

Garment Transfer

Garment transfer consisted of tramsferring cloething from the washer to the
reclaimer The amount of clothes handled and the frequency of handling during
the transfer process was dependent on what an employee could functionally
"grab," which can vary per load The tasks associated with this process were
identified as follows
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-Moving a catt filled with dirty garments to be placed inside the washer
Three different types of carts were used, and the dimensions are showm in

Table 1
Table 1
Cart Dimensions
Cart Helght (in) Widch {(in) Length (in)
I 33 15 27 37 35
I1 29 5 21 29
111 2B 5 i 5 31 5

Note <Cart II1 1s eguipped with a scale to measure the weight of the load
being placed in the cart

-Unloading the reclaimer, hanging clothes such as shirts and blouses, and
placing pants on a cart or table to be transferred to the pressing area
(Time required for thils task may vary During this study unlosding time
was approximately 13 to 20 seconds),

~Unloading the washer and loading the reclaimer (transfer time was
approximately 15 te 30 seconds),

-Loading the washer with the next load of clothing {(the loading time was
approximately 10 to 15 seconds),

-Setting the controls and tumning on each wachine,

-Sorting, if necessary, through dried clothes for specific presser
designation,

-Transparting driled clothing to the pressing area

At this particular shop the washer and reclaimer were next to one another,
reguiring the garments to be carried approximately 72 inches during transfer

Pressing Operations

Pressing operations consisted of four separate workstations two multi-preses
stations for pants, sults, dresses, skirts, coats, and some shirts and
blouses, & shirt pressing station, and another station for less typilcal items
spuch as draperies (NIOSH researchers did not evaluate the drapery presses
during the evaluarion) A ralling was suspended from the ceiling to
approximately 74 inches above the floor (the rall height varied due to floor
unevennesg) The ralling was located at each pressing statlion and used to
hold garments and aid in their transport
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Multi-press Station
The multi-press station consisted of genersl utility presses, puff irons,

pants toppers, a Bteam-fed partial mannequin "suzie™, and a hand iron The
process at this station began by grasping garments from the overhead railing
or cart and edther placing them on the "suzie", or the pressing machine The
deciglon to use the mannequin depended on the type and material of the

garment The mannequin was typically used for jackets, coats, and dresses

The presser placed a garment on the mannequin and activated a foot lever which
would gradually release steam The presser then began to press other garments
on the utility press

The utility press was positioned horizontally The base cof the machine was
stationary and the top of the press, which was wobile, was activated by the
press operator Clothing was positloned oo the pad and the operator
simultaneously activated the pressilng 1id and steam via twc hand controls and
a foot pedal Once the l1id had closed the operator pressed down on a lever
located on top of the 11d to increase the pressure and gteam on the garment
This procedure was repeated until the artiecle 0f clothing was fully pressed
The operator frequently utilized a hand-held iron to remove smaller wrinkles
that were difficult to remcove with the utility press The iromn, welghed
approximately 8 1lbs, and was connected to a steam line, and equipped with
small buttons and levers for steam generation and regulation

The shirt collar and cuff press was similar to the top loading press  The
prese loading process consists of placing the shirt’s collar and cuffs on
designated pads and activating the top load press with a front lever bar
Additional steam and pressing action was avallable from levers located on the
top load press  As with the larger presses, this machine had an automatic
timer which stopped the pressing

One potential concern revolved arcund the dynamic nature of this job

Although preesing did not appear t¢ include heavy lifting, it was highly
repetitive and involved some awkward postures due to excessive reaching
Because the pressing stations could not be adjusted, an average sized person
may be required teo reach beyond their nermal limit This was evident with the
use of the material rack The rack was over é feet high requiring an average
pized employee (male 70 inches, female 64 iInches) to frequently reach well
overhead when hanging pants or shirts While the dynamic nature of this task
was primarily limited to the upper extremity, the static posture of the lower
extremity could also present potential problems Aside from scheduled work
breaks the employees stood for most of thelr workday There did not appear to
be any quality rubberized flcor mats at the pressing stations which could
reduce leg fatigue

Shirt Pressing Station

The shirt pressing station included four separate workstations that were used
primarily for pressing men’s shirts Each station contained three pieces of
equipment , which were operated by one worker who stocd in the middle of the
three machines A desecriptien of the machlnes follows

{One machine, the cabinet bag sleever, was devoted to pressing shirt sleeves
Sleeves were fir over two vertical posts and placed onto the sleever, one
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shirt at a time One machine, the collar and cuff press, was used for
pressing shirt collars and cuffs This machine was similar to the collar and
cuffs press described earlier

One machine, the buck cabinet basom, body, and yoke press, was deslgned to
press the front and back of the shirt Each shirt was fitted over a vertical
plate which moved in and out of the presser Two separate alternating plates
were used

These machines were located adjacent to one another with the cabinet bag
sleever machine in the center, and the other two machines located on elther
gide perpendicular to the sleever Within thls area, a shirt was often fit
over the top of a stand with the collar buttoned to allow passive stretching
of the collar This helped to prevent shrinkage due to cleaning

At this particular station the employee was able to work at all three machines
simultaneously The automatic nature of the shirt pressing operatioms allowed
the employee to go from machine to machine spending 10 to 15 seconds on each
machine  The concerns of physical stress to the employee at this statlion were
simllar to the concerns in the multi-press station

Garment Bagging Area

This was the area where cleaned and pressed garments were wrapped in plastic
bags just prior to bheing placed on the overhead conveyor system behind the
customer service desk  The clothing were on a hanger and hung on an
adjustable "bagging pole " Initially, the pole height was approximately

38 inches, but it could be extended to a height of approximately 68 inches
The clothing and the pole were placed under a plastic bag dispenser, where a
bag was manually pulled over the garment and hanger while aveiding the pele

CONCLUSIONS AND RECOMMENDATIONS

Controls at Tuchman Cleaners {(Shcp 24) maintained full-shift TWA exposures teo
PERC below the OSHA permissible exposure limit (PEL) However, opetator,
full-shift, TWA PERC exposures exceeded 25 ppm on one of four days  Twenty-
five ppm is the exposure limit that 0SHA encourages dry cleaners to remain
beneath  NIOSH recommends controlling PERC to the lowest feasible
concentration The highest TWA personal exposures were for the dry cleaning
machine operator/manager who was exposed to spproximately 19 5 ppm TWA during
the entire survey The two pressers who were sampled were exposed to between
approximately 3 3 and 3.8 ppm TWA for the entire survey

The primary source of exposure to the workers in thils shop was the dry
eleaning machine Real-time evaluatien showed that loading and unloeding of
the machines and garment transfer had the greatest impact upon exposures

Over half of the operator’s total exposure was due to loading, unioading, and
transfer The operator's exposure could be dramatically reduced by improving
controls during these activities

There are a number of different measures which could reduce exposures during

loading, unloading, and transfer The most important step which could be
taken is to purchase dry-teo-dry equipment which completely eliminates the
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transfer operation Data from the Internmational Fabricare Institute indicates
that since 1983, TWA worker exposure using dry-te-dry machines was less than
half of the exposure using transfer equipment ° When purchasing new dry-to-
dry equipment, it is important to ensure that the equipment has certain key
features which aid in exposure raduction First, the dry-te-dry mathlne
should have two vapor recovery devices a refrigerated condenser and carbon
absorber The carben abscorber should have enough carbon to capture PERC for
at least a weeks worth of clothing and ideally should desorb autcomatically
Another important feature is adequate ventilaticn around the door of the
machine Air velocity near the face of the machine door should be
apptoximateliy 100 fpm toc minimize escape of contaminated vapers into the
worker's breathing zone

If Tuchman Cleaners 1s unable to replace their transfer equipment immediately,
other measures could be taken ta further reduce exposures  Local exhaust
ventilation could be used to significantly reduce exposures  This eould occur
by modifying the current system with a larger fan or by adding simple,
inexpensive, external local exhaust ventilation consisting of an exhaust fan,
duct work, and hood The fan must provide sufficienc airflow to prevent
escape of vapor through the loading door into the workers breathing zone A
generally accepted air velocity is 100 fpm *!' A larger fan could be added to
the current system which would inerease the airflow and reduce residuals
escaping from the cylinder and reaching the operator’s breathing zone during
loadingfunloading 4 simple, inexpensive, external local ventilation system
with a separate exhaust fan, duct work, and hoed is anether option  The
captured air could then be ducted cutside the building or te a vapor recovery
unit Exposures during unloading have been shewn to be reduced from 1,000 ppm
to 28 ppm using a fan which operated at 990 ¢fm with a slotted hood design **

Controls should be implemented £o reduce exposures during waterproofing
operations This could cecur in a number of different ways  Waterproofing
dip-tank operations ¢ould continue as they are currently being dene if local
exhaust ventilation were used along with proper respiratory protection and
gloves A better optlon would be to consider purchasing equipment such as a
dosing unit or separate tank so that waterproofing could be performed in the
machine irself Although waterproofing is done on an infrequent, as needed
basisg, it 1s a very significant source of exposure when it does cccur

Process isolation can be examined from two perspectives  between shops and
within the shop 0f all 31 Tuchman Cleaners in Indianapolis, only two were
"dry stores" where no dry cleaning occurred TWorkers at these two "dry
stores” were isolated from slgnificent exposures to PERC By converting gome
of the stores which do dry cleaning on the premises teo "dry stores," exposures
to some of the workers would be reduced

Process isolation was not used within this shop, however, it could be used
because this facllity was relatively large Some facilities have used a wall
or barrier within the shop to separate the dry cleaning wmachine area from
pther areas of the shop The Envirconmental Protection Agency currently
requires dry c¢leaning faecilities with a transfer machine that uses aver

1,800 gallons of PERC per year to install a room enclosure and vent the
anclosure to a carbon absorber !* The majority of PERC emissions originate
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from the machine Igolating employees from the dry-cleaning machines by
gicher time or space will reduce exposures to the emplayee

There were no visible liquid lesks As machines age, leaks may develop and
should be repaired promptly Proper maintenance is {nstrumental in reducing
leakage Liquid leaks are more easily seen 1f proper maintenance and
housekeeping is performed Lint build-up is a real problem in most dry
cleaning shops If lint is allowed to accumulate on the floor and in and
around equipment, leaks are much harder to locate  Gaskets prone to
deterioration must be inspected and replaced on a regular basis  Solvent
usage records can be a valuable indicater of solvent leaks or machine
malfunctions Several devices can aid in leak detection  These include the
halide torches, photoionizatien detectors, and pocket dosimeters  The passive
exposure monitoring devices used annmally in this shop will not aid in leak
detection but will alert management when an exposure problem exists '*

Use of personal protective equipment (PPE} at this shop, like almost every
other dry cleaning shop in this study, was not in accordance with Federal
Regulation 29 CFR 1910 134 because there was no established program In
addition teo the measures mentioned earlier, pccupational exposure could be
further reduced through the proper use of PPE FFE does nothing to reduce or
eliminate the source of the hazard and must be used properly to be effective

Though not tecommended by NIOSE, because PERC is a potential ocecupational
carcinogen, the current respitators {(half-mask faceplece with organic vapor
cartridges), used for short-term exposures to low concentrations of PERC, must
have the cartridges changed prior to brezkthrough (approximately 130 minutes
based on room concentrations) !* Regular cartridge changes are important
because the odor threshold of PERC {s 27 ppm, and a worker may not smell PERC
until significant breakthrough and exposure has occurred **

Where employees must wear respirators, an appropriate respiratory protectian
program in accordance with 29 CFR 1910 134 must be instituted This
regulation, shown in Appendix D, contains provisions for

© a written standard operating procedure

©  respirator selection based upon hazards

© instruction end training of the user concerning the proper use and
limitations of respirators

o regular cleaning, disinfection, and proper storage

¢ medical review of the health and condition of the respirator user

o uge of certified respirators which have been desigued according to
standards established by competent authorities ?

It is recommended that at a2 minimum, proper respirators and gloves be used
during machine maintenance and waterproofing operations by the operator

Gloves and gopgles should be used to reduce exposure to hazardous clemicals
such as PERC Gloves provide limited dermal protection and should be made of
sglvent resistant materials, such as Viton® fluorcelastomer, polyvinoyl
alcohol, or unsupported nitrile When a specific glove 1s chosen, factors
such &z permeation, durability, dexterity, and ¢ost should be considered
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Viton® and polyvinyl alcoheol have a PERC breakthrough time in excess of eight
hours '* A 1987 study showed that unsupported nitrile was impervious to PERC
after a Z-hour challenge periocd ¥ Some of the drawbacks associated with
these materials are that Viton® is expensive, pelyvinyl alcohol significantly
reduces dexterity, and unsupported nitrile has a high permeation rate
Whenever swelling or softening of the gloves or seepage of PERC into the glove
i5 cbserved, the gloves should be replaced Gloves should alszo be regularly
checked for perforations and cuts

Chemical splash goggles should he worn to prevent eye injury when workers are
using hazardous chemicals  Acecidental contamination of the eye could result
in minor irritation or complete loss of wisien Use of chemical splash
goggles 1s particularly important during malntenance operations,
waterproofing, and spotting Additionally, location of the eye wash station
in the restroom is unacceptable  An unobstructed eye wash station should be
installed in the vicinity of the dry clesning wachine and spotting statiom to
provide prompt eye irrigaticn in the event it is needed If chemical
contamination of the eye does occur, prompt irrigation for at least 15 minutes
can play a deciding role in limitinpg the extent of damage

Many of the ergonomic hazards at this facility involved repetitive motions and
awkward postures  Most of these problems occurred at the pressing statioms

A number of measures could be taken in order to control these hazards

Redesign of the workstation could be used to eliminate many of the awkward
postures and excessive reaching performed  Frequent breaks and worker
rotation are often used to control the hazards of repetitive tasks  The
following measures appear to be feaslble optiens at this facility and should
help to reduce ergonomic risk facrors at the workstations studied

Garment Tramsfer Recommendatione
-Educate and train employees to modify their work technique to grab no
more than 15-20 ibs cof c¢lothing during the cransfer operation,

-Raise the bottom of the clothing cart te 16 inches off the ground or
provide a cart wirth spring loaded bottom no less than 16 inches off the
ground that raises the clothes as the cart is unlocaded This should
reduce the amount of bending and reaching the operator must perform

Multi-press Statlon Recommendations-
-Provide a utility press that permits vertical and horizomtal adjustment
at the point(s) of operation,

-Reposition the hand iron platform in greater proximity to the worker to
reduce excessive reaching Also, provide a suspension device to reduce

the amount of weight that the presser must 1lift

-Replace the two-hand controls with proximity sensors to reduce stress on
the fingers,

-Provide a 3/8 inech thick rubberized floor mat with a beveled edge to
reduce leg fatigue
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Shirt Pressing Station Recommendations
-Ralse the height cof the cabinet bag sleever hand controls closer to the
peint of operatlon to reduce excessive reaching,

-Replace the two-hand presser activation buttons with proximity sensors
to reduce srress on the worker’s fingers,

-Develop & "button pulling" device/tool to aid the worker in pulling the
collar button through the button hole  This could reduce the repetitive
pinch posture used by the worker

Garment Bagging Area Becommendatrione
=-Provide bapgging poles that are vertically adjustable utilizing hydraulic
foot pedal contrels In the interim, bagging poles should be kept in
good working condition by ensuring they are straight and lightly
lubricated with a non-staining oil

General Observations

The tasks required in the transfer operation and both pressing stations
appeared to be highly repstitive and required reaching and precisien gripping
Such actions in cembination with hligh werk rate and frequency may cause
physical discomfort and musculoskeletal problems for individuals working in
these areas The dry~cleaning industry should work closely with manufacturers
to develop adjustable height workstations

23



APPENDICES

26



APPENDIX A  BACKGROUND

The National Institute for Decupational Safery and Health (NIOSH), lecated 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 Occupational Safety and Health
Act of 1970 This legislation mandated NIQSH to conduct research and
educatlon programs separate from the standard setting and enforcement
funetions conducted by the Occupational Safety and Health Administration
(OSHA) in the Department of Labor  An important area of NIQSH rescarch deals
with methods for controlling ocecupational exposure to potential chemical and
physical hazards

The Engilneering Control Technology Branch (ECTB) of the Division of Physical
Sclences and Engineering has been given the lead within NIOSH to study and
develop engineering controls and assess theilr impact on reducing cccupational
i1lnesz  Bince 1976, ECTE has conducted a large number of studies to evaluate
engineering control technology based upen industry. procesa, or control
technique The ohjective of sach of these studies has been to document and
evaluate control techniques and to determine their effectiveness in reducing
potential health hazards in an industry or at specific processes

In the late 1970s and early 1980s, a NIOSH sponsored engineering control
technology study was conducted in the dry cleaning industry * Since that
srudy, significant changes involving equipment, processes, and work practices
have occurred within the industry Many of these c¢hanges were initiated by
new epidemiologic, toxicologice, and environmental data for the primary
solvent, perchloroethylene (FERC) This industry currently has In excess of
30,000 commetcial shops and approximately 244,000 employees in the United
States *

Scome studies have shown that in addition to the numerous adverse health
effects already known for PERC exposure, there is evidence of
carcinogenicity ** PERC 15 a koown animal earcinogen,” but there is
inadequate evidence of human carcinogenicity ** 1In December 1991, the
Environmental Protection Agency began regulating FERC as a hazardeus asir
pollutant under Section P12 of the Clean Air Act  This regulation was based
on environmental research that PERC was a toxic air pollutant »

The industry has responded wirh increased research into alvernative solvenks
and cleaning methods, a shift from transfer machines to closed loop, dry-to-
dry machines, and irmovatioms in vapor recovery equipment and other devices to
reduce occupational expogures and environmental emisslons Many of the
exposure problems identified during studies in the late 1970s and early 1980s
st1ll exist because transfer equipment 1s still being used, many controls
developed by indusrry are cost prohibitive, and some wark practices are
inadequate

Data from the OSHA Integrated Management Information System {IMIS}, from 1984-

1988, indicates that approximately 20 percent of samples taken at dry cleaning
shops exceaded 100 ppm ** More recent and comprehensive data gathered by the
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International Fabricatre Institute's (IFI} vapor monitering seétvice using
passive monitoring badges is shown in Table 2

Table 2%
IFI'S Pagsive Monitering Results
Before 171787 L7187 - 9/30/89 Afrer 10f1789

TRANSFER 5% 3 ppm 48 4 ppm 42 ppm
[AVG TWA FFPM)
>25 ppm 76 2% 59 9% 56 B
2+100 ppm 771 5 6L T 0%
DRY-TO-DRY*%% 20 5 ppm 16 1 ppm 17 2 ppm
(AVG TWA FPM; 16 3 ppm*

L6 7 ppm**
1*25 ppm 24 3% 18 sz 1B 6I*

17 2%%#
¥>100 ppm 103 8 L 3z~

8:**

* Denctes dry-to-dry refrigerated with small vent to purge cylinder at end of dry eycle
W Denates dry-ta-dry vefrigeraced with no vent whatzoevery
w¥% Denpoteés standard dry-to-dry with water-coocled condenser and vent et end of dry cyels

In 1988, the OSHA Director of Yederal-S5tate Operations conducted a nationwide
query of the OS5HA State Consultation Programs asking for high risk gmall
businesses in need of c¢ccupatiomnal safety and health research  The dry
cleaning industry was the second most mentioned small business, falling hehind
autobody repalr shops ?* Preliminary information gathered by the NIOSH,
Division of Surveilillance, Hazard Evaluations, and Field Studies has shown a
high incidence ¢f back pain among laundry and dry cleaning werkers » This
Information has not been gathered exclugively for dry cleaning, and,
additional research and analysis are needed

Besed upon the preceding information, a prelimipary hazard analysis (PHA) was
performed for the dry cleanimg industry For this PHA, & hazard was defined
as an activity or condition that poses a threst of less During this
analysls, the hazards listed below were identified

inhalation of PERC vapors

ergenomic hazards

exposure to hazardous chemicals used in the spotting process
fire/explosion hazards

direct (dermal) exposure to PERC

thermal burns

heat stress

mechaniecal hazards

electrical hazards

slips/tripsf{falls

These hazards are listed from top to hottom in decreasing order cf risk The
depree of Tisk was based upon two factors
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1y 1ikelihood of oceurtrence
2} severity of consequence

Each risk ranking is of a qualitative nature
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APFENDIX B DRY CLEAKING TECHENOLOGY

Two types of machines are generally used in dry cleaning  transfer and
dry-to-dry Transfer machines are older, less expensive, and tequire manual
transfer of solvent laden clething between the washer and dryer This 1s the
poilnt of highest worker exposure Transfer wachimes process twice as much
c¢lothing as comparably sized dry-to-dry machines because the process time is
half that of & dry-to-dry machine Some owners of dry-to-dry machines reduce
the cycle time or excesd the load capacity te increase productivity
Unfortunacely, this practice increases exposuve due to residuals left in the
clothing *

Because of the high expcsures that occur durlng transfer, transfer machines
are no longer manufactured in the United States, however, used or
reconditioned ones can still be purchased Seventy percent of machines today
are dry-to-dry machines using a one step process that eliminates clothing
transfar *' Clothes enter and exit the machine dry  PERC exposure from
dry-to-dry machines is conslderably less than exposure from transfer machines
Most federal and state regulations do not require the use of dry-to-dry
machines, however, a few states, such as Californla and New York, have
introduced legislation to eliminate the use of transfer machines  Worker
exposures below 25 ppm are much mere difficult to achleve using a transfer
machine Most shops are moving or have moved to replace transfer machines
with dry-to-dry machines hecauge of the trend toward stricter regulations from
both state and federal OSHA and the EPA

Among dry-to-dry machines, there are two general types In use teoday  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
esgsentially closed systems which are only open to the atmosphere when the
machine door 1s opened or closed They recirculate heated drying alr through
a vapor recovery system and back to the drying drum There is no aeration
step

Two primary technolegies are used to recover PERC vapors the carbon absorber
and the refrigerated condenser Carbon absorbers remove PERC molecules from
the alr by passing solvent laden vapors over activated g¢arbon, which has a
high adsorption capacity  The PERC is then recovered in & condenser,
separated from the water, and returned to the steorage tank Desorption
typically occurs dally, 1f not done regularly, the carbon bed will become
ineffective for carbon recovery Refrigerated condensers use a refrigerant to
cool the solvent laden alr below the dew point of the vapor to recover the
PERC

Tests have shown that several new technologies are more effective than =
carbon absorber or refrigerated condenser alone They are the Brewes
Consorba® and Dow TVS5® technology  Both of these are s subget of ventless
dry-to-dry machines, which reduce occupational exposure by lowering solvent
residuals in the cylinder The Boewe® Consorba® has a refrigerated condenser
and carbon absorber in series Alr passes through the refrigerated condenser
where solvent 1s extracted A drying sensor in the machine switches to a
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cool-dowm eycle  During this phase, the cooled ajr leaves the refrigerated
condenser and passes through the carbon absorber

Dow's TVS® technology has eliminated the need for condensatien equipment and
returns the vapors directly to the machine cylinder A polymeric adsorbent
has been developed by Dow which has a high capacity for PERG, even at high
vapor concentrations The pelymer 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 control and retrofitted to existing, vented, dry-to-dry
machines, converting the machine to a closed-loop, no vent system This
system can also be used as a secondary control on clesed-loop, refrigerated,
dry-to-dry machines to lower residusls in the cylinder

Dry cleaners use filtration and distillation to recover and purify the
solvent Filtration 1s used to remove insoluble soils, nomvolatile residues,
and loose dves from the solvent  Flltration is usually a continuous process
in which the solvent passes through either an adsorbent powder or filter
cartridge, both of which must be replaced perlicdically Additionally,
powderless, spin-disc filters® and a no filtration process® have been
developed that significantly reduce the generation of hazardcous waste

Distillation, which is used by 90 percent of the industry, separates saluble
oils, fatty acids, and greases not removed by filtration * Distillation
nccurs 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 canmot be boiled off, remain at the bottom of the =ti]l and are
discarded as hazardous waste Both filtration and distillation produce solid
wastes contalning PERC residue
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APPENDIX C  POTENTIAL HAZARDS

Exposure to PERC is the primary health hazard for workers in dry cleaning
facilities today PERC cen enter the human body through both respiratory and
dermal exposure  Symptoms associated with respiratory exposure include the
following  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 National Cancer Institute
{1977) and the National Toxicology Program (1986) have established a link
between PERC exposure and cancer in animzls  Other studies have shown an
elevated risk of urinary tract,* ¥ esophageal,® ** and pancreatic cancer*®*!
among individuals who work in dry ¢leaning establishments Most of these
studies involved exposure to a varlety of solvents and have not been linked to
PERC exposure Cancer mortality research 18 continuing at NIOSH and other
research organizations

Spetting invelves the selective application of a wide variety of chemicals and
steam to remove speclfiec stains Some cof the chemilcals and chemical families
that are used on a fairly regular basis for spotting in addition to PERC are
as follows other chlorinated solvents, amyl acetate, petroleum naphtha,
oxalic mecid, acetic acid, esters, ethers, ketones, dilute hydroflueric acid,
hydrogen peroxide, and aquecus ammonia Individuals who perform the spotting
process could be exposed to toxlc chemicals through skin or eye contact or
inhalation of vapors Use of dilute hydrofluoric acid, which is found in rust
removal spotting agents, poses the greatest risk from acute dermal exposure,
however, many of the chemicals used can cazuse occupational dermatoses from
chronlc exposure to the skin

Previous studies have shown that inhalatjon exposures are minimized due to the
limited quantiries of chemicals and the intermittent nature and short duration
of the task ¥ During personal sampling by the Arthur D Little Company at

the International Fabricare 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 1s skin damage resulting
from chronic or acute exposure or injury to the syes, however, chemicals that
readily vaporize and have a high toxicity could pose a risk from inhalation
Vapor pressutre, toxicity, ventilation, mamner and frequency of use, and air
concentration sheuld all be considered when assessing the risk from

inhalation

Ergonomic hazards in the dry cleaning industry have been given little
attention in the past These hazatds are primarily seen among workers
performing pressing operations where dynamlc and repetitive tasks requiring
reaching, precision gripping, and awkward postures are used They could also
be present during material handling where heavy lifting may occut

The term ergonomic hazard relative to work-related musculoskeletal disorders
refers to conditions that pose a risk of injury or {liness to the
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musculoskeleral system of the worker  Ergonomie hazards c¢an ineclude excessive
manual force, repeated and sustained exertions, temperature extremnes,
vibration, and awkward postures resulting from inappropriately designed
workstations, egquipment, snd work methods Other factors which play a role
are excessive work rates and duration, extermal pacing of work, shiftwork,
imbalanced work to rest rarios, and restriction of worker body movement Work
telated musculoskeletal disorders can result in damage to tendons, tendon
sheaths, muscles, nerves, and ligaments of the area sffected ***

Highly repetitive tasks may consist of rapid and frequent muscle contractions
with high velocity This causes the muscles to develop less tension than
contracting slowly, thereby, requiring more muscle effort and recovery than
less repetitive tasks ’ Insufficlent recovery time can contribute to the
incident rate of cumulative trauma disorders and is often related to
repeticive tasks The prevalence cof tencsynovitis and humeral tendiniris is
significantly higher for workers engaged in machine-paced repetitive assembly
work than for workers with variable tasks  Repetitive motions of the hands
for some workers reach 25,000 cycles per workday ‘¢ Other studies have shown
that muscles subjected to static work require more than 12 times loager than
the original muscle-contraction duration for complete recovery from fatigue ¥
This could be a potential risk factor for pressers® lower limbs because they
spend much of the day standing

Awkward or sustained poetures can pose a risk of biomechanical stress to the
joints of the upper extremity and surrounding soft tissue ’ Several shoulder
allments, such as thoracilc outlet syndrome, have been associlated with workers
repeatedly veaching above shoulder level “® In additien, work postures
involving elevated arms could accelerate tendon degeneration by increasing the
friction of tendons ** This could be related to a decreased amount of

synovial fluid acting as a lubricant
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APPENDIX D
RESPIRATCRY PROTECTICN
{Cade of Fedetral Regulations, 29 CFE 1910 134)

(a) Permissible practice (1) In
the contrel of those occupational
diseases caunsed by breathing air
contaminated with harmful dusts,
fogs, fumes, mists, pases, smokes,
sprays, or vapors, the primary
cbjective shall be to prevent
atmospherie centamination  This
shall be accompiished as far as
feasible by accepted engineering
control measures (for example,
enclosure or confinement of the
operation, general and local
ventilation, and substitution of less
toxic materials) When effective
engineering centrols are not
feasible, or while they are being
instituted, appropriate respirators
shall be used pursuant ta the
following requirements

(2) Respirators shall be provided
by the employer when such equipment
ilg necessary to protect the hezlth of
the employee  The employer shall
provide the resplrators which are
applicable and suitable for the
purpose ilntended The employer shall
be responsible for the establishment
end maintenance of a respiratory
protective program which shall
include the requirements outlined in
paragtaph (b) of this section

{3) The employee shall use the
provided respiratory protection in
accordance with inatructions and
training recelved

{b) Requirements for a minimal
acceptable program (1) Written
standard operating procedures
governing the selectionh and use of
respirators ghall be established

1910 134(b}(2)
{2) Respirators shall be selected
on the basis of hazards to which the
worker is exposed
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{3) The user shall be instructed
and trained im the proper use of
respirators and thelr limitations

(4) [Reserved)

(5) Respirators shall be regularly
e¢leaned and disinfected  Those used
by more than one worker shall be
thoroughly cleaned and disinfected
after esach uge

(6) Respirators shall be stored in
a convenient, clean, and sanitary
location

(7) Respirators uged routinely
shall be inspected duting cleaning
Worn or deteriorated parts shall he
replaced Respirators for emergency
use such as self-contained devices
shall be thoroughly inspected at
least once z month and afcer each
use

(8) Approptriate surveillance of
work area conditions and degree of
employvee exposure or stress shall be
maintained

{9) There shall he regular
inspection and evaluation to
determine the continued effectiveness
of the program

(10) Perscns should not be assigned
to tasks requiring use of respirators
unless 1t has been determined that
they are physically able tao perform
the wark and use the sgquipment  The
local physician shall determine what
heaith and physical conditions are
pertinent The respirator user's
medical status should be reviewed
periodicalily {for instance,
annually)

1910 134(b){11)

(11) Approved or accepted
regpirators shall be used when they
are avallable The respirator
furnished shall provide adequate
respiratory protection against the
particular hazard for which it is
designed in accordance with standards



established by competent authorities
The T § Department of Interior,
Bureau of Mines, and the U S
Department of Agriculture are
recognized as such awthoricies
Although respirators liscted by the
U S Department of Agrieulture
continue to be acceptable for
protection against specified
pesticides, the U 8 Department of
the Interior, Bureau of Mines, is the
agency now responsible for testing
and approving pesticide respiraters

© Selection of resplrators Proper
selection of respiratars shall be
made according to the guidance of
American National Standard Practices
for Respiratery Pretection
Z83 2-1969

(d} Alr guality {1} Compressed
air, compressed oxygen, ligquid air,
and liquid oxygen used for
respiration shall be of high purity
Oxygen shall meet the requirements of
the United States Pharmacopoela for
medical or breathing oxygen
Breathing air shall meet at least the
requirements of the specification for
Grade D breathing air as described in
Compressed Gas Association Commodity
Specificacion G-7 1-1966 Compressed
oxygen shall not be used in
supplied-air resplrators or in open
circuit self-contained brearhing
apparatus that have previcusly used
compressed air Oxygen must never be
used with air line respirators

1910 134{dX(2)

{2) Breathing air may be supplied
to respirators from cylinders or air
¢OompTE&sSaTrs

{I} Cylinders shall be tested and
maintained as prescribed in the
Shipping Contalner Specification
Regulations of the Department of
Transportation (49 CFR Part 178)

{1i) The compressor for supplying
air shall be equipped with necessary
safety and gstandby devices A
breathing afr-type compressor shall
be used Compresscrs shall be
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constructed and situated so as to
avoid entry of contaminated air imto
the system and suitable Iin-line air
purifying sorbent beds and filters
installed to further assure breathing
ailr quality A receiver of
sufficient capacity to enable the
respirator wearer to escape from a
contaminated atmosphere in event of
compressor fallure, and alarms to
indicate compressor failure and
overheating shal) be installed in the
system ILf an oil-lubricated
compregsor 1g used, 1t shall have a
high-temperature or carbon monoxide
alarm, or both If only a
high-temperature alarm Is used, the
air from the compressor shall be
frequently tested for carbon monoxide
to insure that it meets the
specifications in paragraph (d)(1) of
this section

{3) Air 1ine couwplings shall be
incompatible with outlets for other
gas systems to prevent Inadvertent
servicing of air line resplrators
with nonrespirable pases or oxygen

1910 134(d)(4)

{4) Breathing gas containers shall
be marked in accordance with American
Hational Standard Methad of Marking
Portable Comwpressed Gas Containers to
Identify the Material Contained,

248 1-1954, Federal Specification
BB-A-1034a, June 21, 1968, Air,
Compressed for Breathing Purposes, or
Interim Federal Specification
GG-B-00675b, April 27, 1965,
Breathing Appsratusg, Self-Contalned

{(e) Use of respirators
(1) Standard procedures shall be
developed for respirator use  These
ghould include all information and
guidance necessary for their proper
selection, use, and care Possible
emergency and Toutine usas of
respiratore should be anticipated and
planned for

(2) The correct resplrater shall be
apecified for each job  The
respirator type ie usually specified



in the work procedures by a qualified
individual supervising the
respiratory protective program
individual issuing them shall be
adequately Instructed to insure that
the correct respirator is issued

(3) Writcren procedures shall be
prepared covering safe use of
respiratore in dangerous atmospheres
that might be encountered in normal
cperations or in emergencies
Personnel shall be familiar with
these procedures and the available
respirators

The

1910 134(e)(3) (L)

(I) In areas where the wearer, with
failure of the respirator, could be
overcome by a toxic or oxygen-
deficient atmosphere, at least one
additional man shall be present
Communications (visual, volce, or
signal line) shall be maintained
between both or all individuails
present Planning shall be such that
one individual will be unaffected by
any likely incident and have the
propaer rescue equipment to be able to
assist the other({(s) in case of
emergency

(i1} When self-contained breathing
apparatus or hose masks with blowers
are used in atmospheres ilmmediately
dangerous to life or health, standby
men must be present with suitable
Tescue equipment

{1ii) Persons using ailr line
respiraters in atmospheres
immediately hazardous to life or
health shall be equipped with safety
harnesses and safety lines for
lifting or removing persons from
hazardous atmospheres or other and
gquivalent provisions for the rescue
of persons from hazardeus atmogpheres
shall be used A standby man or men
with suitable self-contained
breathing apparatus shall be at the
nearest fresh air base for emergency
rescug

{4) Resplratory protection is no
better than the respirator in use,
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even though it is worn
cons¢cientiongly  Fregquent random
inspections shall be conducted by a
qualified individual to agsure that
respirators are properly selected,
used, cleaned, and maintained

1910 134(e)(5}

{5) For safe use of any respirator,
it is essential that the user be
properly instructed in its selection,
use, and maintenance Both
supervisors and workars shall be so
instructed by competent persons
Training shall provide the men an
opportunity to handle the respirator,
have it fitted properly, test its
faceplece-to-face seal, wear it in
normal ailr for a long familiaritcy
period, and, finally, to wear it in a
test atmosphere

{I} Bvery respirator wearer shall
recelve fivting instructions
ineluding demonstrations and practice
in how the respirator ahould be worn,
how te adjust it, and how to
determine if it fics properly
Regspirators shall not be wern when
conditions prevent a good face seal
Such conditions may be a growth of
beard, sideburns, a skull cap that
projects under the faceplece, or
temple pieces on glasses  Also, the
absence of one or both dentures can
seriously affect the fit of a
facepiece The worker's diligence in
vbserving these factors shall be
evaluated by perledic check To
asgure proper protection, the
facepiece fit shall be checked by the
wearer each time he puts on the
regplrator This may be done by
following the wmanufacturer’s
facepiece fitting instructions

{11) Providing resplratory
protection for individuals wearing
corrective glasses 1s a serious
preblem A proper seal cannot be
established if the temple bars of eye
glasses extend through the sealing
edge of the full facepiece As a
temporary measure, glasses with short



temple bers or without temple bars
may be taped to the wearer's head
Wearing of contact lenseg in
contaminated atmospheres with a
respirator shall not be allowed
Systems have been developed for
mounting corrective lenses inside
full farepieces When a workman must
wear corrective lenses as part of the
facepiece, the facepiece and lenses
shall be fitted by qualified
individuals to provide good vision,
comfort, and a gas-tight seal

1910 134{e)(5)(iil)

{i11) If corrective spectacles
gogeles are required, they shall
worn s¢ as not te affect the fit
the facepiece Proper selection
equipment will minimize or avoid
problem

{f] Maintenance and care of
respirators (1} A program for
maintenance and care of respirators
shall be adjusted tao the type of
plant, working conditions, and
hazards invelved, and shall include
the fpljlowing baslc services

(1) Inspection for defects
{including a leak check),

{41) Cleaning and disinfecting,

{iii) Repair,

{iv) Storage
Equipment shall be properly
maintained to retain its original
effectiveness

{Z) (I) All resplrators shall be
ingpected routinely before and after
each use A respirator that is not
routinely used but is kept ready for
eaergency use shall be inspected
after sach use and at least monthly
ta assure that it is in satisfactory
working condition

{11) Self-contained breathing
apparatus shall be inspected monthly
Ajr and oxygen cylinders shall be
fully charged according to the
manufacturer’s Instructions
shall be determined that the
regularer and warning devices
function properly

or
be
of
of
this

It
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1910 134(E) (2} {414)

(1ii} Eespirator inspection shall
include a check of the tightness of
connectiens and the condition of the
facepiece, headbands, valves,
connecting tube, and canisters
Rubber or elastemer parts shall be
inspected for pliasblliity and signs of
deterloration  Stretching and
manipulating rubber eor elastomer
parts with a massaging action will
keep them pliable and flexible and
prevent them frem taking a set during
srorage

{iv) A record shall be kept of
ingpection dates and findinge for
respirators maintained for emergency
use

{3} Routinely used respirators
shall be collected, cleaned, and
disinfected as fregquently as
necessary to insure that proper
protection is provided for the
wearer Respirators maintained for
emergency use shall be cleaned and
disinfected after each use

{4) Replacement or repalrs shall be
done only by experienced persons with
parts designed for the respirator
No attempt shall be made to Teplace
cottponents of to make adjustment or
repalrs beyond the manufacturer's
recommendations  Reducing or
admission valves or regulavors shall
be returned to the manufacturer or to
a trained techniclan for adjustment
OT repair

1910 134(f)(5)

(5} (L) After inspection, cleaning,
and necessary repalr, respirators
ghall be stered to protect against
dust, sunlight, heat, extreme cold,
excessive moisture, or damaging
chemicals  Bespirators placed at
stations snd work arear for emergency
use should be guickly accessible at
all times and should be stored in
compertments built for the purpose
The compartments should be clearly
marked Routinely used respirators,
such as dust resplrators, may be



placed in plastic bags  Resplrators
should not be stored in such places
as lockers or tool beoxes unless they
are 1o carrying cases or cartons

(1i) Respirators should be packed
or storaed so that the facepiece and
exhalation valve will rest in a
normal position and function will not
be impaired by the elastomer setting
in an abnormal positicen

(1ii) Imstructions for properx
storage of emergency respirators,
such as gas masks and self-contained
breathing apparatus, are found in
"use and care™ instructions usually
mounted inside the ¢arrying case lid

{g) ldentification of gas mask
canisters {1} The primary means of
identifying a4 gas mask canister shall
be by means of properly worded
labels The secondary msans of
identifying a gas mask canister shall
be by a color code

1910 134(g)(2)

(2} All who issue or use pas masks
falling wichin the scope of this
section shall see that all gas mask
canisters purchased or used by them
are properly labeled and celored in
accordance with these reguirements
before they are placed 1In service and
that the labels and colors are
properly maintained at all times
thereafter until the canisters have
completely served thelr purpose

{3) On each canister shall appear
in bold letters the following

{1) - Canister
for

{Name for atmospheric contaminant)
or
Type R Gas Mask Canister

{i1) In addition, essentially the
following wording shall appear
beneath the appropriate phrase on the
canister label  "For respiratory
protectien in atmospheres centaining
not more than percent by

volume of n

Yame of atmospheric contaminant)

1910 134(g)(4)

(4} Canisters having a apecial
high-efficiency filter for procection
agalnst radionuclides and other
highly texic particulates shall be
labeled with a statement of the type
and depree of protection afforded by
the filter The label shall be
affixed to the neck end of, or to the
gray stripe which 1is around and near
the top of, the canister The degree
of protection shall be marked as the
percent of penetration of the
canister by a 0 3-micron-diameter
dioctyl phthalate (DOP) smoke at a
flow rate of B5 liters per minute

{5) Each canister shall have a
label warning that gas masks should
be used only in atmospheres
contalning sufficlent oxygen to
support life (at least L& percent by
volume), since gas mask canisters are
only deeigned to neutralize gr remove
contaminants from the air

{6) Each gas mask canister shall be
painted a distinctive color or
combination of colors indicated in
Table I-1 All ¢elors wsed shall be
such that they are clearly
identifiable by the user and clearly
distinguighable from cne another
The color coating used shall offer a
high degree of resistance to
chipping, scaling, peeling,
blistering, fading, and the effects
of the ordinary atmospheres to which
they may be exposed under normal
conditions of storage and use
Appropriately colored pressure
sensitive tape may be used for the
stripes



TAELE I-1

Atmeospheric contaminants
to be protected against

Colors assignedil)

Acid gases
Bydrocyanic acld gas

Chlorine gas

Organic vapors
Ammonia gas
Acid gases and smmonia gases

Carbon Monozide
Acid gases and organic vapors

Hydrocyanic acid gas and chloropicrin

vapar

Acid gases, crganic vapors, and ammonia

gases

Radioactive materials, excepting
tritium and noble gases

Particulates {dusts, fumes, miets,
fogs, or smokes) in combination with
any of the above gases or vapors

411 of the above atmospheric
contaminants

|
I
|
I
I
|
|
|
I
I
!
]
I
I
|
|
|
|
I
I
|
|
I
I
|
|
|
|
|
|
|
|
|

White

White with X%~inch green stripe
completely around the canister
near the bottom

White with k-inch yellow stripe
completely around the canister
near the botton

Black

Green

Green with %-inch white stripe
completely around the canister
near the bottom

Blue

Yellow

Yellow with k-inch blue stripe
completely arcund the canister
near the botrtom

Brown

Purple (Magenta}

Canister <¢olor for contaminant, as
designated above, with %-inch

gray stripe completely around the
canister near the top

Red with %-inch gray stripe
completely around the canister near
the top

Footnote(l) Gray shall not be assigned as a main color feor a canister

designed to remove acidzs or vapors

NOTE Orange shall be used as a complete body, or stripe color to

represent gases not included in this table

The user will need to refer to

the canister label to determine the degree of protection the canister will

afford

{Approved by the Office of Management and Budget under control number
1215-0099) {39 FR 23502, June 27, 1974, as amended ar 43 FR 49748, Det 24,

5322, Feb

10, 1984, 49 FR 18295, Apr

30,

19841

39

1978, 4% FR



APPENDIX E  RAW ATR SAMPLIRG AND REAL-TIHE DATA
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05/26/95 09 46 56 AM

Multiple range analysais for CARSTAT ppm by CARSTAT sample

R o R o e ek ke e M R M e e e e R e P T B e e W T M R mm e e e e e e e e R W OB M e e m

Method 3235 Percent LSD

Level Count Average Homogeneous Groups

knocwnblk E] ¢ Q6144 X

unknoewnlk 2 ¢ 10843 X

unknownh 11 0 10843 XX

recephilo 13 2 D322z X

offgassa 3 2 62163 XAAR

leftshop 13 2 53141 XA

tagging 12 2 69928 XAXXX

pressing 13 2 76101 XXX

El1 3 3 26150 XXXXAX

Herman 11 3 46117 XY

spotting 13 4 98621 X XXX

ocutsidew i0 5 01710 X XXMEHX

dryright 13 7 BG&H7 X X xx

apovewas 13 2 46692 X

insideon 10 il 72407 XX

washbhin 13 11 75652 X

abovedry 13 15 87688 X

Pixie 13 15% 26032 X

Paxiel 2 <1 B742E X

Pixie? 2 87 512046 X

Jim 2 119 44813 X

contrast difference +/- limits
Dixaie - abovewash 9 79340 3 69435 *
PiXie - abovedry 32 38344 3 65455
Pixie - Herman 15 7591 3 B5925 «
Pixie - Spotting i4 2741 3 £9485 *
Pixie - dryraght 11 3935 3 £9455 *
Pixie - washbhind 7 50380 3 694595 +
Pixie - tagging 1e 5510 3 77115 *
Paxie - reception 17 2281 3 69495 *
Pixie - leftshap 16 €285 3 £9455 *
Pixie - pressing 18 49593 3} 65435 +
Pixie - unknownbhk 15 1519 7 15525 *
Pixie - insaidegutlet 7 53625 3 96240 +
Fixie - sutsidewash 14 2432 3 96240 *
Pixie - unknownblk 1% 1518 31 BSS25 +
Fixie - offgassing 1& £387 6 03383 +
Pixie - PixieZ2 -38 2817 T 15R25 *
FPixie - Paxie3 -2 613583 7 15525
Pixie - knownblk 19 1%ES & Q33183
Pixie - El1 ib 9986 6 03383
Pixie = Jim =100 1lg8 7 15525 *
abovewash - abovedry -6 40996 31 69485 *
abovewash = Herman 6 00575 3 @595 +
abovewash - BpoOLting 4 48071 3 65455 *
akovewash - dr}’r;ght 1l e0Q05 31 £3495
abovewash - washbhind -2 JBI9B0Q 31 69485
abovewash - tagging & 76764 3 77115 *
akovewash - reception T 43471 3 63495 *
abovewash - lefl:shop 6 831551 3 659495 *
abovewash - preassging & 705351 3 68455 =

+ denctes a statastically significant difference
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Multiple range analysis for CARETAT ppm by CARSTAT

B W e e e e R M mm L MR M M e e M oy e e M M wm M e e M e A — — — — R e

Method 95 Percent LSD

Level

Count

Average

Homogeneous Groups

Nt A s e R e B mk W e A MR RN M e P R MR R M R B ke e e R R M M M R g e R R R e e e e e e e o el W A SRR e SR e

abovewash
abovewash
abovewash
abovewash
abovewash
abovewash
abovewash
abovewash
abovewash
abowewash
abovedry
abovedry
abovedry
abovedry
ahovedry
abovedry
abovedry
abovedry
abovedry
abovedry
abovedry
abovedry
abovedry
abovedry
abovedry
abovedry
abovedry
abovedry
Herman
Harmall
Herman
Herman
Herman
Herman
Herman
Herman
Herman
Herman
Herman
Herman
Herman
Herman
Herman
Harman
Herman
spotting
spotting
spotting
spotting
Bpettang
spotting
Bpotting

unknownbkk
insideoutlet
outsidewash
unknownblk
offgassang
Pixle2
Pixie3
knownblk
Ela1

Jam

Herman
gpetiling
dryraght
washbhind
tagding
recepilion
leftshop
pressing
unknownhk
insidecutlet
cutsadawash
unknownblk
cffgassing
Fixiez2
Pixiel
knownbklk
El:x

Jim
spotting
dryraght
washbhind
taggling
reception
leftshop
pressing
unknowntk
insideocutlet
outsaidewash
unknownblk
offgassaing
Paxiez
Pixliel
knownblk
Ela

Jam
dryright
washbhind
tagging
reception
iefrshop
Dressing
unkpnownbk

* denctes a statistically significant dafference

6 84529
~48 0451
~12 40713

9 4054B

6 20542
-105 281

12 4157

10 83507

8 01001

4 12035

13.1776

13 B447

13 2455

13 1159

1S 7684

4 15281

10 B85398

15 75684

13 2542
-4l 5352
-5 93737

15 B154

12 5154
-103 571
-1 52504
-4 40570
-8 29535

¢ 76183

1 42886
82976
70016
35274
25250
55552

3 35274

0 B39%4
-54 050%
~18.4321

3 39973

0 15%&7
-115 ag7
-2 B80ED
-§ 77031

2 28693

2 35158%

2 2A54B0D

2 22520

4 ATTIR

-
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Multiple range analysis for CARSTAT ppm by CARSTAT sample
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Method 85 Percent LSD

Leval tount

Average

Ecmogeneous Groups

A A T T N g e o e B TR M M M e o W B o e e i M v e v R = = L A M Em M = = A v w — m E ma

spotting
Sspotting
spotting
spotting
spotiing
Bpotting
spottang
spotting
spotting
dryvraight
dryright
drvright
dryraght
dryright
dryright
gryright
dryright
dryraght
dryraght
dryraight
dryraight
dryraght
dryraght
dryraight
washbhind
washbhing
washbhind
washbhind
washbhind
washbhind
washbhind
washbhind
washbhind
washbhind
washbhind
washbhindg
washbhind
washbhind
tagging
tzgging
taggaing
tagging
tagging
tagging
tagging
taggaing
tagging
taggang
tagging
tagging
taggang
recepticn

insideputlet
sutsidewash
unknownklk
offgassing
Pixiel2
Pixie3
knownblk
Ela

Jim
washbhind
tagging
reception
leftshap
pressing
unknownbk
insideoutlet
cutasidewash
unknownblk
offgassing
Pixie2
Pixiel
knownblk
Ell

Jam

tagging
reception
lefrshop
pressing
unknownhlk
insxdeoutlet
outsidewash
unknownblk
offgassing
Pixiel
Fixiel
knownblx
Ela

Jim
reception
leftshop
pressing
unknownbk
insideoutlet
oubtsidewash
unknownhlk
effgassang
Pixiel2
Pixie3
knownblk
Elx

Jim
leftshop

* denotes a statistically sagnificant difference

-6 73786
=0 03089
4 87778
2 A64%Hd
-52 5259
-15 8880
4 92477
1 72471
~114 4&2
-3 BB9EE
5 16759
83465
2354¢€
10586
TE844
85720
234577
75844
5 24524
-49 €452
-14 (074
T 80542
4 50537
-111 581
9 05724
9 72431
9 12511
B 95551
11 6481
0 03248
£ 73543
11 &4E1
9 12489
-45 7555
-14 1177
11 6351
B 49502
=147 892
0 66706
o 06787
-0 06173
2 53085
-9 02479
-2 31782
2 580as
0 07765
-54 8128
-1% 1750
2 637B4
-0 58222
=116 743
-0 5%91%5

=1 bkt W - AN

49

3
3
3
)
7
7
&
&
7
3
3
3
3
3
7
3
3
3
&
7
7
B
&
7
3

3.

3
K|
7
3
2
3
&
7
7
&
L
7
3
3

3.

7
4
4
3
3
7
-
&
&
7
3

96240
96240
E5925
0azp3

15825
15525 »

03izel
¢3i3B3
15525
63495
F7115
65495
65495
65495
155825
98240Q
96240
BS925
03383

@ ¥ F » ¥ = B

158525 =*
i5k25 *
03383 *

033483
15525
77115
69495
694895
£549%
15525
96240
96240
B592%
3383
13525
15525
cizel
033823
15525
77115
77118
77115
15482
03354
03354
53226
OBO7S

L B I A

3ok oF k% o %

13485 =*
15489 =

08079
QBO07Y
13489
653455
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0s/2e/95 09 46 56 AM
Multaiple range analysis for CARSTAT ppm by CARSTAT sample

Mgthod 95 Percent LSD

Level Count Avarage Homogeneous Groups

reception pressing -0 72879 3 694895
reception unknownbk 1 %2379 7 1552%
reception insidecutlet -3 _.69185 3 96240 *
reception gutsidewash -2 94488 3 96240
recepticn unknownblk 1 82379 3 85925
receptaion offgagsing -0 58941 6 03383
reception Pixiel -55 47588 T 15525
reception Pixied ~19 8420 7 15525
reception knownblk 1 97077 & 03383
receptien Eli -1 22929 6 03383
reception Jim =117 416 7 15525 =
leftshop Pressing -0 1289&0 3 69495
leftshop unknownbk 2 52288 7 15525
leftehop insidecutlet -9 05266 3 96240 *
leftshop outsadewash -2 38568 3 962490
leftshop unknownblk 2 E22¢8 3 BSBRIS
leftshep offgassing ¢ 00378 & 03332
laftshop Pixig2 -54 8807 7 18525 *
leftshop Pixied -18 24ZR 7 15525 *
leftshop knownblk 2 56957 6 03383
leftshop Elx -0 63009 6 033B3
leftshop Jim -1l 2i7 7 1552%5 &
Dressing unknownbk 2 65258 7 1R525
pressing insideoutlet -8 96206 3 98240 ¥
pressing outsidewash -2 256053 3 88240
pressing unknewnblk 2 £5258 3 B5B2ES
pressing wffgassing 0 13538 6 03383
pPTess1ing Paixial -54 7511 7 15525 «
pressing Pixie3 -19 1132 7 1552% =+
pressing knownblk 2 B3557 & 033B3
Pressinyg Elx -¢ 50045 €& 03ig2
Dressing Jim -11& 687 T 15525 &
unknownbk insidecutlet ~11 AlS6E 7 29595 *
unknownok cursigewash -4 90887 7 296595
unknownbk unknowrblk G Q0000 7 241406
unknownik ocffgassing -2 51320 8 59953
unknownbk Bixae? =57 403% 9 42032 +
unknownhk Pixie3 -21 1765E 9 42032 *
unknownbk knownbllk 0 0463% g4 55953
unknownkk Bl -3 15307 g 59553
unknownbk Jam -119 340 9 42032 +
insidecutliet cutsidewash 6 706397 4 2Z12ZB§ *
ansidecutlet unkngwnblk 11 61556 4 11603 +
insidegutlet vffgassing % 10244 6 20121 *
insideoutlet Pixilel -45 7880 7 29695 «
insidecutletr Pixiel -10 1502 7 29695 *
insidecutlet knownblk 1l as&28 6 20121 *
insadegutlet Elx 4 46257 & 20121 *
insideoutlet Jaim -1H7 724 7T 29695 *
sutsidewash unknownblk 4 50B&7 4 11603 =
outeidewash vifgassing 2 34546 & 20121
cutsidewash Pixiel -52 4850 7 296HE *

* denotes a statistically sigmificant difference

>0
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Multaple range analysis for CARSTAT ppm by CARSTAT

il I i R R T Rl I e L L T I I

Methed 86 Percent LSD

Leyvel Tount

Average

Eomogeneous Broups

e e e B T e W M MR M TR e sk M M T M o e wm W W o ST FE R B W B e B e T TS W e e ot W e T B M M e e e W B gm e e e

sutsidewash
outsidewash
sutsidewash
sutsidewash
unknownblk
unknownblk
anknownblk
uhknownblik
unknownblk
unknownblk
sffgassing
2ffgassing
sffgassing
sffgassing
offgassing
Pixigl
Pixiel
Pixiel
Paxnre2
Pixield
2ixael
Pixiel
rnownblk
Knownhlk
11

Paixiel
knownblk
Ela

Jim
offgassing
PixieZ2
Pixield
knownblk
Elz

Jim
Pixie2
Paxiel
knownblk
Ell

Jam
Pixies
knownbli
El1l

Jim
knownblk
Elx

Jim

Elx

Jim

Jam

-lg AS571
4 953565
1 75552

-114 431

-2 51329

-57 4036

=21 7658
0 046558

-1 1834Q7

-119 340

-54 8904

-19 2526
2 5601%

-0 82587

-1l 8286
35 £378
57 4506
54 2508

-61 8361
21 8128
18 8127

-97 57312

-3 20006

~119% 387

-11s 187

+ & 4 % % & * 3

o e o A e o MR MR AL o m M AL o e M MR R M M L L o e RN M MR M M R M R M e M R R M A M R M M M e o e e e e L 4 e R M e o e g e e

+ denctes a statistically signaficant difference
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T A L

32 4280
23 B520
278 318
17 1520
19 3660

Minimum

32 4280
23 8520
19 93660
5 49400
1l 60E0C

Intergquartile
rTange

&8 2060
£70 GDO
177 818
B 71000
3 88600

foefficient
of variation

99 9181
EE 4442
5& 3650
&0 3580

Page 1

Gaomeryic
mean

75 7485
353 083
230 338
18 71B3
28 3524

473 020
1360 37
665 062
lo2 778
608 2206

2232 28
13584 1
5450 72
4625 41

06,/08/95 10 25 94 aM

Sample Average Medlan
Level 21ze

unlcad 22 101 517 74 €380
transfer 23 550 &14 575 THE8
load 18 3p2 gle 278 318
hang 222 20 8352 17 1520
cther 29 B3 3434 15 2&60
Variance Standard Standard
Level deviation erronr
unload 10288 5 201 434 21 &25B
transfer 163411 404 241 B4 2901
load 27102 ¢ 164 &27 38 8028
hang 158 154 12 57549 0 84404
other 20153 E 141 564 26 3621
Range Lowar Upper
Level quarktile quaxtile
unlcad 440 592 44 3540 112 5&0
transfer 1336 52 253 662 2% 662
1pad E45S 0396 257 280 435 0SB
hang 997 28B40 13 8020 22 5120
other 606 &18 19 9650 23 B5z20Q
Standardized Kurtosais Standardized
Level skewness kurtosis
uniload 5 32209 B 70140 B 32088
transfer D 22154 -0 98710 -0 SEE32
locad D 32733 0 38325 D 33190
hang 21 6464 16 7305 S50 BB3S3
other 5 16103 5 75826 & 33752

- A -

—mna.

52

170 336

2416 96
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Tt Hrar 3

10 26.41 ARM

Sample
gi1ze

Page 1

Geometric
mean

B e e e e g m e e e e = e = e = = Tm = = = e e = TE W e e M e = = e = e = B

unnload
tranafer
1cad

hang
other

43 0087
525 1Bk
153 115
13 8E3z
1B4.1e7

22 177D
€94 357
T? 4520
14 7400
77.4520

17 1520
5397 a72
T7 4520
14 8740
587 372

23 8826
4153 049
102 p9B
11 1885
67 2753

e R e A B R B ke o e = T B Mmoo o o M e o e e W W M R i o e e o e e R R A e

Standard
deviation

Srandard
Berror

- e o e e e e e e e e e e e M M A B R e M Al M e e am e e e m M o We M R e e M e e e o W

unload
transfer
lpad
hang
octher

1477 Q6
536324 ¢
as5227 2
ES B736
19968 5

38 4325
231 5bno
187 B878
B 35840
223 S3s

10 2715
32 7&1@
45 5665
4 67582
40 1487

0 549555
36 3140
32 9640
¢ 57000
Q Lasss

114 972
1052 03
847 0Bz
57T 3520
597 272

R R e R A e R R R R A R e e e e e M M R R e A e e e e = R A R M e e e e e e e BB A e e e e e e e = = =

Lower
guartile

Upper
guartile

Interquartile

range

- A e o e M e o e e e e e M M e M e R R M M e e A e e e e o M RN R M M M g P MR M M R o m mR R M R o M R am o

unload
transfer
lcad
hang
other

114 376
1015 7z
774 118
56 £B20
53¢ 77¢€

12 060D
316 608
68 6080
5 11200
22 6460

76 2460
D0 0&2
156 244
17 5540
342 102

64 1BeD
263 444
BT &360
B 44200
313 456

= o e R ™ mm e W W mm e M e M M M R M M am A e mm M R T M M R T M e e M e e e e A e ke R A M e M R e o

uniload
transfer
load
hang
ather

Standardized
skewness

1 Q1250
-0 4476l
4 DOB2L
10 4B13
Z 57086

Standardazed
Xurtosais

-0 BEBEL
-0 39538
8 28300
22 B371
-0 SGE39

Coeffaiciant
of variation

B® 3599
44 03968
122 703
60 2125
121 378

O

602 122
262589 3
2602 55
2i24 12
57059 15

-m e e e o = e e = o e e e o = e = e bk = e = = = = = e e = = = = = = = = = = e T B e de o = = e o
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06/08/55 10
Variable

Sample size

Averaga

Median

Mode

Geometric mean
Variance

Standard deviation
Standard error
Minimum

Maximum

Range

Lower quartile

Upper quartile
Interguartile range
Skewness

Standardized skewness
Kurtosis

Standardized kurtosis
Coaff of variation
Sum

326
1g

135
133

463041
4166
873
471356
75038
D76238
076424
5832
474
4908
3514
6374
2B6
3843541
3475852
172211
126315
$900355
5776

54

Page 1
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——— o dh o B e M e e e e e R R e e M B = . M R e e e e M M m i e e i = = = = = =

14 1772
134 268
113 753
34 1030

Standard
error

5 51057
7 21688
4 15760
1 92411

Uppex
quartile

B v R M e e e R M M e e e M R M R M M A M e M M e M e e L e PR M e M e e e e e e

e W e e M M R B e e e e e o m = M o m o m o e ah o e o m o o o — e e i a . — — — m a— = = T e T o e ==

62 0956
134 G&sS
126 925
74 4&£38

Standardized

kurtosis

o e o e e e e e e o e MR M M e R MR A m o e T R M R M e e e M M M B o e e e e o o e = = = = =

04a/08/55 10 31 56 AM

Sample Average

Level 51ze
remove f£a11 47 J& 335b
PUt in ¢an 28 112 612
insert new 50 103 646
other 470 49 7732
Varlance Standard
Level deviation
remove fal 1427 43 37 7813
put in can 1458 233 a8 1BRSL
ansert new ¥53 T8 30 8Bis
other 1759 &5 42 0672
Range Lower
Level quartile
remove fi11 130 409 7 66480
put 1n can 121 444 ioz 222
insert new a5 §224 90 1552
other 134 268 15 €914
Standardized Furtosis

Level skevwness
remove f£i1l 3 56724 C 74072
Put 1n can -3 29634 0 87271
ANEert naw ~3 17952 -0 3Z89qQ
cther g8 321746 -0 49178

1 Q3657
0 94263
-0 47472
-2 18471

Page 1

Modse Gecmeiric

mean

7 66480 20 4344

134 965 101.295

113 753 97 4712

135 5e1 33 0BBZ2

Minimum Maximum

4 11380 134 523

i4 1638 11 £08

g 511& 134 134

1 31328 135 581

Interquartile Skewness
range

54 4308 1 27456

a2 7425 ~1 52591

3& TEGE -1 10142

58 7724 0 93188

Coefficient Sum
of variaticn

103 966 1707 98

33 9112 3153 14

29 7974 5182 8

B4 5179 23791 &

e e = MmO L L R L e e MM M Er e M M M M M i e e e e = e e = o = = = = =
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05/26/95 02 S8 26 PM Page 1

Variable OG1CARME ppm
Sample s1ze 545
Average 3 8gavog
Median 1 1722
Mode O GoR7H2
Geometric mean Q0 6325023
Variance ED 8911587
Standard deviation 7 135234
Standard error 0 317514
Mainimum O Q027952
Maximum 531 4526
Range 53 443808
Lower quartile 0 201
Upper quartile 4 7168
Interquartile range 4 5158
Skewness 3 335186
Standardized skewness 30 597794
Kurtosis 12 181097
Standardized kurtosis 55 784407
Coeff of variaticn 183 434531
Sum 1964 248454

A R e e R M e R Ak W R M L e M R M A o T M M e M e M R o M M M M M R E ok owm e
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Variable OG4CAR ppm
Sample size 2227
Average 4 7599392
Median 4 02
Mode 4 02
Gegometric mean 4 2847148
Variance B 476906
Standard deviaticn 2 811513
Standard error 0 0ElEsE
Minimum 2 &8
Maximum 1& 0B
Range 13 4
Lower guartile 3 35S
Upper cquartile 4 6%
Interguartile range 134
Skewness 2 56231
Standardized skewness 49 364667
Yurtosis 5 gpg51z2
Standardized kurtosis 58 723117
Coeff of wvariaticon E0 G5661%
Sum 1l0&BS 5BZ
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