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EXECUTIVE SUMMARY

4 study was conducted at the Tuchman Cleaners (Shop 27} located near
Indlanapolils, Indiana, to evaluate control of worker exposure to
perchlorcethylene (PERC} and provide recommendations to reduce exposure Dry
cleaning in this shop was done using an Omega® Model CES5S, 55-pound, dry-to-
dry machine which was about six years old This machine had a refrigerated
condenser as the primary vapor recovery device The secondary vapor recovery
device consisted of a small, centrifugal fan rated at 110 cfm that was ducted
to 4 carbon canister When the machine door was opened, a microswitch
energized the fan to dvaw PEBC laden air from the cylinder through the
activated carbon In lieu of solvent distillation, clay and carbon Kleen-
Eite? filters were used to remove both soluble and insaluble soils fram the
solvent In a normal day, approximately eight loads of clothing were
processed

There were six employees at this shop Three workers were sampled the
machine cperator and two pressers The machine operator was exposed to
between 13 and 19 ppm TWA perchiorcethylene  Two-thirds of this exposure
resulted from losding and unlecading the machine The two pressers, who did
not wotk in close proximity tec the machine, but did work closely with dry-
cleaned clothing, were exposed to between 1 and 7 ppm TWA  The highest area
concentrations measured, 9 end 12 ppm PERC, were from samples taken on the
right side of the dry-cleaning machine whete a vapor leak was detected The
next highest concentrations were above the machine door, probably a result of
loading and unloading the machine

Surprisingly, real-time monitoring showed thar average PERC exposure while
loading the machine with dirty clothing was much higher than unleading
garments that had been cleaned in PERC The average exposure during loading
was 846 ppm, average exposure during unloading was 271 ppm The total dose
{area under the curve) was also higher during loading the machine,
approximately 11,850 ppn*sec wversus 7,050 ppm*sec Real-time meagurements
taken near the carbon caniarer on the top of the machine showed that very high
concentrations of PERC (approximately 1,500 ppm) were being blown inte the
work environment each time the machine door was opened The carbon canister
was Ineffective at capturing PERC im the exhausted air

Real-time measurements were also taken for garment off-gassing, malntenance
ectivities, and waterproofing The garment off-gassing experiment showed that
the machine was relatively effective at recovering solvent from the garments
The total guantity of PERC off-gassed from the test swatch was 3,800 ppm¥sec
or 31 8 mg PERC/kg cloth The average PERC concentration was 6 ppm  The
average €Xposute to the operator during all of the maintenance activities was
approximately 22 ppm IWA  The haighest maintenance exposures accurred while
cleaning the lint trap and peaked over 200 ppm Another acurce of high
exposure was during waterproofing operatlons where the operator was working
over an c¢pen dip-tank of PERC with no exposure controls

Controls at Tuchman Cleaners Shop 27 wmeintalned exposures below 23 ppm, which
15 the exposure limit that 0SHA encocurages dry cleaners to follow  NIGSH

recommends controlling PERC to the lowest feasible concentration  There are
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several measures which could be taken te reduce exposures further, such as
modifications to the secondary vapor recovery device or local exhaust
vantilation Theoretically, operator exposure could be reduced by two-thirds
by eliminating exposure during loading and unloading Improvements to general
ventilation could also reduce exposures  Ventilation contrels should be used
during waterproofing operations, or waterproofing should be done completely in
the machine using an external tank  Personal protective equipment such as a
resplrator, chemical splash goggles, and proper gloves should be used during
waterproofing operations and machine maintenance  Chewmical splash goggles and
protective gloves should be used during spetting to reduce dermal exposure to
hazardous chemlcals A respiratory protection program should also be
established
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INTRODUCTION

The Engineerang Contrcl and Technolegy Branch (ECTB), Division of Physical
Sciences and Engineering (DPSE}, National Institute for Occupational Safety
and Health (NIQSE), has undertaken a study of the dry cleaning Industry to
update a 1980 NIOSH engineering conttol study of the industry' and provide

dry cleaners with reccmmendations for practical contrel measures based on
current technology (See Appendix A)  The focus of this study is teo evaluate
controls for exposure to perchleoroethylene (PERC), however, ecentrols for
ergonomic hazards and exposures to chemicals used in the spotting process will
be evaluated on a more limited basis

During the initial phase of the study, literature was reviewed to determine
arecas in need of Tesearch 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 18 collected Personal and area samples are obtained, and
real-time monitoring 1ls conducted Detalled reports are being wricten to
document all findings  These in-depth reports will bhe used to prepare
technical rveports and jourmal articles that summarize the findings concerning
effective controls for occupational health hazards in the dry cleaning
industry

This report describes an in-depth study conducted at Tuchman Cleaners Shop 27,
located near Indianapolis, Indiana  The primary purpose of this survey was to
evaluate control of worker exposure to PERC from a refrigerated, dry-to-dry
machine with a secondary contrel device consisting of local ventilation
through a small, activated carbon canlster, which 1s energized when the
machine door is opened Recommendations for reducing exposure to PERC are
provided

PLANT AND PRQCESS DESCRIPTION
PLANT DESCRIPTION

Tuchman Cleaners, a large commercial dry cleaner located in greater
Indianapolis, Indiana, has been in businezs sinece the 1940s In 1986 it was
purchased by Dry Clean U 8 A but was allowed to keep its name DOry Clean
TS A, one of the largest awners of dry cleaning shops in the United States,
has between 300 and 400 shops In 14 different states

There are approximately 31 Tuchman shops located throughout Indianapolis

Three of the shops are "dry stores" where no dry cleanlng occurs The three
dry stores receive soiled garments from the customers and transport the
garments to another store for cleaning The cleaned garments are delivered 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 equipment was installed in many of the dry stores
between 1982 and 1986 In some areas of Indianapolis, it 1s very important te
provide same day service te the customers in order to remain competitive  The
focus of this in-depth survey was Tuchman Cleaner’'s Shop 27 located in
Fishers, Indiana, a suburb ¢f Indianapolas
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Dty cleaning has been done at the Fishers shop since approximately 1388 The
shop was located in a single story strip mall between a bakery and a novelty
store The shop layout is showm In Figure L The front of the store faced
the road and had one door for customers  The customer counter was in che
front of the shop There was one door in the rear of the shop faor workers,
maintenance, and deliveries Thils shop did all of its own dry cleaning and
did not receive clething from any other stores There was one dry cleaning
nachine in thias shep, located near the front of the store near the side wall
When standing in front, facing the machine, an Adco® waterproofing drum was
located near the left rear corner of the machlne, and solvent filters were
located on the right side of the machine A Forenta® spotting beard was
located near the front corper of the machine Presaing was done along the
wall adjacent to the bakery  Three small electrle Lactner® boilers wers
located along the floor in the pressing area and provided heat to the presses
and dry cleaning machine  One large propeller fan, which provided gemeral
ventilation for cooling, was located in the wall above the back door of the
shop Pressed clothing was hung on a two=-tiered, meotorized clothing rack
behind the sewing area, along the wzll between the shop and the novelty store
Laundry was done behind and under the clothing racks A restroom was located
in the rear corner of the shop, and hazardous waste storage barrels were
located next to the restroom An eyswash statlon was lecated in the restroom
The shep cleaned between 1,100 and 1,500 pounds of cleothing per week On
Monday or Tuesday, the busiest days, nine er ten 45 pound loads of clothing
were cleaned Later in the week, there was generally less clothing to be
cleaned  Hourly workers at this shop belonged to the AFL-CIO Laundry and Dry
Cleaning International Union  There were six employees at this shop,
including the manager All employees were female  The shop was open for
business from 7 00 am o 7 00 p m , Menday through Friday and Saturday
800am tob 00 pm

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 lcaded intc the dry cleaning machine, garments
were inspected and sorted according teo weight, color, and finish

Garments with visible, locslized stains were treated at the spotting staticn
The store manager operated the machine and performed any spotting that was
necessary Various chemicals were used depending on the type of stain
Spetting may be done before or after the clothes are cleaned in the machine
Post-spotting 1s used more frequently today because 1t reduces the smount of
spotting required, which is very labor intensive

Stains rarely consist of one single substance  The three general categories
of stzins are water soluble, solvent soluble, and insgoluble Each type of
staln requires appropriate spottang agents  Some of the chemicals and
chemical families that are frequently uszed for stain removal, in addition to
PERC are the following  other chlorinated solvents, amyl acetate, petraleum
naphtha, oxalic acid, acetic acld, esters, ethers, ketomes, dilute
hydroflueric acid, hydrogen peroxide, and aqueous ammonia  Each of these
chemleals are used in swall quantities
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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 Some of the
products used most fregquently at this shop were POG®, VDS®, Praotein spotter®,
Wetspo®, Ban-Tan®, and PERC POG® is a mixture of diacetone aleohol,
petrchlorcethylene, aromatie 100, orthodichlerobenzene, and pale pil  VDS® is
primarily trichloroethylene  Frotein spotter® is a mixture of
ethylenediaminetetraacetic acxd {(EDTA) salts, nonlonle surfactants, and
wetting agents  Wetspo® is a mixture of butyl celloseolve, aromatic 100,
perchloroethylene, and potassium hydroxide  Ban-Tan® is a mixture of hexylene
glyeol and diacetone alcohol

Spotting chemicals and chemical mixtures are either solvent-based liquids cox
water-hased detergents  They were held in small plastic squeeze bottles and
applied to the stain when needed Spotting was performed on a spotting board
aquipped with pressurized air, steam, and water guns designed te flush the
chemicals and stain from the garment Alr, steam, a small brush, a spatula,
and fingers were all used to help break-up the stain and wash it away A
pedal actuated vacuum was used to capture the spotting chemlcals, and they
were held in a storage reservolr until being discarded

Dry cleaning in this shop was done using one Omega® Model CES5, 55-pound,
dry-to-dry machine which was about six years ¢ld This machine had a
refrigerated condenser as the primary vapor recovery device  The refrigerated
caondenser used R-22 refrigerant to condense PERC vapors during the dzy cycle
The secondary vapor recovery device consisted of a small, centrifugal fan,
rated at 110 cuble feet per minute (cfm) at atmospheric pressure, that was
ducted to an activated carbon canister  When the machine door was opened, a
microswitch energized the fan to draw PERC laden alr from the cylinder through
the activated carbon This was designed to recover residual PERC vapors in
the ¢ylinder during loading and unloading In lieu ¢f solvent distillation,
¢lay and carbon Kleen-Rite® filters were used to remove both soluble and
inacluble soills from the selvent In a normal day, approximately sight locads
of clothing were processed The machine had a cleaning cyele of between 35
and 40 minutes Technical specifications for this machine can be seen in
Table 1  The machine cost was approximately 535,000

The clothing was weighed in a basket, prier to leading into the machine The
maximum capacity for the machine was 53 pounds of clothing, however, acecording
te log sheets, the majority of loads placed into the machine were 45 pounds
and a few were less than 35 pounds The welght of every load was logged onto
a weekly record

Dty cleaning is a three-step process, iovolving the following  washing,
extracting, and drying A diagram of this process can be seen in Figure 2
(See Appendix B for dry cleaning technoloegy) To begin washing, elothes were
manyally loaded into the cylinder of the machine through the front door
After the door was closed, PERC was automatically pumped imte the cylinder
Water-hased detergent wasz autcmatically injected Inte each lead, hased on the
welight of the load



Table 1

Machine Technical Specifications

Omega® Model CE-55

Load Capacity

Cage Volume

Cleaning Speed
Extraction Speed

Tank Capacities

55 1bs

17 cuble feet
38 rpm

400 Tpm

Tank 1 85 Gallons
Tank 2 45 Gallons
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The contents of the machine ecylinder were then agitated which allowed the
solution to remove spils  Following this step, the clothes were spun at a
high speed to extract the solvent  When the solvent had been removed, the
fabric was tumbled dry

The drying process occurred in the same machine and consisted of two phases
heat recovery and cool-down  Durang heat recovery, warm alr was recirculated
ta vapaorize and recaver the residual solvent  Alr was passed through the
parments, a lint filter, rooling coils {(with R-22 refrigerant around 60 °F},
and finally through a heating coill (adjusted hetween 100-170 °F) and back to
the drum While passing through the cooling coil, PERC vapors condensed to
liquid form and were directed to the separator where the water was removed
Liguid PERC flowed back inte the tank while the water was piped to an external
container Unheated air was passed through the system during the coocl-down
cycle  During cool-down, the heating coil is by-passed and the temperature of
the cooling coil is reduced to less than 0 °F This step telaxes the fabrie
fibers, helps to reduce wrinkles, and removes additional PERC

Garments remeved from the machine were pressed to remove wrinkles and to
restare their original shape The garments were placed on specialized
pressing equipment, coming in a variety of shapes and sizes, and using steam
heated to temperatures arcund 300 *F These utility presses and shirt presses
were manufactured by Forenta® When the garments were properly situated, they
were pressed between two surfaces, at least eone of which was hot, to remove
the wrinkles Some of the equipment used included general utiliry presses,
puff i1rons, pants toppers, finishers, electric irons, bosom, body and yoke
presses, collar, cuff and yoke presses, and sleevers  Once the garments were
completely pressed, they were wrapped in plastic and stored on the pverhead
rack to await customer pick-up

PERC used in the wash cycle was cleaned centinuously by passing through a
Fleen-vite® filtratlon system  Kleen-rite® clay and carbon filters model
KR131 were used to remcve soluble and ingecluble solls  Normally, filtration
is used to remove most of the Insaluble solls, and distillation 15 used to
remove most of the saluble solls There were four filters in two separate
tubes Filters in each tube wWere changed after cleaning 8,000 pounds of
clothing Distillaticn was eliminated along with the need to clean the stall
or dispose of hazardous waste produced during distillation

A local contractor supplied and delivered PERC when needed  The =solvent was
delivered by a truck through the rear door of the bullding and pumped directly
into the wmachine’s holding tank which ellminated employee handllng General
dilution wventllation consisted of one large, propeller fan located in the wall
ghove the back door The air was exhausted outside of the building  Several
comfort fans were located throughout the pressing area to cilrculate air

HAZARDS AND EVALUATION CRITERIA
POTENTTIAL HAZARDS

Exposure to PERC is the primary health hazard for workers in dry c¢cleaning
facilities today Spotting involves the aelective application of a wide
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variety of chemicals and stesm to remove specific stains Individuals whe
perform the aspotting process could be exposed to toxilc chemicals through skin
or eye contact or Inhalation of wapors For a complete description of the
potential hazards, please refer to Appendix C

EVALUATION CRITERIA

The current Occupaticnal Safety and Health Admainistration {0OSHA) permissible
exposure limit (PEL) for PERC is 100 ppm, 8-hour time-weighted average (TWA)
The acceptable ceiling concentration 1s Z0J ppm, not to exceed a maximum peak
of 300 ppm for 5 winutes in any 3-hour pericd ? OSHA had lowered the PEL to
25 ppm 1n 1989 under the Air Contaminants Standard * In July 1992, the 1llth
Circuit Court of Appeals wacated this standard 0DSBA is currently enforcing
the 100 ppm standard, however, some states operating theilr own OSHA-approved
job safety and health programs will contimue to enfarce the lower limits of
25 ppm  OSHA continues to encourage employers to follow the 25 ppm limit ¢
NIOSH considers PERC to be a potentizl cccupational carcinogen and recommends
that exposure be reduced to the lowest feasible concentration *

METHODOLOGY
INDUSTRIAL HYGIENE SAMPLING

The objective of thils site visit was to evaluate the effectivensss of the dry
cleaning machine for controlling worker exposure to PERC  Personal, area, and
background alr sampling was conducted using NIOSH Method 1003 for halogenated
hydrocarbons  This methoad calls for the use of 100 mg/50 mg coconut shell
charcoal tubes and carbon diswlfide desorption Analysis was done using a gas
chromatograph with flame ionizaticn detecter  Samples were collected over a
120 minute time period with a flow rate aof 0 1 liters/minute and a volume of
12 liters The limit of detection for this process was 0 01 mgfsample ©

Area samples were taken at varlous loeations throughout the shap  Alr samples
were callected in front of and behind the dry eleaning machine, in the
pressing area, near the customer coumter, and outside the building (Figure 1)
Full-shift TWA personal sampling was gathered for the machine operator, as
well as, both pressers  TWA perscnal sampling results were compared to

25 ppm  No air sampling was done for the spotting chemicals

VIDEQ EXPOSURE MONITORING

Real-time monitering was used to study in greater detall how specific manual
tasks and maintenance operations affect worker exposure te PERC  Some of
these procedures cccurred frequently throughout the day, such as
leading/unloading the machine while others were leas often, such ag machine
maintenance and waterproofing Most of these tasks took between 5 and

30 minutes  Real-time monitoring of PERC exposures were performed using a
MicroTIP® IS3000% (PHOTOYVAC Inc, Thornhill, Ontaric) with a 10 6 EY
ultraviolet lamp This instrument uses a photeoienization detector to provide
an analog output Tesponse proportiomal to the concentration of ionizable
pollutants present in the air  The MieroTIP?® was spanned using 100 ppm
isobutylene span gas and calibrated using five standard concentratiens of PERC
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gas Instrument readings and actual PERC concentrations were used to
construct a ¢alibration curve and find a predictive equation  The following
formula was used to convert the output of the PID (yolts} to concentration of
contaminant (ppm) C(t) = IR(r) * CF* MR

where

C{t) = concentration of vapor at time t (ppm)
I&(t) = ipstrument response at time t {volts)

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

Information gathered using the MicroTIP® was electronically recorded on a
Rustrak® datalogper (Rustrak® Ranger, Gulton, Inc , East Greenwich, RI} and
downloaded to a portable computer using Pronto® software  During the
gathering of real-time data, a videocamera was used to record worker
activities  This videotape was later used to analyze tmsks, code data, and
determine which work activities and movements resulted in the highest
eXposures

Real-time monitoring was alsec used to study off-gassing of garments and
compare vapor recovery effilciency between machines  This was accomplished
using a standard test swatch approximately 5 inches by & inches made of

51 percent rayon and 49 percent polyester When the dry cycle had ended the
test swatch was placed in a small glass test chamber As the PERC residuals
vaporized, the concentrations of emitted PERC were monitored and recorded
using the MicreTIP® and Rustrak® datalegger The apparatus for measuring
off-gassing can be seen in Figure 3

VENTILATTON

General ventilation measurements were taken with a Kurz® model 1440 velometer
with a measuring range from § te 6.000 feet per minute  Turbulent airflow
near the dry cleaning machine was qualitatively evaluated using smoke tubes
The capacity and dimensicns of genmeral dilution ventilation systems were also
recorded

RESULTS AND DIZCUSSION
INDUSTRIAL HYGIENE SAMPLING

Results of the individual sir samples can be seen in Appendix E A summary of
personal alr samples for each day can be seen in Table 2 All of the personal
gamples taken at this shop were below 25 ppm The time-welighred average
exposures would have been even lower if sampling had occurred for a full
8-hour shift, however, the dry c¢leaning machines were not operated for a
complete elght hours during this survey They typically operated between four
and six heurs

As expected, the operator of the machine had the highest exposure to FERC
which ranged from 18 64 teo 13 15 ppm TWA on various days  The bulk of this
exposure resulted from loading and unloading the machine and performing
malntenance The highest average exXposure during a two hour sampling oecurred
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Table 2
Time-Weiphted Average (TWA) PERC Exposures Over the Sampling Period

Worker Date Sampling TWA
Periced Concentration
(min) (ppm)
Operator 5/10{94 364 18 64
Presser 2 5110194 328 6 48
Presser 3 5/10f94 319 2 77
Operator 5711794 248 14 27
Presser 2 5111794 171 2 16
Presser 3 5/11/94 123 1 38
Operator 5112194 240 13 15
Presser 2 5012194 151 4 76
Presser 3 Si12194 245 2 95

to the operator on the afternoon of May 10 The operator was doing dip-tank
waterproofing operations during this peried  Although no 5-minmte peak pr
15-minute short-term exposures were measured, 1t is highly likely that both
peak and short-term limits of 300 ppm and 200 ppm respectively, were exceeded
during this operatigon The two pressers, who did not work in as close
proximity to the machine as the operator (see Figure 1), but did work closely
with dry cleaned clothing were exposed to between 6 48 and 1 38 ppm TWA on
various days  The presser whose workstation was closer to the machine was
consistently exposed to a higher concentration than the other presser

Results of area sir sampling can be seen in Teble 3  The highest area
concentrations were detected on samples located behind the raght side of the
machine The next highest concentrations were above the machine door A
slgnificant vapor leak from a poorly sealed panel on the vapar recovery
housing of the machine was detected with the MicroTIP® This was probably the
cause of the high concentrarions found behind the right side of the machine
Another source of exposure cccurred when the residual gases in the cylinder
were vented through the carbon canister when the machine door was opened and
closed This canister did not appear to be funetiening properly The
concentrations above the machine probably came from the machine when the door
was opened and closed The lowest concentrations measured were found in the
receprlon area

In general, exposures appeared to he higher in the merning than in the

afterncon, with the exception of the afternoon of May 10 when waterprocofing
occurred This may be due to performing machine maintenance in the morning,
as well as, cleaning more clothing with slightly larger leads  Bulk samples



Table 3
Area Sample Ceoncentrations of Perchlorcethylene

Location Day Average Geometic Geometric Range

Sample Mean Standard

Tine Deviation

{min) (ppm) {ppm) (ppm}
Behind Left 5110794 123 Q0 58 14 4 2-38 8
Behind Right 5110/94 122 67 11 5 15 7 6-20 7
Above Machine 5110194 122 33 &3 12 6 5-9 4
Reception 5710794 121 67 23 13 1l 6-3 4
Behind Left 511194 123 5 43 21 21-90
Behind Right 5/11194 124 0O 8 7 26 3 3-23 0
Above Machine 5/11])94 123 00 56 17 3395
Reception 5/11794 122 50 20 20 1 0-44Q
Behind Left 5712194 121 00 18 19 16-73
Behind Right 5/12}94 121 00 85 19 4 5-15 7
Above Machine 5112194 119 oo 60 17 3 6-10 1
Receptien 5/12/94 119 00 23 19 1 2-45

were taken of the water separator run-off to see 1f any PERC exposure could be
originating ftrom this source Laboratory analysis found no PERC detected with
a limit of detection of 001 percent {(wiw)

REAL-TIME MOKITORING

Video recording and real-time monitoring was performed during loading and
unloading the machine, waterproofing coperations, and performing maintenance on
the machines such as c¢leaning the butten traps and lint filter Real-tims
monitoring was also used to evaluate the effectiveness of the carbon canister
(secondary control) and garment residual off-gassing The MicroTIP® was set
for a measuring range between 0 to 200 ppm and 0 to 2,000 ppm depending on the
operation being monitored

Clearly, the most significant source of exposure to the operator occcurred
during loazding and unlpading the machines  Exposures during this procedure
peaked at over 1,500 ppm More importantly, loading and unleoading occurred
frequently throughout the day, approximately six to temn times a day depending
on business Machine maintenance normally cccurred only once a day and scme
tasks such as waterproofing occurred even lesgs frequently

10



Figures 3 and 4 show real-time data during unleading and loading the machine
Figure 3 shows aperator exposure, and Figure 4 shows emissions from the carben
canister on the top of the machine The process of unloading and loading the
machine took 55 seconds Unleoading tock 26 seconds and lcading took 14
seconds

Surprisingly, average PERC exposure while leoading the machine with dirty
clothing was much higher than unloading garments that had been c¢leaned in
PERC Average exposute during loading was B4b ppm, average exposure during
unleoading was 271 ppm The total deose (area under the curve) was alsoc higher
during lecading the machine, approximately 11,850 ppm*sec wversus 7,050
ppm*asec  This may be due to residuals being forced from the cylinder when a
large quantity of uncleaned clothing 15 added to en empty cylinder  This
result alone is an indicater that the secendary conttrel on this machine was
not functioning properly

Figure 4 shows real-time messurements taken near the carbon canister on the
top of the machine Each time the machine door was aopened, high
concentrations of PERC were being blown into the work environment Thiz was
because the carbon in the canister was nmot capturing the PERC in the exhausted
air The carbon canister wasz ineffective, probably due to a variety of
factors These factors could include the flow rate of the air stream,
concentration of PERC in the alr stream, adscrption time, capacity of the
catbon bed, humidity, temperature ¢f the ailr stream, and age of the carbon
Generally, the flow rate and capacity of the carbon bed are the most important
factors '’

Theoretical caleulavicons indicated that approximately one-tenth of a pound of
carbon was needed per load, if the concentration in the eylinder was 2,000 ppm
when the fan activated This is based upon the fact that 2,000 ppm PERC
vapors evenly distributed 1n a 17 cubic foot cage 1s equivalent to 96 liters
of PERC (gas phase) or 6 47 gprams of PERC, or Q00106 gallons of PERC Based
upon an average of eight lvads per day, the quantity of activated carbon
currently usad would need to be changed on nearly a dally hasis

Addirionally, because the canister was positioned horizontally rather than
vertieally, (and air flowed from one side to the other rather than from bottem
to top) the PERC laden air was able to by-pass the cetbon  This proeblem could
be resclved by adding an elbow that would hold the canlster in a vertical
position

Even i1f there was sufficient carbon in the canister and the machine operated
at cptimal efficiency, the PERC effluent would tend to remain in the 50-150
ppm range This concentratlon translates to approximately 95 to 99 percent
efficiency When the working capacity of the carbon is approached, the
concentration of PERC in the effluent stream increases dramatically This 1is
called breakthrough

A general rule-of-thumb 4in dry cleaning 1s that one-half pound of carbon is
needed to captere the PEEC residuals from one lead of clothing with no other
recovery device ! Carbon will absorb approximately 40 percent of its weight,
and one gallon of PERC weighs approximately 13 5 pounds Additionally, the
110 ¢fm, centrifugal fan was probably undersized for the intended purposze
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because 1t was unable to provide sufficient airflow at the machine door to
prevent escape of PERC vapors

Operator exposure could be reduced by two-thirds by ellminating exposure
during loading and unloading This can be gseen by determining the operator
TWA total dose in ppw¥seconds during the work day from alr sampling (17,040
seconds * 15 82 ppm = 270,000 ppm*sec) and comparing this to the operator
total exposure during loadingfunloading from real-time measurements

(23,010 ppm*sec * B times/day = 184,100 ppo*sec/day) If exposure during
loading/unloading were reduced to near 0, then the cperator’'s total TWA
exposure for the day would be reduced from approximately 15 8 ppm TWA to
approximately 5 ppm TWA

Figures 5 and 6 show operator exposure during waterpraofing dip-tank
operations Bxposures during this procedure were extremely high becausge the
operator was working over an open tank of PERC and other chemicals to
waterproof clothing The clothing was dipped in the PERC and then raised and
allowed te drain It was then hand carried ta the dry cleaning machine

There was ne ventilation during this procedure Figure & shows that the
highest average exposures (approximately 150 ppm) occurred when the clothing
was placed into the dry cleaning machine  The real-time values were
significantly lower than actual because the MicroTIP® was set on the 0 to

200 ppm scale The largest dose of PERC cccurred when scrubbing the clothing
at the barrel This was because 1t tock longer than any other single task
(approximately 140 seconds), and the average exposure was relatlwvely high
(approximately 100 ppm) It 1s highly likely that both 5 minute peak and

15 minute short-term exposures were exceeded during waterproofing

Figure 7 shows exposure during machine maintenance Machine maintenance was
done on a daily basls and involved <¢leaning the lint and button traps and
disposing of the hazardous waste Normally, maintenance is performed on the
machine before the boilers are allowed to heat udp 1n the morning  There was
no still to be cleaned on this machine The highest exposure occurred while
cleaning the lint trap The average exposures during all of the maintenance
on this machine was approximately 22 ppm

Finally, the garment off-gassing experiment is shown in Figure 8 During an
average cycle, the machine was relatively effective at reecovering solvent from
the garments The total PERC off-gassing from the test swatch was 3,800
ppm*sec or 31 & mg PERCfkg cloth  The average PERC concentratien was & ppm

VENTILATTION MEASUREMENTS

Ventllation on the dry cleaning machine door at this sghop was negligible
Measurements taken with a Rurz® hot-wire velometer did not show an appreciable
difference between face velocity at the machine door and ambient air velocity
Smoke tubes indicated that there was only a very minor flow of air The
machine did have a small, centrifugal, 110 ¢fm, fan that drew air from the
cylinder when the door was opened The fan was activarted by a microswitch on
the dootr This airflow was exhausted through a small, activated, carbon
canister, outside of the machine, into the work environment
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One 44-inch diameter, propeller fan was located in the rear wall of the
bullding above the door te provide dilution ventilation  Twelve air veloeity
measurements$ were taken approximately 6 inches in front of the fan in the
wall The fan exhausted appreximately 6,500 cfm  Smoke tubes near the
propeller fan indicated that the fan was ineffective at exhausting
contaminated air originating from the machine Rather, any PERC that maght
originate from the machine was able to dlffuse throughout the building This
fan was ahle to capture air approximately 8 feet in fromt of it and would
probably remove any emissions from the hazardous waste centainars General
ventilation prineiples require that fans should be arranged to move
contaminated vapors away from the employees

OBSERVATLONS

There were approximately five maintenance personnel responsible for
maintaining rhe 31 Tuchman shops in the Indianapolis area  No liguid solvent
leaks were detected in this shop during the visit This can probably be
attributed to the fact that the equipment was relatively new A leak detectar
was not present at this shep, however, maintenance personnel 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  General
maintenance and housekeeping appeared to be a problem A large vapor leak was
detected on the vapor recovery housing panel that tesulted from

overtightening There were no open contaziners with zolvent or solvent
contaminated items cbserved  Blue hazardous waste barrels were lpcated 1ngide
the shop near the bathroom  Passive monitoring for PERC was conducted at this
shop on an annual basis

Based upon a formula provided by the Internatiomal Fabricare Institute, the
capacity rating for this machine was higher than recommended * IFI

determines load capacity by multiplying cage volume in cubic feet by a load
factor in pounds per cuble feet  The load factor {5 3 5 to 4 pounds per cubic
feet for transfer equipment and 2 5 to 3 pounds per cubic feet for dry-to-dry
equipment  Based on thils formula, the mechine should have a load capacity
between 42 5 and 51 pounds, instead of 35 pounds This could be a problem if
consistently lcaded to the full rated capacity  Fertunately, the machine
operator weighed and logged each of the loads of clothing Most of the loads
welghed 45 pounds or alightly less

PERSONAL. PROTECTIVE EQUIPMERT

Personal protective egquipment at this shop consisted of a respirater and
gloves  Personal protective equipment was stored in a first-ald shelf between
the tagging counter and dry cleaning machine The respirator was a North®,
half-face, respirator with organic vapor cartridges The gloves were rubber
surgical gloves  The respirator was only used by the coperator in case of a
PERGC sp1ll  Surgical gloves were sometimes used at the spotting statiom if a
garment was contaminated with hody fluids  Personal protective equipment was
not used by the operator when performing machine maintenance or during
waterproofing operations Maintenance personnel did wear a half-face
respirator with corganic vaporfacid pas cartridges when changing filters

There was no personal protective equipment training and no respirator fit
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testing Management required all new employees to sign a standard HAZCOM
form, which explains the hazards present, when they begin wotk

CONCLUSTONS AND RECOMMENDATIONS

Tuchman Cleaners Shop 27 appeared to have adequate controls that were able to
maintain exporures below 253 ppm, which 1s the exposure limit that 0SHA
encourages dry cleaners teo follow  NIOSH recommends controlling PERC to the
lowest feasible concentration  The highest TWA perscnal exposures were for
the dry cleaning machine operator/)spotter who was exposed to apptoximately

19 ppm TWA  The pressers who were sampled were exposed to between
approximately | and 7 ppm TWA

The primary soutce of sxpesure to the workers in this shop was the dry
cleaning machine Real-time evaluatlon showed that loading and unloading of
the machines had the greatest iImpact upon exposurea  Therefare, if management
or machine marmifacturers desired to reduce exposures even further, they should
first seek to reduce expeosures during loading and unlcading By examining the
total exposure during the day and total exposure due to loading and unloading,
1t appears that the operators exposure could be reduced nearly 66 percent by
control of loading and unloading

There are a number of different measures which could be taken to reduce
expogsures during loading and unloading  One approach is to improve wvapor
recovery from the refrigerated condenser  There are four primary factors
which effect vapor recovery at the condenser '° machine maintenance, cooling
coil efficiency, size of load, and length of dry cycle Vapor recovery from
the condenser did not appear to be a sipnificant problem at this shap

Local exhaust ventilation could also be used to significantly reduce exposures
during loading and unloading This could occur by modifying the current
system or by adding simple, inexpensive, external local exhanst ventilarion
consisting of an exhaust fan, ductwork, and hood The 110 cfm, centrifugal,
Bermar® fan and carbon canister were ineffective at controelling escape of
residual PERC in the cylinder after the dry cycle The fan provided
insufficient airflow, and the carbon canister did not have a large encugh
carbon bed to capture the PERC residuals A larger fan could be added to the
current eystem which would increase the airflow and reduce residuals escaping
from the eylinder and reaching the operator’s breathing zone during
loading/unloading  Additicnally, a larger carbon bed could be added to the
current system This would improve PERC capture efficiency by providing a
much larger surface area to which the PERC molecules could attach  Based upon
theoretiral calculations, the carbon canister would have to be changed almost
every day

Finelly, the exhaust of the current system could be ducted outside of the
shop This would reduce scme of the background concentrations of PERC in the
shop This should not c¢reate a problem with environmental regulators because
the PERC is already escaping into the shop environment  The question is
whether 1t is better to keep this inside the shop where the workers are
exposed or outside of the shop where it can dissipsate
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A simple, inexpensive, external local ventllation system with a separate
exhaust fan, ductwork, and hood is another option  The captured alr could
then be ducted outside the building or to a vapor reccvery unit  Exposures
during unloading have been shown to be reduced frem 1,000 ppm to 28 ppm using
a fan which operated at 990 cfm with a slotted hood design ™

Contrals should be implemented to reduce exposures during waterproofing
gperations This could occur in a number of different ways Waterproofing
dip-tank operations could continue as they are currently being done if lecal
exhaust ventilation were used along with proper respiratory protection and
gloves  Anather option would be to consider purchasing equipment such as a
dosing unit or separate tank so that waterproofing could be performed in the
machine itself  Although waterproofing is done on a low freguency, as needed
basis, it is a very significant source of exposure when it does occcur

Process isolation can be examined from two perspectives between shops and
within the shop 0Of all 31 Tuchman Cleaners in Indianapolls, only two were
"dry stores" where no dry cleaning occurred Workers at these two "dry
steres” were isolated from signifaicant exposures tp PERC By converting scme
of the stores which do dry cleaning on the ptemises to "dry stores," exposures
to some of the workers would be reduced

Process isolation was not used within this shep and would be difficult to do
becanse of limited floor space If solvent emissions became a significant
problem, process isolation could help to reduce the number of employees
exposaed Some facllities have used a wall or barrier within the shop to
separate the dry cleaning machine area from other areas of the shop The
Envirenmental Preotection Agency currently requirea dry cleaning facilities
with a transfer machine that purchases over 1,800 gallons of PERC per vear to
install a room encleosure and vent the enclosure to a carban absorber ' The
majority of PERC emlssions originate from the machine Isolating employees by
either time or space will reduce exposures to the employee

Because the machines were relatively new, there were no visible liguid leaks,
however, a significant vapor leak was found on the peorly sealed panel on the
vapor recovery heusing on the machine It appeared as if the nuts whaich hold
the patel to the housing had been overtightened and caused the panel and seal
to deform

As machines age, leaks wmay develop and should be repaired promptly  Proper
maintenance can be 1nstrumental In reducing lealkage Ligquid leaks are more
easlily seen 1f proper maintenance and housekeeping is performed Lint
build-up 18 a real problem in mest dry cleaning shopsz If lint is allowed to
accumulate on the floor and in and around egquipment, leaks are much harder to
locate  Gaskets prone to deterioration must be inspected and replaced on a
regular basis  Sclvent usage records can be a valuable indicator of solvent
leaks or machine malfuncrions  Several devices can aid in leak detection
These include the halide torches, photaicnization detectars, and packet
dosimeters  The passive exposure monitoring devices used annually In this
shop will neot aid in leak detection but will alert management when an exposure
preblem exaists
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Use of personal protective equipment {PPE) at this shop, like almost every
ather dry cleaning shop in thils study, was hot in accordance with Federal
Regulation 29 CFR 1910 134 because there was no established program 1Im
addition te the measures mentioned earlier, occupational exposure ¢ould he
further reduced through the proper use of PPE FPE does nothing to reduce or
eliminacte the source of the hazard and must be used properly to be effective

Theugh not recommended by NIOSH because PERC 1s a potential occupaticnal
carcinogen, the current respirators (half-mask faceplece with organic vapor
cartridges), used for shert-term exposures to low concentrations of PERC, must
have the cartridges changed prior to breakthrough {(approximately 130 minutes
based on room concentrations) !* BRegular cartridge changes are important
hecause the odor threshold of PERC is 27 ppm, and a worker may not smell PERC
mntil significant breakthrough and exposure has cceurred !?

Where emplovees must wear respirators, an appropriate respiratory protection
program in accordance with 29 CFR 1910 134 must be instituted This
rezgulation, shown in Appendix F, c¢ontains provisions for

O a written standard operating procedure

o  respirator selection based upon hazards

O instruction and training of the user cconcerning the proper use and
limitations of respirators

o regular cleaning, disinfection, and proper storage

medical review of the health and condition of the resplrator uset

0 use of certified respirators which have been designed according to
standards established by competent authorities ™

=]

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

Gloves and geggles should be used to reduce expesure to hazardous chemicals
such as PERC Gloves provide limited dermal protection and should be made of
solvent reslstant materials, such as Vivon® fluoroelastomer, polyvinyl
alcohol, or unsupported nitrile When a specific glove is chosen, factors
such ss permeation, durability, dexterity, and cost should be censldered
Viton® and pelyvinyl alcohal have a PERC breakthrough time in excess of eight
hours Y A 1987 study showed that unsupported nitrile was impervious te PERC
after a two-hour challenge perled '* Some of the drawbacks associated with
these materlals are that Viton® is expensive, polyvinyl alcohol significantly
reduces dexterity, and unsupported nitrile has a high permeation rate

Whenever swelling cor softening of the gloves or seepage of PERC into the glove
15 pbserved, the gloves should be replaced Gloves should also be regularly
checked for perforations and cuts

Chemircal splash goggles should be worn to prevent eye injury when workers are
using hazardous chemicals  Accidental contaminatien of the eye ecould result
in minor irritation or complete loss of vision Use of chemical sgplash
goggles 1s particularly {mportant during maintenance operations,
waterproofing, and spotting Additiomally, location of the eye wash station
in the restroom 1s unacceptable An uncohbstructed eye wash station should be
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installed in the vicinity of the dry cleaning wmachine and spotting station to
provide prompt eye irrigation in the event it 1is needed If chemical
contamination of the eye does occur, prompt irrigation for at least 15 minutes
can play a declding reole in limiting the extent of damage

Controls at this facility were capable of maintaining exposures below 25 ppm
TWA  Control metheds discussed previously could aid in reducing exposures

further
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APPENDIX A  BACKGROUND

The Naticnal Imstitute for Occupational Safety and Health (NIDSH), located in
the Centers for Disease Control and Prevention (CDC), under the Department of
Health and Human Services (DHBS) (fotmerly the Department of Health,
Education, and Welfare), was established by the Occupational Safety and Health
Aet of 1970 This legislation mandated NIOSH to conduct research and
education programs separate from the standard setting and enforcement
functions conducted by the Occupational Safety and Health Administration
{DSBA) in the Department of Labor  An important area of HIOSBH research deals
with methods for controlling occupational expesure to potential chemiczl and
physical hazards

The Engineering Contrel Technology Branch (ECTR) of the Division of Physical
Sciences and Engineering has heen given the lead within NIOSH to study and
develop englneering controls and aassess thelr impact on reduclng cccupational
illness Since 1976, ECTB has conducted a large number of studies to evaluate
engineering contrel technology based upon industry, process, or control
technique The abjective of each of these studies has been to document and
evaluate contrel technigues and to determine thelr effectiveness in reducing
potential health hazards in an industry or at specific processes

In the late 1970s and early 1980s, a NIOSH sponsored engilneering contral
technolegy study was conducted im the dry cleaning industry * Since that
study, significant changes Involving equipment, processes, and wark practilces
have oecurred within the industry  Many of these changes were initiated by
ney epldemiologic, toxicologie, and envirommental data for the primary
solvent, perchlorcethylene {(PERC) This industry currently has in excess of
30,000 commercial shops and approximately 244,000 ewmployees in the United
States

Some studies have shown that in addition to the aumerous adverse health
effects already known for PERC exposure, there 18 evidence of
carcinogenieity *' PERC is a known animal carcinogen®, but there is
inadequate evidence of human carcinegenicity ?* In December 1991, the
Environmental Protectlon Agency began regulating PERC as a hazardous air
pollutant under Section 112 of the Clean Air Aet  This repulation was based
on environmental research that PERC was a toxic alr pollutant *

The 1ndustry has responded with increased research Into alternative solvents
and cleaning methods, a shift from transfer machines to ¢losed loop, dry-to-
dry machines, and innovations in vapor recovery equipment and other devices to
reduce cccupational expeosures and envirommental emissions  Many of the
exposure problems identified during studies In the late 1970z and early 1980s
stil]l exist because trangfer equipment is still being used, many controls
developed by industry are cost prohibitive, and some work practices are
inadequate

Data from the OSHA Integrated Management Information System (IMIS), from 1984-

1288, indicates that approximately 20 percent of samples taken at dry cleaning
shops exceeded 100 ppm * More recent and comprehensive data gathered by the
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International Fabricare Institute’s {(IFL) vaper wmonlitoring service using
passive menitoring hadges is shown in Table 4

Table 4
IFL'S Passive Monitoring Resgults
Bafare 1/1/87 14/1{87 - 9/30/8% After 10{1/89
TRANSFER 35 % ppm 46 4 ppm 42 ppm
{AVG TWA PPM)
2x25 ppm 76 2X 59 a7 5o BX
A>100 ppr T % 5 6% 7 0%
BRT-TO-DRY® = 20 5 ppm 16 1 ppm 17 2 ppm
{AVG TWA PFM) 14 9 ppm*
16 7 ppmt¥
¥>25 ppm 24 3% 18 5% 13 Bi*
17 2%%*
*>100 ppm 1 0% 8z 1 A%#
grwx

* lenoces dry-to-dry relrigerated wilth small vent to purge cylinder at end oI dry cycle
#% Danotes dry-to-dry refrigerated with no vent whatsoever
*ak Denptes standard dry-to-dry with waeter-cooled condenser gnd vent at end of dry cyele

In 1988, the OSHA Director of Federal-State Operations conducted a nationwide
query of the 0QSHA State Consultation Programs asking for high risk gmall
businesses in need of occupational safety and health research  The dry
cleaning industry was the second most mentioned small business, falling behind
autobady rtepair shops ¥ Preliminary information gathered by the NIOSH,
Divigsien of Surveillance, Hazard Evaluations, and Field Studies has shown a
high incidence of back paln among laundry and dry cleaning workers * This
Information has not been gathered exclusively for dry cleaning, and,
additional research and analysis are needed
Based upon the preceding information, a preliminary hazard analysis {PHA) was
performed for the dry cleaning industry For this PHA, a hazard was defined
as an activity or condition that poses a threat of loss  During this
analysis, the hezards listed below were identifled

o  inhalation of PERC vapors

o ergonomic hazards

o exposure t0 hazardous chemicals used in the sporting process

o firefexplosion hazards

a direct (dermal) eéxposure ta PERC

o thermal burns

o heat srtress
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¢ mechanical hazards
o electrical hazards
o slips/trips/falls
These hazards are listed from top to bottom in decreasing order of risk  The
dagree of risk was based upon two factors
1} likelihood of occurrence

2) severity of conseguence

Each risk ranking 1s of a qualitative nature
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APPENDIX B DRY CLEANING TECHNOLOGY

Two types of machines are gemerally used in dry cleaning transfer and
dry-to-dry  Transfer machines are older, less expensive, and requlre mamual
transfer of solvent laden clothing between the washer and dryer This 1z the
point of highest worker exposure  Transfer machines process twice as much
clothing as comparably sized dry-to-dry machines because the process time 1is
half that of a dry-to-dry machine  Some owners of dey-to-dry machines reduce
the cycle time or exceed the load cepacity to increase productivity
Unfortunately, this practice Iincreases exposure due to residuals left in the
¢lothing *®

Because of the high exposures that occur during transfer, transfer machines
are no longer manufactured in the United States, however, used or
reconditioned ones ¢an still be purchased — Seventy percent of machines today
gre dry-to-dry machines using a one step preocess that eliminates clothing
transfer ' Clothes enter and exit the machine dry PERC exposure from
dry-to-dry machines is congiderably less than exposure from transfer machines
Most federal and state regulatlions do not require the use of dry-to-dry
machines, however, a few states, such as California and New York, have
introduced legislation to eliminate use of transfer machines  Worker
expasures below 25 ppm are much more diffieult to achieve using a transfer
machine Most shops are moving or have moved to replace transfer machines
with dry-to-dry machines because of the trend toward stricter regulations from
both state and federal OSHA and the EPA

Ameng dry-to-dry machines, there are two general types in use toeday  vented
and ventless dry-to-dry machines  Venced dry-to-dry machines vent residual
solvent vapors directly to the atmosphere or through some form of vapor
recovery system during the aeraction process  Ventless dry~-to-dry machines are
essentially closed systems which are only cpen teo the atmosphere when the
machine door 1is opened or closed They recirculate heated drying alir through
a vapor trecovery system and back to the drying dtum There is no aeration
atep

Two primary technolopies are used to recover PERC vapors the carbon adsorber
and the refrigerated condenser Carbon absorbers remove PERC molecules from
the alr by passing solvent laden vapors over activated carbon, which has a
high adsorption capacity The PEREC 1s then recovered in a condenser,
separated from the water, and returned to the storage tank  Desorption
typically oeccurs daily, 1f not done regularly, the carbon bed will becoms
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 a
carbon adsorber or refrigerated condenser alcne  They are the Boewe®
Consorba® and Dow TVS® technology Both of these are a subset of ventless
dry-to-dry machines, which reduce cccupational exposure by lowering selvent
residuals 1n the ¢ylinder The Boewe? Congorba® has a refrigerated condenser
and carbon adserber in series  Air passes through the refrigerated condenser
where solvent is extracted A drying sensor in the machine switches to a
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cool-down cycle During this phase, the cooled air leaves the refrigerated
condenser and passes through the carbon adsorber

Dow's TVS® technology has eliminated the need for condensation equipment and
returns the vapors directly to the machine cylinder A polymeric adsorbent
has been developed by Dow which has a high capacity for PERC, even at high
vapor concentrations The polymer 18 desorbed by hot alr, thereby eliminating
any waste water stream which would resulc if steam were used This system can
be used as a primary contrcl and retrefitted to existing, vented, dry-to-dry
machines, converting the machine to a closed-lceop, no vent system  This
system can also be used as a secondary control on closed-loop, refripgerated,
dry-to-dry machines to lower residuals in the c¢ylinder

Dry cleaners use flltration and distillation to recover and purify the
solvent  Filtration 1s used to remove inscluble soils, nonvelatile tesidues,
and loose dyes from the solvent Filtration is usually a continuous process
in which the selvent passes through either an adsorbent powder or filter
cartridge, both of which must be replaced periodically  Additionally,
powderless, spin-disc filters* and a no filtration process® have been
developed that significantly reduce the generation of hazardous waste

Distillation, which 15 used by 90 percent of the industry, separates scluble
o1ls, fatty acids, and greases not removed by filtration ¥ Distillation
occurs by heating PERC to its boiling point so that it vaporizes and later 1is
condensed back teo liquid form  During this process, nonvelatile impurdities,
which camnet be boiled off, remain at the bottom of the still and are
digcarded as hagzardous waste  Bath filtration and distillation produce solid
wastes containing PERC residue
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APPENDIX C POTENTTAL HAZARDS

Exposure to PERC ias the primary health hazard for workers in dry cleaning
facailities today PERC can enter the human body through both respiratory and
dermal expaosure Symptoms associated with respiratory exposure include the
following depression of the central pervous system, damage to the liver and
kldneys, impaired memory, confusion, dizziness, headache, drowsiness, and eye,
nose, and throat irritation ' Repeated dermal exposure may result in dry,
scaly, and fissured dermatiris *?

Over the past 15 years, studies conducted by the National Cancer Institute
{1977) and the National Toxlicology Preogram (1986} have established a link
between PERC exposure and cancer in animals  Other studies have shown an
elevated risk of urinary tract,?* ¥ esophageal,® ¥ and pancreatic

cancer® ¥ among individuals who work in dry cleaning establishments  Most

of these studies involved exposure to a variety of solvents and have not been
linked te PERC expesurz  Cancer mortality research is continuing at NIOSH and
octher research organizations

Spotting involves the selectiwve application of m wide variety of chemicals and
steam to remove specific stains Some of the chemicals and chemical famailies
that are used on a fairly regular basis for spotting in addition to PERC are
as follews  other chlorinated solvents, amyl acetate, petreleum maphtha,
oxalie acid, acetiec acld, esters, ethers, ketonea, dilute hydrofluoric aeid,
hydrogen peroxide, and aqueous ammonia  Individuals who perform the spotting
process could be exposed to toxic chemicals through skin or eye contact or
inhalation of wvapors Use of dilute hydrofluoric acid, which is found in rust
removal spotting ageunts, poses the greatest risk from acute dermal exposure,
however, many of the chemicals used can cause occupational dermatoses from
chronic exposure te the skin

Previous studies have showm that Inhalaticn exposures are minimized due to the
limited guantities of chemicals and the intermittent nature and short duratien
of the task ' During personal sampling by the Arthur D Little Company at

the Internaticnal 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 is skin damage resulting
from chronic or acute expasure or injury to the eyes, however, chemicals that
readily vaporize and have a high toxieicy could pose a risk from inhalation
Vapor pressure, toxicity, ventilation, manner and frequency of use, and air
concentration should all be considered when assessing the risk from
inhalation
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APPENDIX I
RESFIRATORY PROTECTION
{Code of Federal Regulations, 29 CFR 1910 134)

(a) Permissible practice (1) In
the control of those occupational
diseases caused by breathing air
contaminated with harmful dusts,
fogs, fumes, mists, gases, smokes,
sprays, or vapors, the primary
objective shall be to prevent
atmospheric contamination  This
shall be acceomplished as far as
feasible by accepted englneering
contral measures (for example,
enclosure or confinement of the
operation, general and local
ventllation, and substitution of less
toxic materials) When effective
engineering contreols are not
feasible, or while they are being
instituted, approprilate respiratars
shall be used pursuant tao the
following requirements

(2) Respirators shall be provided
by the employer when such equipment
is necesgsary to protect the health of
the employee  The employer shall
provide the respirators which are
applicable and suitable for the
purpose intended The employer shall
be responsible for the establishment
and maintenance of a respiratory
pretective program which shall
inciude the requirements ecutlined in
paragraph {(b) of this sectiom

{3) The emplayee shall use the
provided respilratory protection in
accordance with instructions and
training received

{b) Requirements for a minimal
acceptable program (1) Written
standard operating procedures
governing the selection and use of
respiraters shall be established

1910 134(b)(2)

{2) Resplratorz shall] be zelected
on the basis of hazards to which the
worker is exposed

{3} The unser shall be instructed
and trained in the proper use of
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respirators and thelr limitatioms

{4} [Reserved]

{5) Respiratora shall be regularly
cleaned and disinfected Those used
by more than one worker shall be
thoroughly cleaned and disinfected
aftar each use

{6) Resplrators shall be stored in
a convenlent, clean, and sanitary
location

{7) Respirators used routinely
shall be inspected during cleaning
Worn or deteriarated parts shall be
replaced Respiraters for emergency
use such as self-contained devices
shall be thoroughly inspected at
least gnce a menth and after each
use

{8} Appropriate surveillance of
wark area conditions and degree of
employee exposure or stress shall be
maintained

{9y There shall be regular
Inspection and evaluation to
determine the continued effectiveness
of the program

{10} Persons should not be asegigned
ta tasks requiring use cof respirators
unless ir has been determined that
they are physically able to perform
the work and use the equipment The
local physiclan shall determine what
health and physical ¢onditions are
pertinent The respirator user's
medical status should be reviewed
periodically {(for imstance,
annually)

1210 134(b)(11)

(11) Approved or accepted
resplrators shall be used when they
are avallahle The Tespirator
furnished shall provide adequate
respilratory protection against the
particular hazard for which ic is
designed in accordance with standards
established by competent authorities
The U & Department of Intericr,



Bureau of Mines, and the U §
Department of Agriculture are
recognized as such authorities
Although respirators listed by the
U S Department of Agriculture
continue to be acceptable for
protection against specified
pesticides, the U 5 Department of
the Intericr, Bureau of Milnes, is the
agency now responsible for testing
and approving pesticide respirators

(ey Selection of respirartors
Proper selection of respirators shall
be made according to the guidance of
american National Standard Practices
for Respilratory Protection
Z88 2-1969

(d) Alr qualicy {1} Compresased
air, compressed oxygen, liquid air,
and liquid oxygen used for
respiration shall be of high purity
Oxygen shall meet the requirements cof
the United States Pharmacopoela for
medical or breathing oxygen
Ereathing ailr shall meet at least the
requirements of the specification for
Grade D breathing air as described in
Compressed Gas Association Coumodity
Specification G-7 1-1966  Compressed
oxygen shall not be used in
supplied-air reapirators or in cpern
circult self-contained breathing
apparatus that have previcusly used
compressed atr  Oxygen mist never be
used with air line respirators

1910 134{d} (2}

{2} Breathing air may be supplied
to respirators from cylinders or air
COMPYeS5OTSE

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

(ii) The compressor for supplying
alr shall be equipped with necessary
safety and standby devices A
breathing alr-ctype compressor shall
be used Compressors shall be
constructed and situated so a=s to
avoid entry ¢of contaminated air inte
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the system and suitable in-line air
purlfying sorbent beds and filters
installed to further assure breathing
alr quality A receiver of
sufficient capacity to enable the
respirator wearer to escape from a
contaminated atmosphere in event of
compressor failure, and alarms to
indicate compressor fallure and
overheating shall be installed in the
system If an oil-lubricated
compressor 1s used, it shall have a
high-temperature or carbon monoxide
alarm, or beth If only a
high-tempetrature alarm is used, the
air from the compressor shall be
frequently tested for carbon monoxide
to lnsure that it meets the
specifieations in paragraph (d)(1l) of
this section

{3} Alr line couplings shall be
incompatible with outlets for other
gas systems to prevent inadvertent
servicing of air line respirators
with nonrespirable gases or oxygen

1910 134(d){4)

(4) Breathing gas containers shall
be marked in accordance with American
Hational Standard Method of Markang
Portable Compressed Gas Contalnmers to
Tdentify the Material Contained,

Z48 1-1954, Federal Specification
BB-A-1034a, June 21, 1968, Air,
Compressed for Breathing Purposes, or
Interim Federal Specificatien
GG-B~00675b, Aprail 27, 1965,
Brearhing Appararus, Self-Contmined

{e) Use of respirators
(1) Standard procedures shall he
developed for resplrator use  These
should include all information and
gulidance necessary for their proper
gselection, uge, and care Possablae
emergency and routine uses of
respirators should be anticipated and
planned for

(2) The correct resplrator shall be
speclfied for each job  The
respirator type 1s usually spacified
in the work procedures by a qualified
individual supervising the



resplratory protective program  The
individual issuing them shall be
adequately instructed to insure that
the correct respirater is lssued

(3) Written procedures shall be
prepared covering safe use of
respirators in dangerous atmospheres
that might be encountered in normal
operations or in emergencies
Parsonnel shall be familiar with
these procedures and the available

respirators

1910 134(e){3) (i)

(1) In areas where the wearer, with
failure of the resplrator, could be
overcome by a toxic or oxygen-
deficient atmesphere, at least one
additional man shall be present
Communlcaticons {visual, voice, or
slgnal line) shall be mailntalned
between both or all indiwiduals
present  Planning shall be such that
one individual will be unaffected by
any likely incident and have the
proper rescue equipment to be able to
assist the other(s) in case of
emergency

(11} When self-contalned breathing
apparatus or hose masks with blowers
are ysed in atmespheres immediately
dangerous to life or health, standby
men must be present with suitable
rescue equipment

(111) Persomns using air line
resplrators in atmospheres
immedirately 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
equivelent provisions for the rescue
of persons from hazardous atmospheres
shall be used A standby man or men
with gultable self-contalned
breathing apparatus shall be at the
nearsst fresh alr base for emergency
rescue

(4) Respiratory protection 15 no
better than the respirator in use,
even though it 1s worn
conscientiously Frequent random
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inspections shall be conducted by a
qualified individual to assure that
respirators are properly selected,
used, c¢leaned, and maintained

1910 134(e)(5)

{5) For safe use of any respirator,
it is essential that the user be
properly imgtructed in its selection,
use, and maintenance Both
supervisors and workers shall be seo
instructed by competent persons
Training shall provide the men an
cpportunicy to handle the respiratoer,
have it fitted properly, test its
facepiece-to-face seal, wear it in
normal air for a long familiarity
pericd, and, finally, to wear it in a
test atmosphere

{1) Every respirator wearer shall
receive fitting instructions
including demonstrationa and practice
in how the respirator should be worn,
how to adjust 1t, and how to
determine 1if it fits properly
Respirators shall not be worn when
conditions prevent a good face seal
Such conditions may be a growth of
beard, sideburns, a skull cap that
projects under the facepiace, or
temple pleces on glasses  Alsa, the
absence of one or both dentures can
seriously affect the fit of a
facepiece The worker’s diligence in
observing these factors shall be
evaluated by petriodic check Ta
assure proper protection, the
facepiece fit shall be checked by the
wearer each time he puts on the
respirator This may be done by
following the manufacturer’'s
facepiece fitting instructions

(1i) Providing respivatory
protection fer individuals wearing
cortective plasses is a serious
preblem A proper seal cannot be
established 1f the temple bars of eye
glasses extend through the sealing
edge of the full faceplece As a
tempoTATY measure, glasses with short
temple bars or without temple bars
may be taped to the wearer?s head



Wearing of contact lenses in
contaminated atmospheres with a
respirator shall not be allowed
Systems have been developed for
mounting corrective lenses ingide
full facepileces When a worlman must
weatr corrective lenses as part of the
facepiece, the facepiece and lenses
shall be fitted by qualified
individuals to provide good vision,
camfort, and a gas-tight seal

1910 134¢e){5)¥{iil)

(111} If corrective spectacles
coggles are required, they shall
wort so as net to affect the fit
the facepiece  Preper selection
equipment will minimize or avaid
problem

(f) Maintenance and care of
respirators (1) A program for
maintenance and care of respirators
shall be adjusted to the type of
plant, working conditiens, and
hazards inveolved, and shall include
the following basic services

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

(ii) Cleaning and disinfecting,

{1il)} Repair,

(iv) Storage
Equipment shall be properly
maintained to retain lts eriginal
effectiveness

{2) (i) All respirators shall be
inspected routinely before and after
each use A respirater that is not
routinely used but is kept ready for
emergency use shall be inspeected
after each use and at least monthly
to assure that it is in satisfactory
working conditicn

{ii) Self-contained breathing
apparatus shall be inspected menthly
Air and oxygen cylinders shall be
fully charped according to the
manufacturer’s instructions
shall be determined that the
regulator and warning devices
function properly

or
be
of
of
this

It

1910 134(£y{2)(1iii)
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¢(1ii) Respirator inspection shall
include & check of the tightness of
connections and the condition of the
faceplece, headbands, valves,
connecting tube, and canizters
Rubber or elastomer parts shall be
inspected for pliability and signs of
deterioration  Stretching and
manipulating rubber or elastomer
parts with a massaging action will
keep them pliable and flexible and
prevent them from taking a set during
storage

(iv) & record shall be kept of
inspection dates and findings faor
resplrators maintained for emergency
use

{3) Routinely used regpirators
shall be collecred, cleaned, and
disinfected as frequently as
necessary to insure that proper
protection is provided for the
wearer Respirators wmaintained for
emergency use shall be gleaned and
disinfected after each use

{4) Replacement or repairs shall be
done only by experienced persons with
parts designed for the resplrator
No attempt shall be made to replace
components or to make adjustment cor
repalirs beyond the manunfacturer’s
recommendations  Reducing or
admission valves or regulators shall
be returned to the manufacturer or to
4 trained technician for adjustment
o Yepair

1910 134(£)(3)

{5} (1} After inspeection, cleaning,
and necessary repair, reapirators
shall be stored to protect agalnst
dust, sunlight, heat, extreme cold,
excessive molsture, or damaging
chemicals  Respirators placed at
stations and work aveas for emerzency
ugse should be quickly accessible at
all times and should be stored in
compartments built for thes purpose
The compartments should be clearly
marked Routinely used respirators,
guch ag dust resplrarers, may be
placed in plastic bags  Respirators



should not be stored in such places
as lockers or tool boxes unless they
are in carrying cases or cartons

(11) Respirators should he packed
or stared so that the facepiece and
exhalation valve will rest in a
normal position and funectien will not
be impaired by the elastomer setting
in an abnormsl pesition

{111} Instructions for proper
storage of emergeucy respirators,
such as gas masks and self-contained
breathing apparatus, are found in
"wge and ¢are" instructions usually
mounited inside the carrying case 1lid

{g) Identification of gas mask
canisters (1) The primary means of
identifying a gas wask canlster ghall
be by means of properly worded
labels The secondary means of
identifying & gas mask canister shall
be by a color cade

1910 134(g)(2)

{2) All who 1ssue or use gas masgks
falling within the scope of this
sectlen shall see that all gas mask
canisters purchased or used by them
are properly labeled and colored in
gecordance with these requiremenis
before they are placed in service and
that the labels and colors are
properly maintained at a&ll times
thereafter until the canlsters have
completely served their purpose

(3} On each canister shall appear
in bold letters the following

{i) - Canister
for

{Name for atmospheric contaminant)
Qr
Type N Gas Mask Canmister

(11) In sddition, essentially the
following wording shall appear
beneath the appropriate phrase on the
canister label  "For resplratory
protectlon in atmospheres containing
not mare than percent by
volume cof "

Hame of atmospheric contaminant)
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1910 134(g) (4]

(4) Canisters having a special
high-efficiency filter for protection
against radionuclides and other
highly toxic particulates shall be
laheled with a statement of the type
and degree of protection afforded by
the filter The label shall be
affixed to the neck end of, or to the
gray stripe which 15 around and near
the top of, the cenister 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 &
flow rate of 853 liters per minute

(5) Each canister shall have a
label warning that gas masks sheuld
be used only in atmospheres
containing sufficlent oxygen to
suppert life (at least 16 percent by
volume), since gas mask canisters are
only designed to neutralize or remove
contaminents from the ailr

(6) Each gas mask canister shall be
rainted a distinctive color ot
combination of c¢olers indicated in
Table I-1 All colors used shall be
such that they are clearly
idencifiable by the user and clearly
distinguishable from one 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 exposzed under normal
conditions of storage and use
Appropriately colored pressure
sensitlve tape may be used for the
stripes



TABLE L-1

Atmospherle contaminanta
to be protected against

Colars assigned(l}

White

White with 1/2-inch green stripe
completely around the canister
near the battom

White with 1/2-inch yellow stripe
completely around the canister
near the bottom

Acid pases
Hydrocyanic acid gas

Chlorine gas

Organic wvapors Black
Ammonia gas Green

completely arcund the canister
near the bottom

Blue

Yellow

Yellow with 1/2-inch blue stripe
completely ercund the canlster
near the bottom

Carben Monoxide

Acid gases and organilc vapors
Hydrocyanie acid gas and chloropdcrin
vapaor

Acid gases, ovganic vapore, and ammonia
gases

Radicactive materilals, exXcepting
tritjum and noble gases

Partlculates {dusts, fumes, mists,
fogs, or smokes} in combinaticn with
any of the above gases or vapers

Ercwn

Purple (Magenta)

Canlster color for contamimant, as
designated above, with 1/2«inch
gray stripe completely around the
canister near the top

Fed with lf2-inch gray stripe
completely around the canister near
the top

All of the above atmocapheric

1
1
I
i
1
1
1
|
|
i
1
1
1
]
r
i
1
1
1
1
)
Acid gaseg and ammonia gases ! Green with 1/2-inch white stripe

|
i
1
1
)
|
|
|
:'
1
|
|
|
|
|
1
i
|
|
|
|
|
|
|
|
contaminants ;
I

I

1

Footnota(l) Gray shall not be assigned as a maln color for a canister
designed to remove aclds or vapors

NOTE Qrange 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 O0ffice of Management and Budget under coantrol number

1218-0099) [39 FR 23502, June 27, 1974, as amended at 43 FR 49748, Oct 24,
1978, 49 FR 5322, Feb 10, 1984, 49 FR 18295, Apr 30, 1984)

33



APFENDIX FE RAW ATR SAMPLING AND REAL-TIME DATA
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DATE

DAY

05/09/94 MAY_B

05/10/94 MAY_10
05f10/24 MAY_10
a5/1D/54 MAY_1D
05/10/94 MAY_t0
05/10/94 MAY_T0
05/10/94 MAY 10
08/10/94 MAY_10
65/10/94 MAY_10
05/10/94 MAY_10
05/10/94 MAY 10
05/10/94 MAY_10
05/10/94 MAY_10
05/10/54 MAY_10
05{10/94 MAY_10
081094 MAY 10
05/10/94 MAY_10
05/10/94 MAY 10
0&/10/24 MAY_10
D5/10/94 MAY_10
05/10/54 MAY_10
05(10/94 MAY_10
08/10/94 MAY_10
05/11/94 MAY 11
US/11/84 MAY_11
051154 MAY_11
05/11j84 MAY_11
05711184 MAY 11
05/11/84 MAY_11
05/11/84 MAY_11
05/11484 MAY_11
05/11/94 MAY_11
05/11/94 MAY_11
D5/11/94 MAY_113
05/11/94 MAY_11
D5{11/94 MAY_11
05/11/94 MAY_11
05/12/94 MAY 12
D5/12/94 MAY_12
05{12/94 MAY 12
Q5{12/94 MAY_32
a5{12/94 MAY_3i2
05{12/24 MAY_12
A5/12/94 MAY_12
D5/11/54 MAY_11
05712794 MAY_12
05/12/94 MAY_12
05/12/84 MAY_12
O5/12/54 MAY_12
D5/12/94 MAY_12
D5/12/24 MAY_12
05/12{24 MAY_12

TUCHMAN CLEANER'S CHARCOAL TUBE SAMPLES

SAMPLE # TYPE

£61 0¢
€62 0a
747 00
587 DO
E46 OO
782 0d
509 00
E55 0a
547 OO
£55 00
£52 00
851 00
731 0o
760 D0
6687 00
595 OO
669 OO
611 0D
648 0b
504 GO
€624 00
£33 00
€07 00
6300
780 00
619 0D
617 00
73500
627 00
584 0D
€31 00
754 00
65% 00
624 00
51600
751 0O
767 0O
8§25 00
588 Q0
758 OO
61400
759 00
I7000
79000
£23 00
B8B83 00
€03 00
561 0Q
757 00
783400
788 00
684 00

AREA
PERSONAL
AREA
AREA
AREA
AREA
PERSONAL
PERSCNAL
AREA
FERSONAL
AREA
AREA
AREA
AREA
PERSCNAL
FERSONAL
PERSONAL
AREA
AREA
AREA
AREA
PERZONAL
PERSONAL
PERSONAL
AREA
AREA
AREA
AREA
PERSONAL
PERSONAL
PERSOMAL
AREA
AREA
AREA
AREA
PERSDONAL
PERSONAL
PERSONAL
AREA
AREA
AREA
AREA
PEASONAL
PERSCKNAL
AREA
PERSCONAL
AREA
AREA
AREA
AREA
PERSONAL
PERSONAL

SAMPLE
LOCATION

OFF GAS
OPERATOR
RECEFTION
ABOVE MACH
BEHIND LF
BEHIND RT
PRESSEA 2
FRESSER 3
OFF GAS
OPERATCA
RECEPTION
ABOQVE MACH
BEHIND LF
BEHIND RT
PRESSER 2
PRESSER 2
QPERATOR
RECGEPTION
ABOVE MACH
BEHINDLF
BEHINDRT
FRESSEA 2
PRESSER S
CPERATOR
RECEPTION
ABOVE MACH
BEHING LF
BEHIND RT
PRESSER 2
PRESSER S
COPERATOR
RECEFTION
AROVE MACH
BEHIND LF
BEHIND RT
PRESSER 2
PRESSER 3
QPERATOR
RECEPTICN
ABOVE MaCH
BEHIND LF
BEHIND AT
PRESSER 2
PAESSER 2
OFF GAS
OFPERATOR
REGEFTION
ABCOVE MACH
BEHIND LF
BEHIND RT
PRESSER 2
PRESSER 3

SAMFLE
TIME
{min)

8700
§24 00
123 D0
124 00
128 00
12800
ah oo
83 00
7 00
12004
12500
122 0g
12000
117 G0
115 G0
11200
12000
17 0
12100
121 00
12300
12300
12400
118 0¢
118 00
117 Qo
12000
122 00
11400
11808
13000
12700
123000
12700
12500
57 0D
7500
12000
118600
11acn
12100
122040
124 04Q
11500
41 DO
12000
12000
12000
121 08
12000
37 00
13000
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FLOW
RATE
{LEM)

G2
o1
ot
at
o1
01
(L
ai
02
ot
01
a1
a1
LR
0t
ot
1
D1
o1
@1
a1
at
o1
01
o1
o1
o1
o1
01
o1
01
01
a1
ai
01
01
o1
a1
¢1
a1
01
01
a1
a1
o2
c1
a1
01
01
a1
01
o1

YOLUME
{iters)

174
12 4
123
12 4
128
128
aa
)
T4
120
125
122
120
117
113
112
120
117
121
121
123
123
12 4
i1 8
118
117
120
122
1i4
1t 8
30
127
13 0
17
125
57
75
120
118
118
121
122
12 4
118
B2
120
120
120
121
129
37
1324

PERC
DET
LMIT

001
oo
oM
oo
oo
oM
oo
oM
ool
e
ao
oM
0a1
oo
oo
0ot
0 0t
oo
oo
oo
o
oo
e
0o
oo
oo
oo
oo
oot
am
oo
om
oo
0o
oo
oot
ear
om
0 01
o 04
oM
ood
oo
oaf
Do
om
Ll )
om
D
0ot
0.01
oo1

PERC
MASS
(mg)

Qo7
1 &0
028
078
D 47
180
0 &0
D18
ooy
120
018
054
D24
Q7a
042
D24
180
013
0T7E
nrz
0 B3
042
18
170
032
075
073
190
022
014
arFo
Lagele]
023
o138
¢ 28
G 03
004
150
Q3
oa
Q50
130
037
0as
oo
0 64
Q10
029
o1&
. ¥4
o156
014

PERC
CONC
{mg/m3)

39
1290
228
637
a7
1408
657
217

5%
1000
14 4
443
283
667
365
21 4
1500
11
828
595
512
ad t
145
1444
271
64 %
8D &
1557
183
119
538

69
223
142
22 4
53
53
1250
805
B6A &
496
106 6
208
an 4
105
B33

63
242
taz
08
405
108

PERG
CONC
{ppm)

057
15 03
336
9 40
541
20 74
9 B3
320
1385
1475
212
653
418
983
539
316
22 12
1 64
826
877
7 55
504
214
21 25
400
9 45
"B 87
22 97
285
175
7 54
101
329
209
330
079
D79
18 43
450
1012
731
15 7
440
449
155
785
iz22
356
195
4 55
698
1549
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Sample
gize

Average

Page 1

Geocmetric
mean

T T T T E E e m Em - — - —E AR L CE CEEm R R R ™R R o M i oo F B E A BT oM omm i ok WM B oo ™ B m o o o e e e e e e oo BB s — — =

Open door
Unload
Load

Shut door
Other

9.19544
271.055
846.120
€0.4500
237,890

2.51700
204,380
1003.11
26.1768
171.324

2.51700Q
478.566
1003.11
26.1768
82.5576

3.86274
155.573
584.427
42.1811
113.228

e m m e e m EmEm o m e om m A — W o W W ™ M o e e o o e e o B e g M e e mm o mm e e ke R o e e mm e M e e e EE N M Me e e g M e e e g e e e e o T

Standard
deviation

Standard
error

o m e o o o o o o o o e o o R o E E R W O B W e M M M M R M m e e O W A o M M o oo M o o g b B A e o de Mk m o o omm om

Open door
Unload
Loaa

Shut door
Other

243,188
68236.0
2615967,
4713.18
£1596.2

15.55%38
263.127
511.827
6B.6526
227,148

6,97378
51.8035
136.792
12.9741
71.B8303

1.£7800
12.0816
82.5576
26.1768
2.51700

37,0838
120%.00
1689.75
308.584
689.490

e e o m m R ok e om o T ol m o o MR m o e w e o o mm M M M M m e o o e e e W B T MM s M R W M E R om o omm W M e om e A W M m m m e m M e e

Lower
quartile

Upper
quartile

Interquartile

range

e m m o — m o oEm A m s e e e e e m o m — R o oE— W W o M o A E e MmO W N W M o W B = M e e = m = = B e o e oy e o = = = = =

Open door
Unload
Load

Shut door
Other

35.4058
1156 .52
1607.19
282.407
686.973

2.18140
55.904¢
431,246
26.1768
82.5576

2.51700
444,534
1305.48
61.9182
406.747

0.33580Q
364,629
874,238
35,7414
324.150

2.2333:s
1.901%2¢6
-D.33127
2.52188
D.91393

- e M R o m o e m e o E om o e m om e W T R Om R oM R M e TR OB oo T T N MM e oo om R e W W oMo e e R E A e M mom e e e e o= o =

Standardized

skewness

Standardized

kurtogis

Coefficient
of wvariation

i e i T i B R T T T T g U

Open door
Unload
Load

Shut door
ocher

2.03876
3.,95925
-0.50602
5.44789
1.17987%

5.32304
-0.81167
6.38176
-0.02804

2.27778
5.54040
-0.61952
6.89309
-0.01810

169.582
97.0752
60.4911
113.56%
95.4B844

45.89772
7047 .43
11845.7
1682.60
2378.90
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Average

Page 1

Geometric
mearl

o mr m oEm mm mm o oam mr o Em o o Em oE Em A m o o B = = e . 4 o k= o mm — — — — — = oEm o Em o = e e o e mr mr mm mr m mm m — — =

i003.2%5
103.240
0.00588%

1078.95
39.5364
0.00000

1078.55%
35.4058
0.00000

0.00000
54.1281
0.00000

T T T T T M e s, e m e m s m T R R B e T T ok ow o ™ R T e e omom o mom oo o m m m m e e W M R AR W e o B B M S e ode m om o s m ol m e e o B o W

Standard
deviation

Standard
error

N T T T T T R A ke m T e e mmmm Em e e e E ke e TN o m — M R M B N B e e e e e = m = m = = = m a T TR O W o W o = — = =

345.714
206.27%
0.02280

62.0921
28.88B49
0.0058%2

0.0000Q0
20.2040
0.00000

1327.30
940.687
0.08832

T A M mom e em e meEE e s Y o T R ommomr R T e o e e e e e — = = m o E e e o o A o o o o m R o W B B e e ey e = e = = e = = = = R

Lower
guartile

e E A m e e e e T E kM eE E R T T omomeom o TR o om oo omom oE omomom Mo om M M e Mmoo o R R o omr — — w m m m er mm mm m m m m m  m ae  m m m

955.789
35.4058
0.00000C

1206.48
60,0724
0.00000

250.693
24.6666
Q.00000

-2.209086
3,43453
1.87298

ST T F R mEEmEmE et E R AR RS . REEE RS mm me TR R oL ™ TR R e om ok B om e o e o oo e e ok o M e M B M o omm m m o o e o om o o om o R

Standardized
kurtosas

Coefficient
of variation

e m At m o em e m mE s e e w — m o E e e — W OB B e MM M o e e o e e e e e e e e o e e o o W e m mm o m W W M M M e o e e e e e

08/17/94

Sample
Level Size
Cpen door 31
Closed doo 51
Other 15
Variance

Level
Open door 119518,
Closed daoo 42551.2
Other 0.00082
Range

Level
Cpen dcor 1327.30
Closed doo 510.483
other G.08832
Standardized
Level skewness
Open doar -5.02125
Clogsed doo 10.03133
Other 6,.12372

4.40659
10.7128
15.0000

5.0081%
15,6145
11.858¢%5

34.4593
199.80s
387.298

31100.5
5265.23
0.08832

el R R R R R .. T
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08/19/84

11:22:46 AM

Average

Page 1

Geometric
mean

- E M e e e oar = e e e o e e e e e dm e e o e e e e e e = e e e e e e o e o e e e e mm e e e e e e dm e e = = = = e o — =

Cpen 1lid
Lead barre
Scrub
Unleocad bar
Transport
Load m/c
Close dpor
Away

Drain xs
Other

Open sg tr
Remove cg
Clean trp
Remove rd
Clean rd
Idle

Close sgq t

0.00000
109.48%8
59.2871
84 .1562
§8.8443
152.651
165.723
1%9.4887
84.4208
48.3576
7.48724
13.0320
20.5006
77.8B244
11.5680
7.69819
B.64170

0.00000
123,249
94.1861
55.{05852
62.2706
174.176
174,185
14,3469
78,8492
22.3008
7.13150
8.64170
10.705¢&
72,8252
6.44352
6.12470
8.64170

0.00000
174.176
172.784
32.8385
76,9868
174.193
174£.193
9.34646
17.1324
22.3006
6.71200
8.64170
11.37&68
65,4420
6.44352
5.4031¢
8.64170

0.00000
0.00000
83,3208
62.6014
72.6219
145.094
165.026
0.00000
67.9152
0.00000
7.42376
10.6571
12.7910
60.7680
7.33311
7.08028
B.64170

o W E O om e o m o oEm m o o m o o m o o o m m m M e e o e e m omm e e ke m mm  mr e mm e e e M e e o e B B o e e W B M e e e W e b e e o m e m

Standard
deviation

Standard

error

A E A o o M E e o o omr MM B dm owr e M R W e e o MM R M B m MR A A o e o R M M M wk TR G 4R A M e T R M e B MR M R M M e R M M A o M R M mm am am e e M e o

Open lad
Lead barre
Scral
Unigad bar
Transport
Load m/c
Close door
Away

Drain xs
Cther

Open sg tr
Remove cg
Clean trp
Renove rd
{lean rd
Idle

Close sq t©

Sample
s8ize

6

38

139

30

23

8

4

120

a7

215

5

25

99

27

10F

57

1
Variance
0.40000
i589.03
2450.52
3573.10
3162.01
1073.10
286.565
286 .770
2368.57
3155.&5
1.25853
§5.1658
992 .558
1678, 67
678.648
17.1482
0.00000

0.00000
€3.1587
49,5027
£9.7754
S&.2317
32.7582
16.9282
16,9343
48.6680
56.1751
1.12184
9.75529
31.5049
40.371%
26.0508
4.143104
0.00000

0.00000
10.2487
4.1%876
10.9134
11.7251
10.5154
B.46411
l.54588
£.21776
3.83111
0.50170
1.95106
3.166286
7.88498
2.54231
0.54849
0.00000

0.00000
0.00000
9.83308
B.9269¢
25,6231
1C3.281
140.2331
0.00000
17.1324
0.00000
6.46030
5.556%90
6.BE302
6.059114
4.58054
5.38638
8.64170

C.00000
174.17E
172.817
178.590
188,825
174.193
174,193
108.315
174,193
174,210
5.24578
40.0371
174.176
146.95%
188,480
24,5827
B.64170
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09/19/94

11:22:46 AM

Lower
quartile

Upper Interquartile

quartile

range

Page 2

Sskewness

e e e e e oo o i o o o o o ow B R e o o e mt E T B M M M e T W B dm om e B M e e e M M M e g e e e e e e e e e e e e e e e e e e e R e

Open lid
Load barre
Scrub
Unload bar
Transport
Lead m/c
Cloge door
Away

Drain xs
Cther

Open sqg tr
Remove cg
Clean trp
Remove rd
Clean rd
Idle

Close sq t

C.00000
174.176
162,984
169.663
le3.202
70.8123
33.8620
108.315
157.081
174,210
2.78548
34.0802
167.313
140.868
184.889
19.1963
0.00000

0.06000
45.1718
60.4919
32.8385
42.6883
122.192
157.254
5.34646
35.5840
7.29930
6.71200
7.29930
7.34564
55.8438
5.88878
5.40316
B.64170

0.00000
174.176
i57.262
144.241
150.433
174.193
174.183
22.0070
115.07L
67.8B080
7.88660
16.8136
12.2662
111.48¢6
7.06438
B.S6052
8.64170

0.0000D
129.005
86.7703
111.40z
107.744
52.0012
16.935%4
12.68605
75.4865
5§0.5087
1.17460
5.5142¢6
4.91654
55.6425
1.17460
3.55736
0.00000

D.D0ODOD
-0.31283
0.00557
0.51427
0.63762
-0.95564
-2.00000
1.82051
0.32470
1.25978
1.15333
1.597565
3.343540
-0.,11591
2.90124
3.0525¢6
0.00400

e m W N B o om B om m e om o om B M omk o omm T W M M M om e M M M B N M T M M o g M M M M e o gy e e e e e e e o e e mm e o o e o B M Bk e e o MR oA W o o

Standardized

skewnass

Standardized

kurtosis

Coefficient
of variatzon

e mm o Em mm e mm Em mm e m mm o m Em r mm o Mk M e e o mm W M B s M mm e T W M ok o M M T TR M M M M e M e e A T e o o e mr v o o e e o — — = e e — — — — — — —

Open 1ligd
Load harre
Scrub
Unleoad bar
Transport
Load m/c
Close door
Away

Drain xs
Other

Open sg tr
Remove cg
Clean trp
Remove rd
Clean rd
Idle

Close ag t

C.00000
-0.78753
0.02875
1.14994
1.24838
-1.17042
-1.63299
8.45463
1.23644
7.54118
1.05284
3.26098
13,5830
-0.24589
24,6887
8.,40861
0.00000

1.54672
11.06092
-0.66465
35,8442
2.60582
0.006000

0.00000
-1.89283
-2.938239
-1.6238¢6
-1.14003
-0.80051

1,.632898

12.0918
-1.84742

0.24877

0.33945

1.57862

22.4817
-0.70497

74.5734

14.803¢6

0.00000

BE7.6852
49.8682
71.0221
£3.2925
21.4595
10.2147
86.8929
57.6493
116.1566
14.9834
74.8553
153.678
52.0462
225.198
53.7924
0.00000

0.00000
4160.57
1379%8.1
2524 .69
2043 .42
1373.886
662.894
2338.85
7344 .51
10396.9
37.4362
325.800
2029.56
2101.26
1214.64
438.797
8.64170
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09/19/94

01:25:33 PM

Average

Median

Page 1

Geometric
mean

- [
- M o mom m om o e o e o M e S B o e wm R wr e e e B B R M N MR W R M M ke m e R W M M o W ow W — — T e = = = = = =M - -

Cpen sq bt
Remove cg
Clean cg
Replace cg
Close lad
Openn rd bt
Remove cg
Clean cg
Replace c¢g
Close 11d
Open 1t ft
Remove ftr
Clean ftr
Replace It
Clean 1t
Transpart
Cpen barre
Dyspose of
Cleose barr
Others
Stand idle
Over wvacuu

2.13830
7.38320
12.1855
12.0206
15.171%
21.8140
19.7724
32,5113
62.2233
60.4080
4B8.1826
25.5709
28.70486
33.8746
81.9284
32.0458
11.1816
9.76596
12.8501
$.63337
16,8888
28.00089

§.13830
7.38320
8.89340
12.081s
iE.102¢C
21.8140
15.9682
23,1564
49,5010
60.4080
45.8094
25,2539
30.86235
22,4852
71.3989
29.19%72
%.90020
9.90020
11.9977
9.22900
21.4784
21.4784

8.8934Q
7.38320
17.11586
12.081¢
15.1020
21.8140
19.9682
22.9B86
45,1382
€0.4080
60.4080
21.9818
22.3174
22 .4B52
38,2584
33,7278
15.2698
9.90020
11.7460
B.89340
21.47B4
9.,06120

8.10318
7.38320
10,8847
11.9814
15,1515
21.8140
19.7161
29,5730
57.4617
e0.4080
47.4459
25,3988
2B8.3815
24.836%
69.B858
29.0470
10.8206
9.73449
12.6052
g.54602
15.9983
18.5589

e m o m o om m oo meom o eoEmeoEm— — T om oo — — — — & — o moE AR — — e em a4 — oo oo em el oEmeEm e ™ =T W OEEA == == wemor == === = - -

Standard
deviation

errpr

o m o o e W M hr o mm om e omm M M M M e o wm MR MR MR M oy M e e R M m mm e e mm M e M e e o e mm M W e e e mm v R A W O M kW M R W M M M W o o e

Open sg bt
Remove cg
Clean cg
Replace g
Cloge 1id
Open rd bt
Remove <g
Clean cg
Replace ¢g
Claose 1lid
Open 1t It
Remcve ftr
Clean ftr
Replace ft
Clean 1t
Transport
Open barre
Digpose of
Close barr
octhers
Stand idle
Over wvacuu

Sample
s1ze

&

3

63

11

iz

5

18

24

11

13

7

18

42

16

8

22

22

10

50

61

37

31
variance
0.68421
0.00000
55.2169
1.13907
0.68835
0.00000
2.32625
231.741
667.322
0.00000
B4.8157
9.84210
78.3083
2384.,562
2567.,51
267.544
8.87947
0.68077
6.53594
1.79¢€7¢6
29,0488
B74.789

15.2230
25.832¢6
0.00000
9.21497
3.13721
B.Ba&s20
48.832¢
50.6745
16.3568
2.99658
0.82509
2.55655
1.34043
5.38969
29.5768

17.9162
48727
.63887
26092
. 36155
L7162
.88606
.31216

N OD O OO W

7.38320
7.38320
7.215490
11.Q0748
13.4240
21.8140
17.6180
17.6190
27.6870
60.4080
36.4126
21.9818
17.9546
18.7938
38,2584
15.2698
7.21540
B.72560
8.55780
7.38320
10.5714
7.21540

8.88340
7.38320
43.1246
14.2342
17.2834
21.8140
21.8140
63,7640
102.526
650.4080
60.4080
33.2244
47.6552
216,630
175.819
81.5508
15,2698
11.2426
17.1156
12.0816
22.6530
105.2311

e m = e m e M o o o o o m M M A o o M T o e omm o m M sk B ke R M R M M de e mR MR M i B ok o mk M M e e e b odm L e A M e o e = e = o = o o o =



09/19/94

0L:25:33 PM

Range

Lower

quartile

Upper Interquartile

quartile

range

Page 2

Skewness

e W M — W o o A o o e o W M e M R R M e e T M M Y N M owt MR M BN A m e e e e e e e e sk mm mh e M o M MR M AN R R B M M o E B W e om o om ow — e

Open d8g bt
Remove cg
Clean cqg
Replace cg
Close lia
Open rd bt
Remave cg
Clean cg
Replace cg
Close lid
Open 1t fr
Remove frr
Clean frr
Replace ft
Clean 1t
Transport
Open barre
Dispose of
Close barr
Others
Stand idle
Over vacuu

1.51020
0.00000
35,9092
3.85940
3.85940
0.00000
4,15500
46.1450
74.8388
0.00000
23.5954
11.24286
29.74806
197.83%
137.260
66.2810
8.05440
2.51700
B8.55780
4,.6%840
12.0816
97.9552

7.38320
7.38320
8.32000
11.0748
15.1020
21.8140
17.954¢
22.9886
45,1382
60.4080
41.6144
22.5886
22.3174
18.793%
3g.2584
22,6530
8.72560
8.72560
11.5782
8.892340
11,0748
9.06120

8.89340
7.38320
15.6054
12.08146
15.1859
21.8140
20.6394
41.5305
B7.9272
&€0.40840
£0.4080
27.5192
35.7414
22.4852
111.168
33,7278
15.2688
10.2358
15.19020
10.5714
21.4784
25,0022

1.51020
0.00000
7,21540
1.00680
0.08390
0.00000
2.68480
18.5419
42.7890
0.00000
18.993%
4.53060
13.4240
3.69160
72.9091
11.0748
6.54420
1.51020
3.52380
1.67800C
10.4036
15.94£10

HWuooorHRQOOOOOoOMNNO
o
w
o
.
W

0.39437
&.71534
-0.16141
1.73881

————————————————————————————————————————————————————————————————————————————————

Standardized

skewness

Standardized

kurtosis

Coefficient

of wvariation

e o m om AL .  m om om L o om Mmoo A & o am m o . M o o o oy o E M A . o o om — m omom om A o e —

Open ag bt
Remove c¢g
Clean cg
Replace cg
Close 1id
Open rd bt
Remove cg
Clean cg
Replace cg
Cloge 1id
Qpen 1t £t
Remove L[LT
Clean ftr
kReplace ft
Clean 1t
Transporkt
Cpen barre
Dispose of
Cloge barr
Others
Stand idle
Cver wvacuu

0.000600
1.73205
8.81381
2.008%90
1.10019
0.00000
-0.36215
1.87886
0.66846
-1.67134
0.52269
1.65172
0.28342
6.48801
1.20744
3.754448
1.406311
0.06841
1.13845
2.2808Bs
-0.40084
3.9523¢

15.8441
0.11418
4.36406
-1.50056
-0.34377
-0.745889
-0.52741
-2.05323
1.81102

-1.66667
0.00000
13,2452
4.30627
4.01731
0.0000¢

-0.88824

-0.49163

-0.%2073

-1.76635%

-0.60042
0.54303

-1.83513
12,9367
0.06592
4.17827

-1.43706

-0.22190

-1.07660

-Q0.84082

-2.549137
2.05825

10.1e839
0.00000
60.9808
8.87872
5.46845
0.0000C0
7.71380
46.8239
41.51E9
0.00000
19.1281
12.2687
29,7907
144,137
61.8523
51.0355
26.7952
B.44861
13.8951
13.5914E
31.91:28
105.628

4R8.8238
22.143¢6
767,685
132.226
1B2.063
109.487%0
355.904
780.270
684,456
T85.304
337.278
460,275
1247.E9
541.994
€655.427
705.0596
245,985
97.6596
642 506
587.6356
624 .B87
86B.029
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