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EXECUTIVE SUMMARY

A study was conducted at the Appearance Plus Cleaners located in Clincinmati,
Ohio, to evaluate control of worker exposure to perchlorvethylene {(PERC) and
provide recommendactions to reduce exposure Two un-vented, refrigerated, dry-
to-dry machines, each less than five years old, were used at this ghop =a
Boewe® Permac Medel P540, 46-pound dry-to-dry machine and a Fluormatic® Model
M242, 30-pound dry-to-dry machine Both had a refrigerated condenser as the
primary vapor recovery device  Both machines were connected to a Rite-Temp®
Model RTR1003AWC Chiller wusing R-22 refrigerant to chill the water used for
reclamation, distillation, &nd malintaining proper solvent temperature  There
were no secondary recovery devices  Each machine was used to clean
approximately ten loads of clothing daily

There were approximately twenty-five employees at this shop Three workers
were sampled the machine operater, a presser, and a clothing inspector The
machine operater was exposed to 7 8 ppn TWA perchlorcethylenz  Nearly half aof
this exposure resulted from loasding and unleading The presser and inspector,
who did not work inm close proximity to the machines, but did work closely with
dry cleaned clothing, were exposed to less than 1l ppm TWA  The highest area
samples, 5 4 and 5 7 ppm PERC, were taken above the door of the dry cleaning
machines The next highest concentrations were behind the machines The
concentrations above the machine were probably s result of loading and
unloading the machine Garment off-gassing experiments showed that the
30-pound machine was not as eifective &t removing sclvent from clothing as the
46-pound machine However, general ventilation mear the 30-pound machine was
better than near the 46-pound machine due to the large propeller fan located
directly behind the 30-pound machine

Real-time monitoring showed that during loading/unloading the 46-pound
machine, total dose of PERC was higher during unloading (1,955 ppm-sec vs
1,572 ppm-=sec), however, the average exposure was actually higher during
leading (98 ppm vs 89 ppm) The difference is more profound when examining
the median exposure during loading (l47 ppm) ve unloading {98 ppm)} Operator
exposure could be ecut nearly in half by eliminating exposure during loading
and unloading Theoretically, if exposure during loading/unicading could be
reduced to O, then the operator’s total TWA exposure for the day would be
appreximately 3 9 ppm  The average exposures during all of the maintenance on
both machines was slightly over 38 ppm The highest maintenance exposures
occurred while cleaning the lint trap on the Fluormatic®

Controls at Appeatrance Plus Cleaners mzintained exposures well belew 25 ppm,
which 1s the exposure limit that OSHA encourages dry cleaners to follew

NIOSH recommends controlling PERC toc the lowest feagsihle concentration  There
are several measures which could be taken to reduce exposures further, such as
improved vapor recovery or local exhaust ventilation Wet cleaning methods
might also be used to reduce the total quantity of clothing which requires dry
cleaning Persconal protective equipment such as chemical splash gogples and
protective gloves should be used at the spotting station to reduce dermal
exposure to hazardoua chemicals A proper respirator program should algo be
established



INTRODUCTION

The Engineering Ccotrol and Technology Branch (ECTB), Division of Physical
Sciences and Engineering (DPSE), National Institute for Occupational Safety
and Health (NIOSH), has underteken s study of the dry cleaning industry to
update a 1980 NIOSE engineering control study of the industry' and provide

dry cleaners with recommendetions for practical eentrol measures based on
current technology (see Appendix A) The focus of this study is to evaluate
controla for exposure to perchloroethyleme (PERC), however, controls for
ergonomic hazards snd exposures to chemicals used in the sportinpg proceas will
be evaluated on a2 more limited basis

During the initial phase of the study, literature was reviewed to determine
areas in need of research Walk-through purveys were conducted to gain
familiarity with the industry and determine sites for future in-depth studies
In-depth studies lasting several days are now being performed during which
quantitative data 1s collected Personal and area gamplez are ohtained, and
real-time monitoring is conducted Detailed reports are being wrltten to
document all findinge  These in-depth reports will be used to prepare
technical reports and journal artieles that summarize the findinga concerning
effective controls for occupational health hazards in the dry cleaning
industry

This report describes an in-depth study conducted at the Appearance Plus
Cieaners, located in Cincinnati, Ohie  The primary purpeose of this survey was
to evaluate control of worker exposure to PERC from two mon-vented,
refrigerated, dry-to-dry machines and provide recommendatiocns for improvement

PLANT AND PROCESS DESCRIPTION
PLANT DESCRIFIION

AppesTance Plus Cleaners is a commercial dry cleaner, located in Cincinnati,
Chiov There are three shopa located throughout the cirty Two of the shops
are "dry stores" where mo dry cleaning cccure  These two dry shops receive
garments needing cleaned from the customers  After exsmlnation and tagging
for identification, the garments are transported tc the main store for
cleaning, then later, the dry cleaned clothing is returned and held until
cuscomer pickup The focus of this in-depth study was at the main shop where
all of the dry cleaning occurs

Dry cleaning has been done at Appearance Plus Cleaners since 1984 The shop
is lecated in a single story bullding that stands alone. The shop layout is
shown in Figure 1 The front of the store faces the road and has three doors
One entrance is for customers dropping off or picking up clothing, and the
other entrances are to elther the offlces or storage area A worker
transporte clothing between this shop and the two dry stores and uses the
entrance to the storage area to enter and depart

Two dry cleaning machines are located along the center of the rear wall of the
building The beller roow is located directly behind the dry cleaning
machines and three large preopeller fans, which provide general veatilation,

1
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are in the wall Spotting is done on a spotting board just to the front side
of the Fluormatlc® machine  Pressed and unpressed clothing is hung on the
clothing racks in front of the dry cleaning machines Clothing racks behind
the rveception area are used for clothing which 1s ready for customer pickup
Laundry and pressing of dress shirts are done in ocme of the rear cormers of
the building, and a break room is located in the other corner

The shop consumes an average of 30 gallons of PERC every 2 to 2 5 months On
a typical day, each machine processes approximately ten loads eof clothing for
a total of approximately 600 pounds of clothing a day The shop processes
between 160,000 and 1%0,000 pounds of clothing anoually  There are
approximately 25 employees at this shop, of which most work on a full-time
basls (8 hours per day and 5 days per week) The shop 1is open for business
from 7 00 e m to 8 00 p m , Monday through Friday and Saturday 8 00 am to
6 00pm

PROCESS DESCRIFTION

Garments arrive at the shop from two sources  customers who brought their
clothing directly to the shop or via & van which transported the clothing from
the dry shops Garments that arrived at the customer counter were examined
and tagged for identification Prior to being loaded inte the dry cleaning
machine, garments were inspected and sorted according to welght, color, and
finish

Garments with wvisible, localized stains were treated at the apotting station
near the Fluormatic® dry c¢leaning machine  Both machine operation and
spotting were done by one person whose job title was "coperator " Various
chemicals were used depending on the type of stain Spotting may be done
before or after being cleaned in the machine Post-spotting 1s being used
more frequently today because it reduces the amount of spotting required,
which is very labor intensive

Stains rarely consist of one single substance The three general catepories
of stains are water soluble, solvent soluble, and Insoluble  Each type of
stain requires appropriate spotting agents Some of the chemicals and
chemical families thar are frequently used for stalm removal, in addirion rto
PERC, mre the following  other chlorinated solvents, amyl acetate, petroleum
naphtha, oxallc acid, acetic acld, esters, ethers, ketones, dilute
hydroflucric acid, hydrogen peroxide, and aqueous ammonia  Each of these
chemicals are used in small quantities

Most epetting chemicals used today are purchased from a cowpany that supplies
proprietary products to the industry At Appearance Plus, the majority of
spotting agents were products from FabriTEC International's Stamford® line or
Adco Chemical The three products used most frequently at this ghop were
Stamford’s SPOL®, PROTEEN®, and POG?® SPOL? 15 a mixture of hexyleune glycol,
amyl acetate, and nmonylphenol  PROTEEN® is a mixture of aqueous smmonia and
ameenium hydroxide  POG® is a mixture of arpmatic petroleum sclvent,
n-butoxyethanol, ethylene glycol meonobutylether acetate, and amyl acetate



Spotting chemicals and chemical mixtures are either solvent-based liqulds or
water-based detergents They wetre held in small plastic squeeze bottles and
applied to the stzin when needed Spotting was performed on a spotting board
equipped with pressurized air, steam, and water guns designed to flush the
chemicals and stain from the garment Alr, gteam, a small brush, a spatula,
and fingers were all used to help breakup the stain and wash it away A pedal
actuated vacuum wags used to capture the spotting chemicals, and they were held
in a storage reservolr until being discarded Recent German regulations
require a vacuum device to carry away dangerous or noxlious gases and vapors
This was not being used at this shop In regards to the solvents used, the
German Federal Emission Protection Law forbids the use halogenated solvents
outside the machine and, therefore, cannot be used for spotting ?

There were two different dry cleaning machines at this shop A Boewe?® Petmac
Meodel P540, 46-pound dry-to-dry machine and 2 Fluormatic® Model M242, 30-pound
dry-to-dry machine Both of these machines had a refrigeraced condenser as
the primary vapor recovery device The refrigerated condensers used R-22 to
condense PERC vapors during the dry cyele Additionally, both machines were
connected to a Rite-Temp? Model RTRIQQZAWC Chiller using R-22 refrigerant to
chill water used for heat removal during cool-dewn, condensing wvapors in the
still, and cooling solvent in the base tank ® The chiller was added to

reduce the water blll and improve the cleanding ability of PERC, especlally
during the summer months There were no secondary recovery devices  Both
machines were less than five yeare old The 30-pound machine had a 35 minute
cycle and the 46-pound machine had a 45 minute cycle  Technileal
specifications for these machines can be seen in Table |  The 46-pound
machine cost approximately $50,000 and the 30-pound machina cost approximately
$30,000 The Rite-Temp® Chiller cost approximately 511,000

The clothing was weighed in a basket, prior te loading intc the machines The
maximum load for the 46-pound machine was 45 pounds of clothing, and 30 pounds
for the 30-pound machine The welght of every load was logged onto a weekly
record

Dry cleaning is a three-step process involving the following washing,
extracting, and drying A diagram of this process can be seen in Figure 2
(See Appendix B for dry cleaning technology) To begin washing, clothes were
manually loaded into the cylinder of the machine through the front door

After the decor was closed, PERC was automatically pumped into the cylinder
Water-based detergent was automatically injected inté each load, based on the
welght of the load

The contents of the machine eylinder were then agitated, which allowed the
golution to remove soils 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 game machine
Recirculated warm air was used to vaporigze the residual solvent  Unheated air
was then passed through the gystem during the cool-down cycle This step
helped to reduce wrinkles

When the garments had been removed from the machine, they were pressed to
remove wrinkles and to restore their original shape The garments were placed
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{Process flow diagram)

Table 1

Machine Technical Specificaticns

Load Capacity

Cage Volume

Cleaning Speed
Extraction Speed

Tank Capacities

Cooling Water (Drying)

Boewe® MODEL PS40
46 lbs

400 liters (14 cubic
feet)

36 rpm
360 rpm

tank 1
gallons)
tank 2 240 liters (63 &
gallons)

60 liters (15 85
gal/eycle)

175 litera(4é 24

Fluormatic® MODEL M242
30 1bs
8 B cublc feet

A7 rpm
360 rpm

teank ! 28 5 gallons
tank 2 57 gallons

24 galfeycle




on specialized pressing equipment, coming in a variety of shapes and slzes and
uges steam heated to temperatures around 300 °F

The utility presses were manufactured by Forenta®, and the shirt presses were
manufacrured by Unimac® When the garments were properly situated, they were
pressed between two surfaces, at least one of which was hor, to remove any
wrinkles Sume of the equipment that was used included general utility
presses, puff iroms, 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 returned to the
overhead rack to await customer pickup

A local contractor supplied and delivered PERC when needed The solvent was
pumped directly intoc the machine’s holding tank, which eliminates employee
handling PERC used in the wash cycle was cleaned continuously by passing
through a filtration system The 46-pound machine used powder filcters with
diatomacecus earth that were changed approximately every 74 loads  The
Fluormatic® machine used eight Purltan® carbon cartridges that were changed
approximately every four months Distillation was also used to help msintain
solvent purity The 46-pound machine's still was cleaned every morning and
the Fluprmatic® still was ¢leanad each Saturday morning Filtration removes
most of the insoluble solls, and distillation removes most of the soluble
golls

Ventilation consisted of three large, propeller fans located In the rear wall
One was located behind the 30-pound machine, and the other two were located
near the right rear corner of the building The air was exhausted outside of
the building Air conditioning ducts were located in the front of the
building in the offices, the pressing area, and the reception area  Several
comfort fans were located throughout the pressing area to eirculate air

HAZARDS ARD EVALUATION CRITERIA
POTENTIAL HAZARDS

Exposure to PERC is the primary health hazard for workers in dry cleaning
facllities today  Spotting involwes the selective applicaticn of a wide
variety of chemlcals and steam £o Temove specific stalns Individuals who
perform the spotting process could be exposed to hazardous chemicales through
skin or eye contact or inhalation of vapors For & complete description of
the potential hazarda, please refer to Appendix C

EVALUATION CRITERYA

The current Occupational Safety and Eealth Administration (CSHA) permissible
exposure limit (PEL) for PERC is 100 ppm, B-hour time-weighted average (TWA)
The acceptable ceiling concentration is 200 ppm, not to exceed a maximum peak
of 300 ppm for five minutes in any three-hour period * {SHA had lowered the
PEL to 25 ppm in 1989 under the Ailr Contaminants Standard * In July 1992,

the 11th Circuit Court of Appealsa vacated this standard OSHA 4{s currently
enforcing the 100 ppm standard, however, some states operating their own OSHA-
approved job safety and health preograms will continue to enforce the lower

&



limits of 25 ppm OSHA continues to encourage employers to follow the 25 ppm
limit * NIOSH considers PERC to be a potential oecupational carcinogen and
recommends that exposure be reduced to the lowest feasible concentration ’

METHODOLOGY
INDUSTRIAL HYGIENE SAMPLING

The objective of this site visit was to evaluate the effectivenese of the dry
eleaning machines for controlling worker exposura toe PERC  Personal, area,
and background eir sampling was conducted, using NIOSH Method 1003 for
halogenated hydrocarbens This method calle for the use of 100 mg/50 mg
eoconut shell charcoal tubes and carbon disulfide deserption Analysis was
done using a gas chrematograph with flame ionization detector Samples wers
collected aver a 120-minute perlod with a flow rate of 0 1 liters/minute and a
volume of 12 liters The limit of detection for this process was

0 01 mg/sample ®

Area samples were taken at various locations throughout the shop  Alr samples
were collected in front of and behind the dry c¢leaning machines in the
pressing area, in the storage area, near the customer counter, and outside the
building (Figure 1} Full-shift TWA personal sampling was gathered for the
machine operator as well me a presser and garment inspector TWA personal
sampling results were compared to 25 ppm  No mir sampling was done for the
spotting chemicals Bulk samples were gathered from the still residue and
water separator tun-cff znd analyzed for PERC content

VIDED EXPOSURE HMORITORING

Real-time monitoring was used to study in greater detail how specific manual
tasks and malntenance operaticns affect worker exposure to PERC  Some of
these procedures occurred frequently throughout the day, such as
loading/unloading the machine, while others were less often, such as machine
maintenance Most of these tasks took between 5 and 30 minutes  Real-time
monitoring of PERC exposures were performed using a MicroTIP® HL200® (PHOTOVAC
Inc, Thormhill, Ontario) with a 10 6 EV ultraviclet lamp This instrument
uses a phortoionization detector to provide en analog cutput response
proportional to the concentration of ilonizable pollutants present in the air
The MicroTIP® was spanned, using 100 ppm isobutylene span gas, and calibrated
using five standard concentrations of PERC gas Instrument readings and
actual PERC concentration were used to construct m calibratien curve and find
a predictive equation The following formula was used to convert the output
of the PID {volts} to concentratien of contaminant {(ppm)

c{t) = TR(t) * CF* MR

where

C(t) = concentration of vapor at time ¢ (ppm}
IR{t) = instrument response at time t (volts}

¢F = conversion factor from calibration equation
ME MicroTIP# range



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

Real-time monitoring was also used to study off-gassing of garments and teo
compare vapor recovery efficiency between machines This was accomplished by
using a standeard test swatch approximately 5 inches by & iInches, made of

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

General ventilation measurements were taken with a Furz® model 1440 velometer
with a measuring range from 0 to 6,000 feet per minute  Turbulent airflow
neat the dry cleaning machines was gualitatively evaluated using smoke tubes
The capacity and dimensions of general dilution wventllation systems were also
recorded

RESULTS
INDUSTRIAL HYGIENE SAMPLING

Results of the individual ailr samples can be seen in Appendix E A summary of
personal and area air samples for each day can be seen in Tables 2 and 3  The
numbers in parenthesis in Tebles 2 and 3 refer to the sample locations in
Figure 1  All of the personal samples taken at this shop were well below

25 ppm  The time-weighted average exposures would have been even lower if
gampling had cccurred for a full eight hour shift, however, the dry cleaning
machines were not operated for a complete eight hours during cthis survey

As expected, the operator of the machine had the highest exposure to PERC
which was 7 8 ppm TWA  The bulk of this exposure resulted from loading and
unloading the machine and performing maintenance The presser and inspector,
who did not work in close proximity to the machlne {see Figure 1), but did
work closely with dry cleaned clothing, were expcsed to less than 1 ppm TWA

Results of area sampling can be seen in Table 2 The highest area samples
were taken above the dry cleaning machines  The next highest concentrations
were behind the machines The concentrations above the machine probably came
from the machine when the door was opened and closed Althovgh there were
higher residuals in the clothing cleaned in the 30-pound machine, and

Table 2
Time-Weighted Average (TWA) Exposures Over the Sampling Period

Worker Date Sample Perlod TWA
Concentration

{min) (ppm)
Presser (8) 3130/94 419 52
Operator (1) 3/30/94 425 78
Inspector (2) 3/30/94 419 39
Presser {8) 3/31/94 405 70
Operator (1) 3/31/94 421 7 81
Inspector (2) 3131194 388 67




Table 3
Area Sample Concentrations of perchlorethylene in (ppm)

Area Date Average Geometric Geometric Range
Sampliing Mean Standard
Time Deviation
{(min) (ppm) (ppm) (ppm)
AEove Bowe 3/30/94 104 80 57 19 2 5-13 5
{4)
Bzhind Bowe 3/30/94 105 8D 02 16 0 1-0 4
(6)
Above F1 3f/30/94 104 80 23 8 4 D 1-85
(3)
Reception 3/30/94 103 0o 04 16 0 3-07
(L10)
P;essing 3/30/94 103 00 06 21 0 3-15
(9)
Storage 3130794 102 50 05 14 0 4-0 8
(L1}
Behind F1 3130794 97 10 31 14 22-50D
(5)
Cutside 3430194 103 50 03 11 0 0-03
(12)
Above Bowe 3131794 101 50 I | 13 2 3-50
{4)
thind Bowe 3131194 104 40 0 4 135 0 3-0 9
(6)
Above Fl 3131194 106 30 54 11 4 Fu6 2
(3)
Reception 3131{94 98 00 04 25 0 1-0 9
(10)
Pressing 3131194 128 00 D4 25 0 1-138
(3}
thind F1 3131194 101 00 15 13 1 0-2 3
(3)
0?5§ide 3/31/94 9% 00 04 13 0 0-05
(

presumably from the machine’s ¢ylinder during leoading and unloading, this was
not clear from the air samples measured above the machine This could be due
to the larpge fan located directly behind the 30-pound machine which was able

to remove vapors originating from thils machine

Thers were two containers expogad to the atmosphere behind the machine the
30-pound machine’s water separator run-off and the 46-pound machine’s still
rake-out bin PERC concentrations behind the machine may have originated from
these two sources, primarily the still rake-out residue Analysis of the

10



residue in the Boewe® rake-out bin showed that it was 20 percent PERC (wiw)
Analysis of the Fluormatic?® separator run-off showed that 1t was

029 percent PERC (w/w) PERC concentrations were clearly lower behind the
46-pound machine than behind the 30-pound machine

REAL-TIME MONITCORIKNG

Video recording and real-time monitoring was performed during loading and
unloading the mechine, hanging c¢lothing, and performing mainrenance on the
machines such as cleaning the still and lint/button traps Real-time
monitoring was also used to evaluate garment residual off-gassing Because
the MicroTIP® was set for a messuring range between 0 and 200 ppm and =&
correction factor from the calibration curve was used, concentrations above
approximately 150 ppm are not shown

Clearly, the most significant source of exposure to the operator cccurred
during loading and unleading the machines Concentrations during this
procedure were over 140 ppm More importantly, loading and unloading oecurred
approximately ten times a day for each machine Marchine maintensnce normally
pecurred only once a day and some tasks were much less frequent

Figures 4 and 5 show operator exposure during losding and unloading of both
machines and hanging clothing Loading and unloading the &46-pound machine
tock 61 seconds Loading and unloading the 30-pound machine took cnly 32
seconds This difference in time is expected because of the difference in
capacitles  Hanglng the clothing took approximately nine minntes
Surprisingly, for both of these machines, average PERC exposure while loading
the machine with dirty clothing was almost the same as unloading garments that
had been cleaned in PERC This may be due to residuals being forced from the
cylinder when a large quantity of uncleaned clothing is added to an empty
cylinder

Average exposure from lpading and unloading the 30-pound machine was slightly
higher than that from the 46-pound machine  There are two factors at work
here Part may be due to lesz efficient solvent recovery which can be seen
during the off-gassing experiment However, the large fan behind the
Fluormatic? was able to compensate for less efficient recovery and carry away
gome of the PERC escaping from the Flucrwatice® cylinder

Average exposure while hanging the clothing was spproximately 5 ppm By
viewing the wvideo, 1t was apparent that the cperator was belng exposed to
higher PERC concentrations when hanging bulky icems which may not have
completely dried This is shown in Figure 4 by examining peaks which ocecur
while hanging clothing

Figure 6 shows a deteiled plot of loading and unloading the 46-pound machine
following a different machine cycle than in Figure 4 During this cycle,
total dose was higher during unloading (1,955 ppm-gec vs 1,372 ppm-sec),
however, the average expesure was actually higher during loading (98 ppm we
89 ppm) The difference is more prefound when examining the median exposure
during loading (147 ppm) vs unloading (98 ppm)

11
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Operator exposure could be cut nearly in half by eliminating exposure during
loading and unloading This can be seen by determining the operator total
exposure in ppm*seconds during the workday from air sampling (25,380 seconds *
7 8 ppm = 198,000 ppm*sec) and comparing this to the operator total exposure
during loading/{unloading from real-time measurements {leading/unloading
46-pound machine 610 sec *103 5 ppm = 63,000 ppm*sec) and {loading/unleading
30-pound machine 320 sec * 107 5 ppm = 34,400 ppm*sec) If exposure during
loading/unloading were reduced close to 0, then the operator’s total TWA
exposure for the day would be approximately 3 9 ppm

Figures 7 and 8 show exposures during machine maintenance It 1s important to
mwention that these exposures may have been higher than normal because the
boiler had been on for approximately 15 minutes before performing this
maintenance This enabled the machines and PERC residue to begin warming up
Normally, maintenance is performed on the machine before the boller has heated
up in the morning The still from the 46-pound machine is cleansd every
morning, but the 30-pound machine’s still is normally ounly cleaned on Saturday
mornings  Flpures 7 and 8 show that the highest exposures ccecurred during
cleaning the lint trap on the Fluormatic® The average exposures during all
of the maintenance on this nmachine was glightly over 38 ppm

Finally, the parment off-gassing experiment in Figures 9 and 10 showed that
during an average cycle, the 46-pound machine was more effective at recoavering
solvent from the garments  The total PERC off-.gassing from the test swatch in
the 30-pound machine was mearly twlee as great than the swatch in the 46-pound
machine  The average PERC concentration from the 30-pound machine was 15 ppm
and less than 6 ppm for the 46-pound machine

VENTILATION MEASUREMENTS

No ventilation was provided for the dry cleaning machines' doors at this shop
The 46-pound machine did have a small duct inside the top edge of the deorway
that drew a minimal amount of air This airflow was not exhausted outside of
the machine Rather, it was returned to the machine wia the button trap, so
that the net airflow through thilse duct was ¢ Three large propeller fans
located in the rear wall of the building provided dilution ventilation Nine
air velocicy messurements were taken approximately 6 inches in fromt of each
of the fans in the wall The fan behind the Fluormatic® machine provided
approximately 8,800 cfm, the center fan provided approximately 9,400 cfm, and
the fan near the laundry area was not operating

Smoke tubes indicated that the fan located behind the Fluormatic® machine
appeared to be effective at exhausting contaminated air that could be
priginating from the front or behind the machine  Smoke tubes used around the
46-pound machine indicated that the fans in the wall were ineffective at
removing any PERC oripginating from this machine Rather, PERC eoriginating
from this machine was able to diffuse throughout the building General
ventilation principles require that fans should be arranged to move
contaminated vapors away from the emplovees Figure 3 shows the airflow
currents near the machines
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OBSERVATIONS

The General Manager and the Production Supervisor aof this shop seemed to be
very concerned with environmental and health and safety i1ssues  Both have
recently studied for and taken the Internatiomal Fabricare Institute’s
Certificarion test They also conduct passive monitoring for PERC semi-
annually  Appearance Plus had & policy where the operator would be given
three days off without pay 1f the wmachines were overlpaded

No ligquid solvent leaks were detected in this shop during the visit  This can
probably be attributed to the fact that the equipment was relatively new

There were no open containers with solvent or seolvent contaminated items
observed Hazardous waste barrels were located between the dry cleaning
machines and the rear wall of the building

4 halogen leak detector was not avallable, however, visual checks for leakage
were paerformed on a weekly basis and logged General maintenance and
housekeeping appeared to be adequate Many shops like this one have a lack of
adequate space for the large amounts of equipment, clothing, and workers

Based upon a formula provided by the International Fabricare Institute, the
capacity rating for both of these machines is higher than recommended * IFI
determines load capacity by muleiplying cage volume in cubic feet by a load
factor in pounds per cubic feet The lpad factor is 3 5 to 4 pounds petr cubic
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feet for transfer equipment and 2 5 to 3 pounds per cublc feet for dry-to-dry
equipment Based on this formula, the 46-pound machine ghould have a load
capacity between 35 and 42 pounds, and the 30-pound machine should have a
capacity between 22 and 26 4 pounds instead of 30 pounds

PERSONAL PROTECTIVE EQUIPMENT

Perscnal protective equipment was used by the operator when performing machine
maintenance such as still cleaning, filter cleaning, or lint and butten trap
¢leaning Personal protective equipment consisted of gloves and a respiretor
The resplrator was a IM® Model B712 organic vapor respirator The gloves were
thick black Viton® gloves provided by Safety Kleen There was no personal
protective equipment training and no respirator fit testing The operator had
a mustache and heard which ccould interfere with a proper respirator fit
Personal protective equipment was not used while spotting clothing The owner
requires all new employees to sign a standard HAZCOM form, which explains the
hazards present, when they begin work

CONCLUSIONS AND RECOMMENDATIONS

Appearance Plus Cleaners had adequate controls teo maintain exposures well
below 25 ppm, which is the concemtration limit that OSHA encourages dry
cleaners to follow  NIOSH recommends controlling PERC to the lowest feasible
concentration  The highest TWA petrsonal exposures were for the dry cleaning
machine operator/spotter who was exposed to approximately 7 8 ppm TWA  The
other two workers who were sampled were exposed to less than 1 ppom THWHA

The primary source of exposure to the workers in this shop was the dry
cleaning machines  Real-time evaluation showed that loading and unloading of
the machines had the greatest lmpact upon exposures Therefore, if management
or machine manufacturers desired to reduce exposures even further, they should
first examine expogures during leading and unloading By examining the total
exposure during the day and total exposure due to loading and unloading, it
appears that the operators exposure could be reduced nearly 50 percent by
coentrol of leading and unloading

There are a number of different measures which could be taken to reduce
expostres during loeding and unloading One approach is to lmprove vapor
recovery There are four primary facrors which effect vapor recovery ™
machine maintenance, cooling coll efficlency, size of load, and length of dry
cycle Some of these factors eould possibly reduce exposures during loading
and unleading even further

Another approach which cculd significantly reduce exposures during loading and
unloading would be to add a simple, inexpensive, external local ventilation
systen using an exhaust fan, ductwork, and hood  The captured air could then
be ducted ocutside the building or to 2 vapor recovery unlt  Exposures during
unloading have been shown to be reduced from 1,000 ppm to 28 ppm using a fan
which operated at 990 ¢fm with a slotted hood design

Process 1lsclation can be examined from twe perspectives between shops and
with the main shop Appearance Plus Cleaners had two "dry stores"™ where no
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dry cleaning occurred Workers at the "dry stores" were isolated from
significant exposures to FERC  Process igolation was not used within the main
ghop and would be difficult to do because of limited floor space  If solvent
emissions became a significant preblem, process i1solatlion could help to reduce
the number of employees exposed Some facllitieg have used a wall or barrier
within the shop te separate the dry cleaning machine area from other areas of
the shop The majority of PERC emisslons originate from the machine

Isolating employees by elther time or space wlll reduce exposures to the
enmployee

Because the machines were relarively new, there were no visible lesks,
however, as machines age, leaks may develop and should be repalred promptly
Proper maintenance can be instrumental in reducing leakage  Leaks are more
easily seen 1f proper maintenance and housekeeping is performed within the
gshop Lint buildup is a real problem in wost dry cleaning shops If lint is
allowed to accumulate on the floor and in and around equipment, leaks are much
harder to locate Gaskets prone to detericration must be inspected and
replaced on a regular basir  Several devices can aid in leask detection

These include the following  the halide terch, photo-lonization detector, and
pocket dosimeters The passive exposure menitoring devices used every six
months in this shop will not aid in leak detectien but will alert management
when an exposure problem exists 12

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

Though not recommeudad by WLOSH because PERC 1s a potential cecupational
careinogen, the currently used respirators (half-masgk faceplece with organic
vapor cartridges), may be used for short-term exposures to low concentratioms
of PERC At & minimum, the cartridges must be changed prior to breakthrough
(approximately 130 minutes based on room concentrations)  Regular

cartridge changes are important because the odor threshold of PERC is 27 ppm
Because of this low odor threshold, a worker may not smell PERC until
significant breakthrough and exposure has occurred '

Where employees must wear resplrators, an appropriate resplratory protection
pregram in accordance with 29 CFR 1910 134 must be instituted This
regulation, shown in Appendix C, contains provisions for

O a written standard operacing procedure

¢ respirator selection based upon hazards

¢ instruction and training of the user concerning the proper use and
iimitations of resplrators

o regular cleaning, disinfection, and proper storage

medical review of the health and condition of the respirator user

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

a
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Gloves end goggles should be used to reduse exposure to hazardous chemicals
such as PERC Gloves provide limited dermal protection and should be made of
golvent resistant materials such as Viton® fluorocelastomer, polyvinyl alcohol,
or unsupported nitrile When deciding on & specific glove to use, factors
such as permeation, durabillity, dexterity, and coat should be considered
Viton® and polyvinyl alcchol have a PERC breskthrough time in excess of eight
hours ‘* A 1987 study showed that unsupported nitrile was impervious to PERC
after a two hour challenge pericd ¥ Some of the drawbacks assoclated with
these materials are that Viton® iz expensive, polyvinyl aleochol gignificantly
reduces dexteriry, and unsupported anltrile has a high permeatlon rate
Whenever swelling or softening of the gloves or seepage of FERC into the glove
is observed, the gloves should be replaced Gloves should also be regularly
checked for perforarions and cuts

Chemical splash gopgles should be worn to prevent eye injury when warkers are
using hazardous chemicals Accldental contaminatlon of the eye could resulc
in minor irritatlon or complete loss of vision Tse of chemicel splash
goggles 1s particularly important during still cleaning and spotting
Additionally, an unobstructed eyewash station should be in the vicinity of the
spotting area to provide prompt eye irrigation in the event it is needed If
chemical contamination of the eye does occur, prompt irrigation for at least
fifteen minutes can play a deciding rele In limlting the extent of damage

Contrels at this facility were capable of maintaining exposures below 25 ppm

TWA  Control methods discussed previously could aid in reducing exposures
even further
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APPENDIX A BACKGROUND

The National Institute for Occupational Safety and Health (NIDSH), located in
the Centers for Digease Contrpl and Prevention (CDC), under the Department of
Health and Buman Services (DHHS) (formerly the Department of Health,
Education, and Welfare), was established by the Occupational Safety and Health
Act of 1970 This legislation mandated NIOSH to conduct research and
educarion programs separate from the standard setting and enforcement
functions conducted by the Occupationsl Safety and Health Administration
{(03HA) in the Department of Labor An important area ¢of WIOSH research deals
with methods for controlling occuparional exposure to potential chemical and
physical hazards

The Engineering Control Technology Branch {ECTB) of the Division of Physical
Sciences and Engineering has been given the lead within NIOSH to study and
develop engineering controls and assess thelr impact on reducing cccupaticonal
illness  Since 1976, ECTB has conducted a large numbey of studies to evaluate
engineering control technology based upon industry, process, or control
technique The objective of each of these studies has beer to document and
evaluate control 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 engineering control
technology study was conducted in the dry ¢leaning industry ¥ Since that
study, significant changes involving equipment, processes, and work practices
have occurred within the industry HMany of these changes were initiated by
new epidemiologiec, toxicologic, and environmental data for the primary
solvent, perchlorcethylene (PERC) This industry currently has im excess of
30,000 &ommercial shops and approximately 244,000 employees in the United
States

Some studies have shown that in addition to the numercus adverse health
effects already known for PERC exposure, there 1o evidence of
carcinogenicity * PERC 1s a konown anlmal carcinogen,?’ but there is
inadequate evidence of human carcinogenicity ® In December 19%1, the
Environmental Protection 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 toxiec sir pollutant

The industry has responded with increased research into alternative solvents
and cleaning methods, s shift from transfer machines to c¢closed loop, dry-to-
dry machines, and innovations in vapor recovery egquipment and other devices to
reduce occupational exposures and environmental emiesions Many of the
exposure problems identified during studies in the late 19705 and early 1980s
st1ll exist because transfer eguipment is still being used, many controls
developed by industry are ¢ost prohlbitive, and some work practlces are
inadequate

Data from the 05HA Integrated Management Information System (IMIS), from 1984-

1988, indicaves 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 (IFI) vapor monitoring service using
passive monitoring badges 1s shown in Table 4

Teble 4%
IFI’a Pasglve Monitoring Reaults
Before L/L/B7 1/1/87 - 9/310/8% Afrer 1071789
TRANSFER 55 3 ppm 46 4 ppm 42 ppm
{AVC TWA PFM}
=25 ppm 76 2% 59 9% 56 8%
I¥100 ppm I 5 6% 70X
DRY-TO-DRY *r# 20 3 ppm 16 1 ppm 17 2 ppu
{(AVG TWA PFM) 16 9 ppm*
16 7 ppm++
I=25 264 A% 18 5% 18 6%«
PP 17 2%k+
1 6X 1 3+
=100 ppm ] &% are

* Denotes dry-to-dry refrigerated with emell vent to purge cylinder at end of dry cycle
** Denotes dry-to-dry refrigeratad with no wvent whateoever
#%% Danotes ztandard dry-to-dry with water-cooled condenser and vent at end of dry cycle

In 1988, the OSHA Director of Federal-State Operatlions conducted a natlonwide
query of the 05HA State Consultaticn Programs asking for high risk small
businesses in need of occupational safety and health research The dry
cleaning industry was the second most mentioned small business, falling behind
autobedy repalr shops * Preliminary information gathered by the NIOSH,
Division of Surveillance, Hazard Evaluations, and Field Studies has shown a
high incidence of back pain among laundry and dry cleaning workers ¥ This
information has not been gathered exelusively for dry cleaning, and,
additional research and analysls are needed

Based upon the preceding information, a preliminary hazard analysis (PHA) was
performaed for the dry cleaning industry Fer this PHA, a hazard was defined
as an actlvity or condition that poses a threat of losgs During this
analysis, the hazards listed below were identified

¢ inhalation of PERC vapors

¢ ergoncmic hazards

0  exposure to hazerdous chemieals used in the spotting process

o firefexplosion hazards

o] direct {dermal) exposure to FPERC

o thermal burns
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0 heat stress
¢ mechanical hazards
¢ electrical hazards
¢ slipsferips/falls
These hazards are listed from top to bottom in decreasing order of risk  The
degree of risk was based upon two factors
1) likelihood of occurrence
2) severity of consequence

Each risk ranking is of a qualitative nature
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APPENDIX B DRY CLEANING TECHNQLOGY

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

Because of the high exposures that occur during transfer, transfer machines
are no longer manufactured in the United States, however, used or
reconditioned ones c¢an £tll]l be purchased Seventy percent of machines today
are dry-to-dry machines using a one step process that eliminates clothing
transfer * Clothes enter and exit the machine dry PERC exposure from
dry=-to-dry machines is considerably less than exposure from transfer machines
Host federal and state regulations do not require the use of dry-to-dry
machines, however, a [ew states, such as California and New York, heve
introduced legislation to eliminate use of transfer machines  Worker
exposures below 25 ppm are much more difficulr to achieve using a tranafer
machine Most shops are moving or have moved to replace transfer machines
with dry-to-dry machines because of the trend toward stricter rapulations from
both state and federal 0SHA and the EPA

Among dry-to-dry machines, there sre two general types in use today vented
and ventless dry-to-dry machines  Vented dry-to-dry wachines vent tesidual
sclvent vapors directly to the atmosphere or through sovme form of vapor
recovery system during the seration process  Ventless dry-to-dry machines are
esgentially closed systems which are only open to the atmosphere when the
machine door iIs opened or closed  They recirculates heated drying alr through
a vapor recovery system and back to the drying drum There is no aerztion
step

Two primary technologles are used to recover PERC vapors  the carbon adsorber
and the refrigerated condenser Carbon adsorbers remove FERC molecules from
the air by passing solvent laden vapors over activated carbon, which has =
Ligh adsorption capacity The PERC ia then recovered in a condenser,
separated from the water, and returned to the storage tank Desorption
typically occurs daily, if not done regularly, the carbon bed will become
ineffective for carbon recovery Refrigerated condensers use a refrigerant to
cool the solvent laden alr below the dew point of the vapor to recover the
PERC

Tests have shown that several new technologies are more effective than a
carbon adsorber or refrigerated condenser alone  They are the Boews®
Conacrba® and Dow TVS® technology Both of these are a subset of ventless
gry-to-dry machines, which reduce occcupational exposure by lowering soclvent
residuals in the eylinder The Boewe® Consorba® has a refrigerated condenser
and carbon adsorber in series  Air passes through the refrigerated condenser
where solvent 1s extracted A drying sensor in the machine switches to a
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¢ool-down cyele  During this phase, the cooled air leavea the refrigerated
condenser and passes through the carbon adsorber

Dow’'s TV5% technology has eliminated the need for condensation equipment and
returns the vapors directly to the machine ¢ylinder A polymeric adscrbent
has been developed by Dow which has a high capacity for PERC, even at high
vapor concentrations The polymer is desorbed by hot air, thereby eliminating
any waste water stream whieh would result 1if steam were used This system can
be used as a primary controcl and ratrofitted to existing, vented, dry-to-dry
machineg, converting the machine to a closed-loop, no vent system This
gystem can alsc be used as a secondary control on closed-loop, refrigerated,
dry-to-dry machines to lower residuals in the cylinder

bry cleaners use filtration and distillation to recover and purlfy the
solvent Filtratiom iz used to remove insoluble soilz, nonvolatile residues,
and loose dyes from the solvent Filtration i1s usually a continuous process
in which the solvent paszses thrpugh either an adsorbent powder or filter
cartridge, bath of which must be replaced periondically Additionally,
powderless, spin-disc filters™ and a no filtration process® have been
developed that significantly reduce the generation of hazardous waste

Distillation, which 1s used by 90 percent of the industry, separates solubie
olls, fatty acids, and greases not removed by filtration ' Distillatien
occurs by heating PERC to its beiling point so that 1t vaporizes and later is
condensed back to liquid form During this process, nonvolatile impurities,
which cannot be boiled off, remain at the bottom of the still and are
discerded as hazardous waste Both filtration and distillation produce solid
wastes containing PERC residue
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APPENDIX €  POTERTIAL HAZARDS

Exposure to PERC 13 the primary health hazard for workers in dry cleaning
facilities today PERC ¢an enter the human body through both respiratory and
dermal exposure Symptoms associlated with respiratory exposure include
depression of the central nervous aystem, damage to the liver and kildoeys,
impaired memory, confusion, dizzlness, hesdache, drowsiness, and eye, nose,
and throat frritacion * Repeated dermal exposure may result in dry, scaly,
and fissured dermatitig *?

Over the past 15 years, studies conducted by the National Cancer Instivute
(1977) and the Natiomal Toxicology Program (1986) have established sz link
between PERC exposure and cancer in animals  QOther studies have shown an
elevated risk of urinary tract,’®*** esophageal,’”* and pancreatic

cancer” * among individuals who work in dry cleaning establishments Most

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

Spotting invelves the selective application of a wide variety of chemicals and
steam to remove speciflc stains  Some of the chemicals and chemical femilies
that are used on a fairly regular basis for apotting in addition to PERC are
as follews  other chlorinated solvents, amyl acecate, petroleum naphtha,
oxalic acid, acetic acid, esters, ethers, ketones, dilute hydrofluoric acid,
hydrogen peroxide, and aqueous ammonia  Individuals who perform the spotting
process can be exposed to toxic chemicals through skin or eye contact, or
through inhalation of vapora Use of dilute hydroflucric acid, which is found
in rust removal spotting agents, poses the greatest risk from acute dermal
exposure, however, many of the chemicals used can canse ocecupational
dermatoses from chronic exposure to the skin

Previous studies hawve showm that inhalation exposures are minimized due to the
limited quantlities of the chemicals used and the lntermittent nature and short
duration of the task ' During personal sampling by the Arthur D Little
Company at the International Fabricare Institute’s Analysis Laboratory,”

PERC expaosures during spotting were many times lower than 0SHA standards and
some chemicals being used were helow detection limits ** The primary hazard
posed by the majority of chemicals used in the spotting process is skin
damage, resulting from chroonle or acute exposure, or injury to the eyes,
however, chemicals that readily vaporize and have a high toxicity can pose a
tisk from inhalatien  Vapor pressure, toxiecity, venrilation, manner and
frequency of use, and air concentration ghould ell be considered when
assessing the risk from inhalation
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APPENDIX D

RESPIRATORY PROTECTION
(Code of Federal Regulations, 29 CFR 1910 134)

(a) Permiseible practice (1) In
the control of those aceupational
diseases caused by breathing air
contaninated with harmful dusts,
fogs, fumes, mists, gases, smokes,
sprays, or vapors, the primary
objective shall be to prevent
armospheric contamination  This
shall be accomplished as far as
feasible by accepted engineering
control measutres (for example,
enclosure cor confinement of the
operation, general and local
ventilation, and substitution of less
toxic materials) When effective
engineering controls are not
feasible, or while they are being
lnstituted, appropriate respirators
shall be used pursuant ta the
following requirements

(2) Respiretors shall be provided
by the employer when such equipment
is necessary 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 respensible for the establishment
and mainteénance of a respiratory
protective program which shall
include the requirements outlined in
paragraph (b} of this section

(3) The employee sghall use the
provided respiratory protection in
accordance with instrueticns and
training received

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

1910 134(h)4{2)

{2) Resplratora shall be selected
on the basls of hazarda to which the
worker is exposed

{3) The user shall be instructed
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and trained in the proper use of
respirators and their limitations

{4) [Reserved]

(5) Respirators shall be regularly
cleaned and disinfected Those used
by more than one worker shall be
thoroughly cleaned and disinfected
after each use

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

{7} Resplrators used routinely
shall be inspected during cleaning
Worn or deteriarated parts shall be
replaced Respirators for emergency
use such as self-contained dewices
shall be thoroughly inspected at
least once a wonth and after each
use

(8) Appropriate surveillance of
work area conditions and degree of
employee exposure or atress shall be
malntained

(9} There shall be regular
inspection and svaluatien to
determine the continued effectiveness
of the program

(10) Fersons should not be assigned
to tasks requiring use of respirators
unless it has been determined that
they are physically able to perfomm
the work and use the equipment The
local physician shall determine what
health and phyzical conditions are
pertinent The reaplrator user's
medical status should be reviewed
periodically (for instance,
annually)

1210 134(b)¢11)

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



established by competent authorities
The U 5§ Department of Interior,
Bureau of Mines, and the U §
Department of Apriculture are
recognized as such authorities
Although respirators listed by the
U 5 Department of Agriculture
continue to be acceptable for
protection against specifled
pesticides, the U 8 Department of
the Interior, Buresau of Mines, 1s the
agency now responsible for testing
and approving pesticide resplrators

(2) Selection of respiraters
Proper selection of respirators ehall
be made according to the guldance of
American National Standard Practices
for Respiratory Protection
ZBB 2-1969

{d) Air qualitcy {1) Compressed
air, compressed oxygen, liquid air,
and liquid oxypen used for
respiration shall be of high purity
Oxygen shall meet the requirements of
the United S5tates Pharmacopoeis for
medical or breathing oxygen
Breathing air ghall meet at least the
regquirements of the speciflcation for
Grade D breathing air as described in
Compressed Gas Association Commodity
Specification G-7 1-1966 Compresgsed
oxyzen shall not be ugsed in
supplied-air respirators or in open
circuit self-contained breathing
apparatus that have previously used
compressed alr Oxygen must never be
used with air line respirators

1910 134(d){2}

(2) Breathing zir may be supplied
to respirators from eylinders or air
COMPTesE0rs

{1} Cylinders shall be tested and
maintained as prescribed in the
Shipping Container Specification
Regulations of the Department of
Transportation (42 CFR Part 178)

(1i) The compressor for supplying
alr shall be equipped with necessary
safety and standby devices 4
breathing air-type compressor shall
be used Conmpressors ghall be
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constructed and situated so as to
avold entry of contaminated air into
the system and suitable Iln-line air
purifying sorbent beds and filters
installed to further assure breathing
alr quality A receiver of
sufficlent capacity to enable the
resplrator wearer to escape from a
contaminated atmosphere in event of
compressor fallure, and alarme to
indicate compressor faillure and
overheating shall be installed in the
system If an oil-lubricated
comprassor is used, it shall have a
high-temperature cor carbon monoxide
alarm, or bocth If only a
high-temperature alarm is used, the
air from the compressor shall be
frequently tested for carbon menoxlde
to Insure that it meets the
specifications in paragraph (d)(l) of
this section

(3) Adr line couplings shall be
incompatible with ocutlets for other
gdas systems to prevent lnadvertent
servicing of air line respirators
wlth nonrespirable gages or oxygen

1910 134{d) (&)

(4) Breathing gas containers shall
be marked in accordance with American
National Srtandard Method of Marking
Portable Compressed Gas Containers to
Identify the Materizl Contained,

248 1-1954, Federal Bpecification
BE-A-1034a, June 21, 1968, Alr,
Compressed for Breathing Purposes, or
Interim Pederal Specification
GG-B-00675h, April 27, 1965,
Breathing Apparatus, Self-Contained

{e) Use of resplrators
{1} Standard procedures shall be
developed for respirator use  Thege
ghould include all information and
guidance necessary for their proper
selection, use, and care Pogsible
emergency and routine uses of
respirators should be anticipated and
planned for

{2} The correct respirator shall be
specified for each job The
respirator type is usually specified



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

{(3) Written proceduregs shall be
prepared covering safe use of
respirators in dangerous atmospheres
that might be encountered in normal
operatiens or in emergencies
Personnel shall be familiar with
these procedures and the avallable
respirators

1910 134(e)(3) (1}

(1) In areas where the wearer, with
failure of the respirator, could be
overcome by a toxle or oxygen-
deficient atmosphere, at least one
addirional man shall be present
Communications {(visual, voice, or
signal line) sghall be maintained
between both or all individuals
present  Planning shell be such that
one individuel will be unaffected by
any likely incident and have the
proper rescue equipment to be able to
assist the other(s) in case of
emeTgency

(i1) When self-contained breathing
apparatus or hose masks with blowers
are uwsed in atmospheres immediately
dangerous to life or health, standby
men must be present with suitable
rescue equipment

{iii) Persons using air line
respirators in atmospheres
immediately hazardous to life or
health shall be equipped with asafety
harnesses and safety lines for
lifting or removing persons from
hazardous atmospheres or other and
equivalent provigions for the rescue
of perascns from hazardous atmospheres
shall be used A standby man or men
with suitable self-contained
breathing apparatus shall be at the
nearest fresh air base for emergency
rescue

(4) Respiratory protection is no
better than the resplrator in use,
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even though it 1s wern
conscientiously  Frequent random
ingpecrtions shall be conducted by a
qualified individual to assure that
respiratars are properly selected,
used, cleaned, and maintained

1910 134(e) ()

(5) For safe use of any respirator,
ir iz essential that the user he
properly instructed in its selection,
use, and maintenance Boath
supervisors and workers shall be so
inetructed by c¢ompetent persons
Training shall provide the men an
opportunity to handle the respirator,
have it fitved properly, test its
facepiece-to-face seal, wear it din
nermal zir for a long familiarity
period, and, finally, to wear it in a
test atmosphere

(i) Every respirator weater shall
receive fitting Instructicons
including demonstrations and practice
in how the resplrator should be wornm,
how to adjust it, and how to
determine if it fits praperly
Bespirators 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 facepiece, or
temple pleces on glasses  Also, the
absence of one or both dentures can
serioualy affect the fit of a
facepiece The worker’s diligence in
observing thegse factors shall be
evaluated by periodic check To
assure proper protection, the
faceplece fit shall be checked by the
wearer each time he puts on the
resplrator This may be done by
following the manufacturer’s
facepiece fitting instructions

(i1) Providing respiratory
protactien for individuals wearing
corrective glasses 1s a serious
problem A proper asal cannot be
established if the temple bars of eye
glasses extend through rhe sealing
edge of the full faceplece A=z a
temporary meRsure, glasses with ghort



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 inside
full facepieces When a workman must
wear correetive lenses as part of the
facepiece, the facepiece and lenses
shall be fitted by qualified
individuals to provide good wvision,
comfort, and 2 gas-tight seal

1910 134(e){5)(1iii)

(111} If corrective spectacles
goggles mre required, they shall
worn so as not to affect the fit
the facepiece  Proper selection
equipment will minimize eor aveid
problem

(f) Maintepnance and care of
respirators {1) A program for
maintenance and care of respiratars
shall be adjusted to the type of
plant, working conditions, and
hazards invelved, and shall include
the following basic services

(1} Imspection for defects
(including a leask check),

(11} Cleaning and disinfecting,

{111) Repatir,

{1v) Storage
Equipment shall be properly
maintained to retain 1its original
effectiveness

(2) (i) All respiraters shall be
inspected voutinely before and after
each use A respirator that iz not
routinely used but is kept ready for
emergency use shall be inspected
after each use and at leagt monthly
to assure that it 15 in satisfactory
working condition

(i1) Self-contained breathing
apparatus shall be inspected monthly
Air and oxygen cylindere shall be
fully charged according to the
manufacturer’s instructions
shall be determined that the
regulator end warning devices
function properly

or
be
of
of
this

It
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1910.134(£) (2 (111)

¢{1i1) Respiratcr inspection shall
inelude a check of the tightness of
connections and the condition pf the
facepiece, headbands, valves,
connecting tube, and canlsters
Rubber or elastomer parts shall be
Inspected for pliability and signs of
deterioration Stretching and
manipulating rubber or elastomer
partz with a massaging action will
keep them pliable and flexible and
prevent them from taking a set duting
Btorage

{iv) A record shall be kept of
inspection dates and findings for
respirators maintained for emergency
use.

(3) Routinely used respirators
ghall be collected, cleaned, and
disinfected as freguently as
necessary to insure that proper
protectieon is provided for the
weaTer Respirators maintained for
emergency use shall be c¢leaned and
diginfected after each use

{4) Replacement or repairs shall be
done only by experienced persons with
parts designed for the respilrator
No attempt shall be made to replace
components or te make adjustment or
repairs beyond the manufacturer’s
recommendaticons  Reducing or
admission valves or regulators shall
be returned to the manufacturer or to
a trained techniclan for adjustment
or repair

1810 134(£)(5)

(5) {1) After inspection, cleaning,
and neceseary repair, respirators
ghall be stored to protect against
dust, sunlight, heat, extreme cold,
excesglve moigture, or damaging
chemicals  Respiratora placed at
stations and work areas for emergency
uge should be quickly accessible at
all times and should be stored in
compartments built for the purpose
The compartments should be clearly
marked Routinely used respirators,
such as dust respirators, may be



placed in plastic bags Respiratoers
should not be stored in such places
a3 lockers or teool boxes unless they
are in carrying cases or cartons

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

(11i) Instructions for preoper
storage of emergency respirators,
puch as gas mesks and self-contained
breathing apparatus, are found in
"uze and care" instructions usually
mounted inside the carrying case 1id

{g) Idenctification of gas mask
canlsters {1} The primary means of
identifying a gas mask canister shall
be by means of properly worded
labels  The secondary means of
identifying a gas wmask canister shall
be by a color code

1918 134(g) (2)

{2} All who issue or use gas masks
falling within the scope of this
section shall see that all gas mask
canisters purchased or used by them
are properly labeled and colored in
accordance with these requirements
before they atre placed in service and
that the labels and colors are
properly maintained at all times
thereafter until the canisters have
completely served their purpose

(3) On each canister shall appear
in beld letters the following

(1) - Canister
for

{(Name for atmospheric contaminant)
or
Type N Gas Mask Canister

{£i) In addition, essentially the
following wording shall appear
beneath the appropriate phrase on the
canister label "For respiratory
protection in atmospheres contalning
rot more than percent by
volume of "

32

Name of atmospheric contaminant}

1910 134(g)(4)

{4y Canisters having a special
high-efficlency filter for protection
agalnst radionuclides znd other
highly toxic partlculates shall be
labeled with a statement of the type
and degree of protection afforded by
the filter The label shall be
affized to the neck end of, or to the
gray stripe which is around and near
the top of, the canister The degree
of protection shall be marked as the
percent of penetration of the
canister by a 0 J-micron-diameter
dioctyl phthalate (DOP) smoke at a
flow rate of 85 liters per minute

{5) Each canister shall have a
laebel warning that gas masks should
be used only in atmospheres
containing sufficient oxygen to
support life {(at least 16 percent by
volume), since gas mask canlsters are
only desipned to neutralize or remove
contaminants from the air

(6) Each gas mask canister shall be
palnted a distinctive color or
combinatieon of celors indicated in
Table I-1  All celors used shall be
such that they are clearly
identifiable by the user and clearly
distinguishable from one another
The ceolor coatlng used shall offer a
high degree of resistance to
chipping, scaling, peeling,
blistering, fading, and the effects
of the ordinary atmospheres to which
they may be exposed under normal
conditions of storage and use
Appropriately colored pregsure
sensitive tape may be used for the
stripes



TARBLE I-1

Atmospheric contaminants
to be protected against

Colors assighed(l)

White

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

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

Black

Green

Green with 1f2-inch white stripe
completely around the canister
near the bottom

Blue

Yellow

Yellow with 1/2.inch blue sctripe
completely atround the canlster
near the bottom

Acld gases
Hydrocyanic acid gas

Chlorine gas

Organic wvapors
Ammonia gas
Acid gases and ammonia pases

Carbon Monoxide

Acld gases and organic vapars
Hydrocyaniec acld gas and chleorepierin
vapor

Acid gases, arganic vapars, and ammonia
gases

Radioactive materials, excepting
tritium and noble gases

Particulates (dusts, fumes, mistse,
fogzs, or smokes) in combinaticn with
any of the above gases or vapors

Brown

Purple {Magenta)

Canister color for contaminant, as
deslgnated above, with i/Z-1nch
gray stripe completely around the
canister near the top

Red with 1f2Z~inch gray stripe
completely around the canister nearv
the top

All of the above atmospheric
contaminants

Footnote{l) Gray shall not be assigned as a main color for a canister
designed to remove acids or vapors

NOTE Orange shall be used as i 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

(Apptoved by the Office of Management ard Budget under comtrol number

1218-009%) [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)
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APPENDIX E  RAW AIR SAMPLING AND REAL-TIME DATA
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APPEARANCE PLUS CLEANERS AIR SAMPELING DATA
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SAMPLE SAMPLE SAMPLE FLOW PEAC PEAC PERC PERG
DATE DAY NUMBER TYPE LOCATION TIME RATE VOLUME DET  MASS CONC  CONGC
{min)  (LPM) (ners) UMIT  {mg)  (mg/m3)  (ppm)
03/30/54 MAR 3¢  B58D0 PERSONAL PRESSER 130 00 01 180 0DO1 003 24 034
03/30/94 MAR_30 75300 PERSONAL OPERATOR 125 00 01 126 0O 0'50 400 590
03/30/54 MAR_30 68900 AREA ABOVE BOWE 12500 01 125 oo 087 286 497
03/30/94 MAR_80  §0200 PERSONAL INSPECTOR 12500 o1 125 o0 08 24 LT
03/30/94 MAH 30  B5800 AREA BEHIND BOW 131 DO o1 181 ool LY 08 11
03/30/8¢ MAR_3%0 50300 AREA ABDVE FL 120 00 o1 120 oo oe9 575 848
03/30/94 MAR_30  6B7 00 AREA AECEFTION 115 00 01 16 oo 002 17 026
03130724 MAR_30 BOt 00 AREA PRES3ING "n7H 01 17T oo 002 17 e25
03fagfa4 MAR_20 0400 AREA STORAGE 126 0D 01 126 oo ool 24 035
03/30f94 MAR 30 60500 AREA BEHIND FL 110 00 01 110 oo 037 838 496
03/30/64 MAR_30 52500 PERSONAL PRESSER 11000 o1 110 oo 003 39 045
03/30/04 MAR_80 60800 PEASONAL OPERATOR 109 00 01 109 0o D 87 798 "
03/30/94 MAR_ 20 60600 AREA ABOVE BOW 10900 o1 109 001 0 55 EOS 744
03/30/e4 MAR_30 74000 PERSONAL INSPECTOR 11800 01 118 o0 005 sp oS
04/30/54 MAR_30 50600 AREA BEHIND BOW 108 00 01 108 ool ool 0p 014
03/30/24 MAR_30 551 00 AREA ABOVE FL 114 00 o1 114 00 0 59 518 769
03/30/24 MAR_30  §9000 AREA RECEPTION ot to Qo 000 ERR EAA
03/30/94 MAR_30 55400 AREA PRESSING 109 00 D 102 oo D 04 34 050
D3/30/94 MAR 30 66000 AREA OUTSIDE 108 00 01 108 001 002 1D 027
03/30724 MAR_30 £98 00 AREA NEARDODR 10500 o1 105 o001 LT 000
D3/30/94 MAR_30  BOO OO AREA STORAGE 111 00 0i 111 o001 006 56 082
O30/94 MAR_30 70500 AREA BENIND FL 11900 o1 119 a0l 021 176 260
03/30/94 MAR_30 70800 PERSONAL PRESSER 126 00 o1 126 009 008 66 o97
03/30/04 MAR_30 54800 PERSONAL OPERATOR 130 00 01 130 001 o7 548 BOS
D3/20/54 MAR_20  €2500 AREA ABOVE BOW 13100 o 131 o001 120 Il 1551
03/30/94 MAR_30  EDS00 PERSONAL INSPECTOR 12400 01 124 001 D04 29 043
0313094 MAR_30 504 00 AREA BEHIND BOW 124 00 01 124 o001 o 03 24 036
D3/30/94 MAR_30 55300 AREA ABOVE FL 126 00 01 128 oo 0 87 52 3 772
03/30/04 MAR_30 72600 AREA RECEPTION 181 00 a1 191 001 006 44 065
03/30/04 MAR_30 98200 AREA PRESSING 191 00 o1 131 001 018 8o 145
03/30/94 MAR_30 78100 AREA CUTSIDE 129 00 o1 129 001 03 23 034
03/30/94 MAR 30 65000 AREA ETORAGE 129 00 o1 129 001 0os5 36 D 54
03/30/94 MAR_30  S5500 AREA BEHIND FL 64 00 o1 84 qoi 10 150 221
03/30/83 MAR 30 53100 PERSOMAL OPERATOR &1 oa o1 &1 001 o 180 266
03/30/94 MAR 30  T4B 0D AREA ABOVE BOW 54 00 01 54 001 009 169 248
03/30/94 MAR_30 52500 AREA BEMIND BOW 6000 D1 E0 OO oo 17 D25
03/30/94 MAR_30 77100 AREA ABOVE FL 57 00 01 57 ool 040 04 006
03/31/94 MAR_31 81200 PERSONAL QFERATOR 11900 01 119 o¢ 0 48 403 505
DA/31/94 MAR_31 64100 PERSONAL INSPECTOR 11800 0 118 ooi o 08 47 058
03/31/94 MAR_31 764 00 AREA ABOVE FL 11400 01 114 gof 043 577 556
D3/35/94 MAR_31 568 00 AREA ASOVEBOW 11300 01 113 001 018 159 235
03/31/94 MAR_31 S1B00 AREA BEHIND FL. 111 00 01 1M1 00 017 153 226
03/21/94 MAR_31 664 D0 AREA BEHIND BOW 10800 01 108 o0 b o2 £ oz7
02/31/94 MAR_31 564 OO PERSOMNAL PRESSER 108 00 01 108 ool 00z 159 027
03/31/94 MAR_51 899 00 AREA OUTBIDE 106 00 01 106 001 003 28 042
03/31/94 MAR 31 590 00 AREA PRESSING 102 00 a1 12 oo 0 o1 0 D14
03/31/94 MAR_31 76500 AREA RECEPTION 10200 a1 102 001 ool 10 014
03/31/64 MAR_31 597 D0 PERSONAL OFERATOR 116 00 o1 116 0O 0 61 B2E 775
03/31/94 MAR_31 586 D0 PERSOMAL INSPECTOR 12000 a1 120 oo 0 06 49 073
03/31/94 MAR_3t 758 00 AREA ABOVE FL. 122 00 91 122 oo 06 ' 818
©3/31/94 MAR_31 71700 AREA ABCVE BOW 12300 01 123 001 025 203 200
05/31/94 MAR_ 31 563 0D AREA BEHIND FL 122 00 01 22 oo 014 15 169
03/31/94 MAR_31 77600 AREA BEHIND BOW 12200 o1 122 001 003 26 035
03/31/94 MAR_34 76800 PERSONAL PRESSER 122 00 01 122 00 006 ae 0T
03/51/94 MAR_B1 51400 AREA OUTSIDE 124 00 o1 124 001 004 21 045
03/31/94 MAR_31 B77 0D AREA H20 BY DOOR 12300 01 123 001 001 o8 D1z
03/31/94 MAR_91 51100 AREA PRESSING 12400 01 124 DO o 04 3D 044
D3/31/94 MAR_31 76300 AREA RECEPTION 12530 01 125 DO 007 59 o87
D3/31/94 MAR_31 507 00 AREA OFF GAS OUT  a10¢o ot B1 DO1 500 6173 91 03
03/31/94 MAR_31 5TE 00 PERSONAL OPERATOR 120 00 a1 120 001 0 45 -l 553
03/31/94 MAR_31 75000 PERSONAL INSPECTOR 11500 ol 118 001 005 44 065
03/31/94 MAR_31 74500 AREA ABOVE FL. 117 00 ot 117 oD 0 a7 316 486
03/31/94 MAR_31 55900 AMEA ABOVE BOW 11700 ot 17 ool o2 188 277
03/31/94 MAR_31 73200 AREA BEHIND FL 120 00 01 120 00 011 g2 185
08/91/04 MAA_31 527 00 AREA BEHIND BOW 11900 ot 119 0O 0 D4 21 0 46
03/35/94 MAF_31 58100 PERSONAL PRESSER 120 00 o1 126 oo LY 78 116
08/31/94 MAR_31 58500 AREA OUTSIDE 128 00 o1 123 001 002 16 024



APPEARANGE PLUS CLEANERS AIR SAMPLING DATA

SAMPLE SAMFLE SAMPLE FRLOW PERC PERG PEAC PERC
DATE DAY NUMBER TYPE LOCATION TIME RATE YOLUME DET MASS CONG  CONC
{min) (LPM) Qiters) UMIT  (mg} (mg/m3) (ppm)

03/31/94 MAR_3i 508 00 AREA Hza BY DOOR 123 00 0t 123 oM o 08 012
O¥/3t/94 MAR_S1 504 00 AREA FRESSING 117 00 a1 117 o0 014 20 178
03/31/94 MAR_34 €94 00 AREA RECEPTION 118 O o1 118 OO 205 453 LT
04/31/89 MAR_31 637 00 PERSONAL OPERATOR &5 00 o1 66 001 ] 104 6 15 42
D2/31/94 MAR_31 505 D0 PERSONAL INSPECTOR LY 01 a5 o0 001 -4 o 42
03/31/94 MAR_31 51700 AREA ABOVE BOW 5300 o1 63 004 D18 340 501
03/31/94 MAR_3! €65 00 AREA BEHIND FL 510D o1 51 001 004 71 104
D3/31794 MAR_31 61200 AREA BEHIND BOW 51 00 o1 51 001 003 50 b 87
08/31/84 MAR_31 557 0¢ PERSONAL PRESSER 5500 o1 55 001 noz2 S6 0654
03/21/94 MAR_31 E7000 AREA PRESBING 164 GO Q1 16 001 008 18 026
D3/31/84 MAR_31 72500 AREA OFF GAS OUT 48 00 a1 48 GDi B50 13696 201 97
03121104 MAR_ 31 73300 AREA Qc 11000 o1 01 oot 022 22000 324 43
03/31/5¢ MAR_31 734 00 AREA Qac 11500 o1 01 Dol 21 2000 803 64
03/31/84 MAR_31 57000 AREA ac 121 00 o1 o1 Bo 016 16000 235 95
03/31/94 MAR_S31 591 00 AREA ac 112 00 o1 g1 001 041 410G D 604 51
03/21/94 MAR_81 63500 AREA ac 105 00 o1 o1 o001 041 £100 0 604 B1
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Open Bowe
Unlcad Bow
Load Bowe
Close Door
Hang Cloth
Open Fluor
Unload Flu
Load Fluor
Close Fluo
Hang Cloth
Other

0.0000Q
105.052
102.060
50.756%
5.24532
0.00000
110.271
105,453
137.792
5.00&666
12.5637

0.00000
117.400
125.356
44 .5086
3.14262
0.40000
117.646
113.163
137.7%z2
3.34170
6.44166

C.0D0GO
143.224
146,153
44 5086
2.44584
C.00000
147.646
147.703
137.792
2.92032
¢.00000

0.00000
0.00000
§2.8183
48.2442
0.00000
0.Q0000
0,Q0000
97.5403
137.792
4,02027
0.0000D

MR E E o m o e e e — vt e o G o e M M M M o e o W M de e e o e o e m M A mE mr M M M M e M Em e M Em em M e e e e e e m e o e W

Standard
deviation

Standard
error
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Cpen Bowe
Unload Bow
Load Bowe
Cloze Door
Hang Cloth
Open Fluor
Unlieoad Flu
Load Fluor
Close Fluo
Hang Cloth
Othaer

0.00000
1464.99
2504.76
381.265
51.1161
0.0200800
2994 .32
1502.83
0.00000
13.39E8
393.28B6

0.00000Q
38.2752
50.0476
19,5261
7.14955
0.00000
£63.2006
38.7664
0.00000
3.66003
15.8314

g.a0a0aq
6.29241
10.2159
B.7323%
0.30597
Q0.00000
15.3284
10.00%4
0.00000
0.37953
2.32110

€.006000
0.00Q000
21.1736
32.7487
0.00000
€.00000
0.00000
45.5751
137.792
1.02384
-0.00023

0.00000
147.746
146.1523
B4.1397
89,3443
0.00000C
147.675
147.703
137.792
20.0829
B7.9649
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Upper Intergquartile

quartile

range
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Open Bowe
Unlcad Bow
Load Bowe
Close Door
Hang Cloth
Open Fluor
Inlead Flu
Lead Fluor
Cioge Fluo
Hang Cloth
Other

0.00000
147.746
124.980
51.3%11
89,3443
0.00000
147.875
102.128
¢.00000
19,0650
87.9652

0.060000
79.8737
€5.4547
44,5086
1.22292
0.00000
97.0373
78.6723
137,792
2.81l556
0.00812

0.000090
135.386Q
146,153
47.8787
6.15726
0.00000
i47.646
147.177
137.792
6.07194
10.1815

e.0e000
£E5.4864
BO.6985
3.37014
4.93434
0.00000
S0.6090
€8.4577
€.00000
3.25638
10.1734

0.00000
-1.0299%
-0.75250

1.72666

4.45631

0.00000
=1,26151
-0.34824

0.000Q00

1.63798

2.31238

- === = - m o R o A A o omom W E oo e o= o= - - - - = - - ——= -
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09/14/94 02:43:37 PM Page 2
Standardized Kurtosig Standardized Coefficient Sum
Leveal agkewness kurtosis of variaticn
Open Bowe G.000Q0 0.00000 0.000040 0.00Qc0
Unload Bow -2.557775 0.84234 0.67339 36.4347 3886.91
Load Bowe -1.50500 -1.05238 =1,.05238 49.0372 2449 ,45%
Close Door 1.57622 3.61040 1.64791 18.4699 253,784
Hang Cloth 42 5105 37.6829 179.784 136.303 2B83.55
Open PFluor 0.00000 0.00000 J.00004 0.00000
Unload Flu -2.12344 -0.35145 -0,29579 BE7.3139 1874.61
Load Fluor ~0.55061 ~1.28702 -1.01748 16.7619 1581.79
Cleose Fluo Q.008000 0.00000 0.00000 0.00000 137,792
Hang Cloth £.44875 2.74143 5.39651 73.1032 455.620Q0
Qther 8.0&575 5.06927 8.84099 157.847 917,150
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Sample
size

Average

Page 1

Geometric
mean
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Cpen door
Unload Bo
Load Ba
Close door
Hang Cloth
Other

0.00000
88.8640
98.2780
118.158
9.79172
31.6362

0.00G00
$7.8338
147.063
131.734
7.63614
26,2359

0.00000
Q.QgpoQp
147.063
147.063
0.58302
26.2359

111.819
0.00000
0.00000

Standard
deviation

Standard
error

ST o M R M R M W B e M Mmoo mm e B M e M Ae e o T e e ot M M e e e M e e T B o M TR b mm m WO M e A B B B e W M e e M o e o

Open door
Unload Bo
Load Bo
Close door
Hang Cloth
Other

0.00000
2770.12
4350.88
1605.58
113.08E
355,155

0.000900
$2.6318
€5.9612
40.0697
10.6342
18,8455

0.00000
11.2212
16.4903
20.03438
D.71695
4.57072

Q0.00000C
0.400Q00
7.76412
62.0987
~0.81054
0.00000

0.00000
147.675
147,063
147,083
57.4346
75.3660

o e m W o am e M ke e e M B mm o mm B e mm mb dm e e e Ae m mm e e T Em mm M R T M e M M mm M e M mm M e e Em mm e M R M T M Mm e M e M M e e e mm e

Intergquartile

range
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