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EXECUTIVE SUMMARY

A study was conducted at A-One Cleaners in Cineinnati, Ohie, to evaluate
control of worker exposure to perchloroethylene (PERC} and mineral spirits and
to provide recommendations to reduce exposures This study was also conducted
to evaluate control of fire hazards Dry cleaning in this ghop was performed
using two dty-to-dry machines and a transfer unit  Both dry-to-dry machines
cleaned in PERC and had refrigevated condensers es their primary vapar
recovery devices The secondary vapor recovery devices consisted of amall,
centrifugal fans that were ducted to carbon canlsters When a dry-to-dry,
machine door was opened, a micro switch energized the fan to draw PERC laden
air from the cylinder through the activated carbon The transfer unlt used
mineral spirits and consisted of a washer and reclajimer The reclaimer was
equipped with & refrigerated condenger to Tecover sclvent vapors and did not
have a secondary vapor recavery device

There were fifty-six employees at this shop Four workers, who worked in the
dry cleaning room, were sampled the machine operator, dry cleaning manager,
spotter, and a laundry worker Time-weighted average (TWA) personal samples
for the machine cperator ranged between 10 75 ppm and 20 62 ppm for PERC and
11 1 ppm and 32 86 ppm for mineral spirits The next highest exposures
generally oceurred to the spotter whose workstation was in proximity to the
trangfer machines The highest geometric mean area concentration was 87 ppm
for PERC above the BQ-pound dry-to-dry wmachine and 91 3 ppm for mineral
spirits above the door @f the reclaimer  Both measurements were taken on the
third day of the survey

Video recording and real-time monitoring were used to study machine emissions,
and how emissions relate te worker exposure to PERC  Video recording and
real-time monitoring was performed durlng unleading and loading the machine
and during machine maintenance  The most significant sourc¢e of machine
emissions and ultimately exposure to the opermtor occurred during loading and
unlcading the machines This was primarily due to the frequency of the
activity During all of the activities monitored with real-time instruments,
operator instantaneous exposutre to PERC was significantly higher than
instantanecus exposure to mineral spirits This was because the vapor
pressure of PERC is approximately seven times greater than the vapor pressure
of mineral spirits The mineral spirits were at approximately room
temperature during transfer, but PERC was heated and in the vapor state during
mwnloading Although instantansous exposures to PERC were higher than to
mineral spirits, the TWA exposures were ralatively similar There were
several reasons for this, which are discussed in the text, including
differences in time required to unload/load, air currents within the room, and
the presence of multiple emlssion points for mineral spirits

Controla at A-One Cleaners maintained full-ghift TWA exposures to PERC and
minerzl spirits below the OSHA permissible exposure limits (PEL}  However,
full-shift TWA PERC exposures exceeded 25 ppm on two daye  Twenty-five ppm is
the exposure limit that OSHA encourages dry cleaners to remain beneath  NIOSH
recomends controlling PERC to the lowest feasible concentration  Several
reasures which could be taken to reduce exposures further, such as
moedifieationa te the secondary vapor recovery device, use of local exhaust
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ventilation, or improvements to general ventilation Personal protective
equipment, such ms a respirator and solvent resistant gloves, should be used

dutring machine maintenance A respiratoty protection program should also be
established

This shop regularly passed all of its fire inspections because it was not
required to comply with eurrent codes  Nevertheless, & number of mesasurea
could reduce the risk of injury and preoperty damage due to fire  Evaluation
of fire protection found that a smoking pelicy needed to he established, and
"NO SMOKIRG" signs should be posted Problems with the fire partition
surreunding the dry cleaning room should be addressed The current method of
transporting mineral splrits from the reclaimer to the washer should be
eliminated and replaced with a pump and ditect piping Areas where mineral
spirits were able to evaporate directly to the work atmosphere should be
eliminated An approved wet-pipe, automatic sprinkler system should be
installed Proper egress from the basement and dry cleaning room needs
further investigation
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INTRODUCTION

The Engineering Control and Techmology Branch (ECTB}, Division of Physical
Sciences and Engineering (DPSE}, National Institute for Occupational Safety
and Health (NIOSH), bas undertaken a study of the dry-cleaning industry to
update a 1980 NIOSH engineering control study of the industry' and provide
dry-cleaners with recommendations for practical control measures based on
current technology (see Appendix A) The focus of this study ia to evaluate
controls for exposure to perchloroethylene (PERC), however, controls for
ergonomic hazards and exposures to chemicals used in the spotting process will
be evaluated on a more limited basis

During the initial phase of the study, literature was reviewed to determine
areas in need of research Walk-through surveys were conducted to gain
familiarity wicth the Industry and determine sireg for future in-depth studies
In-depth studies lasting several days are now being performed during which
quantitative data is collected TPersonal and area samples are obtained, snd
real-time monicoring is conducted Detalled veports are beilng written to
document all findings  These in-depth reports will be used to prepare a
technicel report and journal articles that summarize the findings concerning
effective controls for occupational health hazards in the dry cleaning
industry

This report describes anm in-depth study conducted at A-One Gleaners located in
Cincipnatl, Dhic The primary purpose of this survey was to evaluate control
of worker exposure to PERC and mineral spirits and to evaluate control of fire
hazards for a dry-cleaner using mineral splrits FRecommendations and
conclusions are provided

PLANT ARD PROCESS DESCRIFTION
PLANT DESCEIPTION

A-One Cleaners has been in operation since the early 1950z As A-One
Cleaners' business grew, it needed additional space to operace  Because of
this expansion, A-One’s owner purchased adjacent property  The majority of
the current shop had previously been a supermarket  Other portions of the
ghop had been a restaurant and jewelry store A-Une Cleaners is currently
renovating The building had one main floor and a partial basement

Exterier walls of the building were constructed of conctere block Large
windaws were located acress the front of the building A parapet fire wall
bordered the north and south sides of the southern half of the building
Interior walls were congtructed of a wariety of materials Most Interioer
walls consieted of wood stud construction with plaster facing, however, some
had a wallboard facing Floors were conatructed of various materials Most
of the building was btuilt on a concrete slab, and the floors were covered with
a ceramlc tile The rear portion of the building, which was builtc over the
partial basement, had wooden floors The roof frame was supported by steel
joista The roof consisted of & steel deck, asphalt, and gravel



The shop layout is shown in Figures 1 and 2  The dry cleaning shop was
divided into a southern-half and northerm-half The scuthern-half consisted
of clothing storage, dry cleaning presses, the break room, and tagging area
The southern-half of the building was separated on the north and soutk side by
a parapet fire wall There was a physical separation of approximately three
feet between the dry clean pressing room and the area of the shop under
consrTucticn  The nerthern-half of the butlding contained the dry cleaning
room, shirt laundry, shirt pressing area, alternatlens, offices, and an area
being remodeled

The front of the store faced the road and had one set of double doors to pick-
up and drop-off clething The room next to the customer entrance was used for
pressing dry-cleaned clothing There were approximately tenm pressing stations
in this room A wotorized couveyar transported pressed clothing between the
dry clean pressing areas and the customer counter  The rear portion of the
gsouthern-half of the building wa® primarily used for clothimg storage and
tagging Pressed clothing was hung on clothing racks in varicug areas
throughout the building The largest clothing storage area appeared to be on
racks behind the c¢ustomer counter

The primary path of travel from the southern-half of the shop to the northern-
half of the ghop was through the dry cleaning room The dry cleaning room was
bordered on two sides by a fire partition Because scme of the dry cleaning
was performed using wineral spirits, this room waz considered a high hazard
area Mineral spirite is a Class II, combustible liquid with a flashpeint of
120 deprees Fahrenmheit One large propeller fan, providing general
ventilation, was located in the rear wall of the dry cleaning room and
exhausted ocutside of the building

The twe doorways between the dry cleaning room and other areas of the shop had
tolling fire doorg with a 3-hour fire resistance rating There was one exit
from the dry cleaning room leading out cf the building and a garage door which
was used for deliveries A side swinging, hinged door was located next to the
80-pound machine filters, however, it was blocked by the filter housing and
unavailable for use This door had a l-hour fire resistance rating

Adjacent to the dry cleaning room was a small room which contained a chiller
and the main electrical contrcl panel fer the building One room near the
front of the store was being remodeled The owner’s office and clerical staff
were located near the northern end of the bullding Several restrooms were
located throughout the building Exterlor deors were located in the rear and
side of the shop for employees, maintenance, and dellveries

Access to the basement could be grined via an open stairwell near the clething
storage area in the rear of the shop The basement was divided into two

rooms One rpom was used for storage of clothing and spare parts, and the
other room was used for the bollers, a large vacuum, and an air compressor

The gas-fired boillers provided heat for the presses, the dry cleaning
machines, and to heat the building The basement, which was located below the
clothing storage area in the rear of the shop had & single garage deoor
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PFROCESS DESCRIPTIQHN

Two different dry cleaning solvents were used in this shop PERC and mineral
spirits PERC is a chlorinated hydrocarben, and mineral spirits is a
petroleum solvent Some of the most imporrant characteristica of these two
solvents, with respect to dry cleaning, are that PERC iz nonflammable, toxic
{permiseible exposure limit {5 100 ppm TWA), and an agpressive cleaning agent
that readily removes oil and grease stains {(Rauri~-Butancl Value 1is 90) In
contrast, mineral splrits ia flammable (flashpoint is 120 degrees Fahrenheit),
less toxic (permisgible exposure limit is 500 ppm TWA), and a less aggressgive
¢leaning agent (Kauri-Butansl Value ranges from 27-45)

At A-One Clesners, dry cleaning was done using rwo PERC, dry-to-dry machineg
and a transfer unit consisting of a separate washer and dryer that used
mineral spirits (Machine technical specifications are shown in Table 1) The
dry-to-dry machines performed washing, extracting, and drying all in the same
machine The dry-to-duy machines were Union® Models LEO and L1l6, which had a
capaclty of 80 pounds and 70 pounds, respectively The trangfer machines
performed washing and exttracting in the washer and then required the operator
to manually transfer the clothing to the Treclaimer for drying  The washer was
a Marvel® Model "Fourteen~0", and the reclaimer was a Hoyt® Petromiser with a
62-pound capacity Because of the age of the washer, there was no
documentaticn available at the shop or through the manufacturer Therefore,
few technical specifications for the washer could be determined

Table 1
Machine Technical Specifications
Hoyoe Marvel® Union® Union®
Petromiser  14=-"0" L80 L1116
Load &2 lbs Specs 80 lbs 70 1bsa
Capacicy net
availehle
Cage Volume 18 ecubic 22 6 cubic )7 cubic
feet feor feer
Cleaning 39 rpm 28 rpm 28 rpm
Spead
Extraction NA 328 rpa 326 rpm
Speed
Tank NA Tanls 1,2,3 Tanks 1,2,3
Capacitiesn 61, &1, 72 1, 61, 72
gallons gallons




Ccarments arrived at the customer counter and were transported to the tagging
area where they were examined and tagged for identification They were also
inspected and sorted asccording to welght, color, and finish At A-Cne
Cleaners, typically, silks, sweaters, and red items were cleaned in mineral
spirits  Light and dark colored garments were cleaned in separate PERC dry-
to-dry machines Garments with visible, localized stains were treated at the
spotting station with either solvent-based liquids or water-based detergents
These agents were held in small plastic squeeze bortles and applied to the
stain when needed

Most spotting chemicals used today are purchased from a company that supplies
proprietary products to the industry At A-One Cleaners, the majority of
spotting agents were products from Laldlaw and R B Streets Some of the
products used most frequently at thig shop were Two-in-one®, POG®, Ban-Tan?®,
and Jinx Ink®. Two-in-ome® ig a mixture of trichlorethylene, hexylene glycol,
and diacetone alcohol, POG® is a mixture of aromatic petroleum aolvent,
diacetone alechol, PERC, and Pale ofl, Ban-Tan® is a mixture of hexylene
glycol and dimcetome alecghol, and Jinx Ink® is primarily isopropyl acetate

The clothing was weighed in a basket, prior to lcading into the dry cleaning
mechines The weight of every load placed in a PERC machine waa logged onto a
daily record According to log sheets, the majority of loads placed imto the
70- and 80-pound FERC machines were approximately 55 pounds

Dry cleaning is a three=-step process that invelves washing, extracting, and
drying A diagram of this process can be seen in Figure 3 To begin washing,
clothes were manually loaded into the cylinder of the machines through the
front door After the doors were closed, solvent was automatically pumped
into the machine cylinder Water-based detergent was injected into sach load,
based on the welght of the lpad The contents of the machine eylinder were
then agitated which allowed the solution to remove soils Following this
step, the clothes were spun at a high speed to extract the solvent  When the
solvent had been remcved, the fabric was tumbled dry In lieu of solvent
distillstion, clay and carbon filters were used to remove both soluble and
inscluble soils from the solvents

Garments removed from the machine were pressed to rémove wrinkles and to
restore their original shape The garments were placed on speclalized
pressing equipment, coming in a variety of shapes and slzes, and using steam
heated to temperstures arcund 300 °F. Once the garments were completely
pressed, they were wrapped in plastiec and stored on the overhead rack to await
customer plck-up

On a normal day, approximately eight loads of clothing were processed in each
dry-to-dry machine, ten loads of clothing were processed in the transfer
machines The shop dry-cleaned approximately 1,400 pounds of clothing per
day, and approximately 5,000 pounds of shirts were laundered per week The
shop was apen for business from 7 00 am to 6 00 p m Monday through Friday
and Saturday 7 30 am to 500 pm

The washer, which used mineral spirits, did not have an internal fire
suppression system The reclaimer was Factory Mutual approved All of the
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Figure 3 Process flow diagram

electrieal controls on this machine were explosion-preof  The reclaimer was
equipped with an automatic steam injection fire extinguishing system and a
high limit temperature control that safeguards against overheating TIn the
event of ap explosion within the machine, the blast would be released upwards
through vents in the top of the machine while steam would automatically be
injected into the cylinder

The reclaimer operated Iin two different phases solvent recovery

({20-43 minutes) and ceocl-dowvm {2-6 minutes) Duting the solven: recovery
phase, mineral spirits were recovered from the drying air by passing the
steam-heated airstresm by a condeéenser The airstream passed through the
tumbling load of cloching, a lint filter, and a condenser at spproximately
625 guble feet per minute (cfm) Afrer partial removal of the solvent and
water vapors, the airstream was pagsed through a gteam chest for reheating
The liguid mineral spirit and water mixture was <ondensed, and it was then
plped to a separator From the separator the water and mineral spirits were
directed inte twe different five-gallen buckets on the floor behind the
machine The rveclalmer utilized a copl-dowm phase to reduce excessive
wrinkling, in which atmospheric air was drawn into the alrstream withk a flow
rate of approximately 400 cfm When the machine door was opened, an exhaust
fan pulled the ambient air through the dryer and exhausted outside of the
building at approximately 750 cfm.?

Both dry-to-dry machines had refrigerated condensers as the primary vapor
recovery device The refrigerated condenser used refrigerant to condense PERC
vapors during the dry cycle The gecondary vapor recovery device consisted of
a 0 25 horsepower, centrifugal fan, that was ducted to an activated carbon
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canister The manufacturer reccomended changing this canister approximately
once every three wonths  When the machine door was opened, a micro switch
energized the fan to draw PERC laden air from the cylinder through the
activated carbon This was designed te recover residual PERC vapors in the
eylinder during loading and unlcading

The drying process occurred in the same machine and consisred of two phases
heat recovery and cool-down  Buring heat recovery, warm air was recirculated
te vaporize and recover the residual solvent Air was passed through the
garments, & lint filter, cooling coils, and finally through a heating coll and
back to the drum While passing through the cooling coll, PERC vapors
condensed to liquid form and were directed to the separator where the water
was remwoved Liquid PERC flowed back inte the tank while the water was piped
to an external container lUnheated air was passed through the system during
the cool-down cycle. During cocl-dowm, the heating coil is by-passed and the
temperature of the cooling coll is reduced to leass than 0 *F This step
relaxes the fabric fibers, helps to reduce wrinkles, and removes additional
PERC

Approximately 200 gallons of mineral spirits were stored im a tank directly
bengath the Marvel washer A 500-gallon, underground storage tank of mineral
splrits was located just cutside of the dry c¢leaning room Mineral spirits
from this tank were pumped through an overhead piping system to the washer
when needed  The dry-to-dry wachines held approximately 300 gallons of PERC
A local contracter gupplied and dellvered PERC when needed  PERC was
delivered by a truck through the vear door of the bullding and pumped directly
into the machine’s holding tank which eliminated employee handling

HAZARDS AND EVALUATION CRITERIA
POTENTIAL EAZARDS

The two primary hazards in this dry cleaning shop were the fire hazard
primarily from the use of mineral spirits and the healrh effects related to
exposute to both PERC and miperal spirits  Spotting involves the selective
application of a wide variety of cheémicals and steam to remove specific
stains Individuals who perform the gpotting process could be exposed to
hazardous chemicals through skin or eye contact or inhalarion of vaporas  For
a complete description of the potential hazards, please refer to Appendix A

EVALUATION CRITERIA

The current Cccupational Safety and Health Adminlstration (OSHA) permissible
exposure 1limlt {PEL) for PERC is 100 ppm, 8-hour time-welghted average (TWA)
The acceptable ceiling concentraticn is 200 ppm, not to exceed a maximum peak
of 300 ppm for five minutes in any three-hour peried.® O3HA had lowered the
PEL to 25 ppm In 198% under the Air Conraminants Standard * Im July 1992, the
Lith Cirenir Court of Appeals vacated this standayrd OSHA is currently
enforcing the 100 ppm standard, however, some states opérating their own OSHA-
approved job safety and health programs continue to enforce the lower limits
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of 25 ppm OSHA continues to encourage employers to follow the 25 ppm limir *
NIOSH considers PERC to be a potential cccupational carcinogen and recommends
that exposure be reduced to the lowest feasible concentration ®

The American Conference of Governmental Industrial Hyglenists (ACGIH)
threshold l1imit (TLV) value for PERC ie 50 ppm, based cn health effects
Because PERC and wineral spirits have scme similar health effects (such as
depression of the central nervous system) the additive effect of exposure was
considered by computing a combined exposurs (C,)

c, = clp"Tl + Czn"Ta
In this formula, C and T refers to the concentration and thresheld limit
values (TLV), respectively Coembined eXpcsures are acceptable when C, < 1

The curxrent OSHA PEL for mineral spirite is 500 ppm, B-hour THA There 1z no
15-minute short- term exposure limit nor a S-minute peak ’ The NIOQSH
recommended exposure limit for wineral spirits is 350 mgfm’ or approximately
66 ppm The TLV for wmineral spitits is 10C ppm

The fire laws of the state, county, fire district, or community delepgate
general responsibility and authority to the fire officials involved in fire
prevention activitiez The city of Cinecinnati Fire Department has
jurisdiction for A-One Cleaners  The city of Cincinnati's Fire FPrevention
Code under Title XI1 of the Cincinnati Municipal Code has adopted the Bullding
Dfficials and Code Administrators (BOCA) Basie Fire Prevention Code and the
Ohio Fire Code Supplement with certain modificacions

Additienally, the city of Cineinnati hag adopted by reference a number of
pdditional rules and regulations from naticnal technical organizations  Those
that are particularly pertinent to this facilicy are the National Fire
Protection Associatlion (NFPA) 30--Flammable and Combustible Liquids Code and
NFPA 32--Standard for Dry Cleaning Plants Kecommendations in this report are
based upon these adopted codes, as well as NFPA 10l--The Life Safety Code

Because A-One Cleaners has been in operation prior to the adoption of many
recent codes, they have been grandfathered and are not required to comply with
many provisions in recent codes, however, code compliance would reduce the
risk of property damage, Injury, or death due to fire It may alsc reduce
property insurance premiums  Accerding to NFPA 101, dry cleaning plants are
elassified as industrial occupancies  According to NFPA 101 and the BOCA code
for dry cleaning plants, A-One Cleaners’ dry cleacing room ia considered a
high hazard srea because there was greater than 60 gallons of minsral spirits

HETHODOLOGY
INDUSTRIAL HYGIENE SAMPLING

The objective of industrial hyglene sampling was to evaluate the effectiveness
of the dry cleaning machlnes for controlling worker exposure to PERC and
wineral spirits Personal and area ailr sampling was conducted, using KIOSH
Method 1003 for halogenated hydrocarbons and NIOSH Method 1550 for petroleum
naphthas These methods call for the use of 100 mg/50 mg coconut shell
charcoal tubes and carbon disulfide desorption Analysis was done using a gas
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chromatograph with flame lonization dececteor Samples were collected over a
120-minute period at a flow rate of 0 1 litera/minute zand a volume of

12 liters The limit of detection for these processes were 0 0l mg/sample for
halogenated hydrocarbons and 0 1 mgfsample for petroleum maphthas °

Areg samples were taken at various locations throughout the shop Alr
samples were collected in front of all dry cleaning machine doors, behind the
PERC wachines, near the folding table, and near the exhaust fan (Figure 4)
Full-shifr TWA personal sampling was conducted for the machlmne operator, the
spotcter, and several other workers who worked in the dry clesaning room

VIDEO EXPOSURE MONITORING

Real-rime wmonitoring was used to study how specific manual tasks and
maintenance operations affect worker exposure to PERC and mineral spirits

Some of these procedures occurred frequently throughout the day, such as
loadingfunloading the machine, while others, such as cleaning the lint and
button traps, were less often Most af these tasks took berwesn

5 and 30 minutes Real-time monitoring of PERC exposures was performed using
a MicroTIP® 153000% (PHOTOVAC Inc, Thornhill, Ontario) with a 10 6 EV
ultraviclet lamp This instrument uses a photoionization detector te provide
an analeg output response proportional to the concentration of ionizable
pellutants present in the alr  The MicroTIP® was callbrated for beth PERC and
mineral spirits, using five bag standards of PERC vapor and five bag standards
of mineral spiritg vapor Instrument readings and actual concentrations were
used to construct two calibration curves and find predictive equations The
following farmula was used to convert the putput of the PID (wolts) to
concentration of contaminant {ppm)

C{t) = IR{t) * CF* MR

wvhere

G{t) = Concentraticon of vapor at time t {ppm)
IR{t) = Instrument respcnse at time t (volts)

CF = Converaion factor from calibration equatlon
MR = MicroTIP® rvange {ppm/volt)

Using the MicroTIP#, the informatlon gathered was electronically recorded on a
Rustrak® data logger (Rustrak® Ranger, Gulton, Inc , East Greenwich, RI1) and
dovnloaded to a portable computer, using Pronto® software During the
gathering of real-time data, a video camera was used to record worker
activitries This videotape was later used to analyze tasks, code data, and
determine which work activities and movements resulted in the highest
exposures

Real-time monitoring was alse used toe study off-gassing of garments and to
compare vapor recovery efficiency of the machines. This was accomplighed by
placing a standard test swatch approximately 5 inches by 6 inches, made of
51 percent rayon and 49 percent polyester inte a typical lead of clothing
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When the dry cycle had ended, the test swatch was placed in a small glass test
chamber As the PERC and mineral spirit residuals vaperized, the emitted
concentrations were monitored and recorded by using the MicroTIPt and Rustrake
data logger The apparatus for measuring off-gassing can be seen in Figure 5

Tost
,.-"'m

\\“xh__,,f//A\&“m gamping Pump

Toal Bwaieh m 1 Repon O=ZLPM
A Pylaiad

Figure 5 Apparatus for measuring off-gassing of garments and
machine recovery

VENTILATION

General ventilation measurements were made with a Kurz® mpdel 1440 hot wire
anempmeter, with a measuring range from O to 6,000 feet per minute (fpm)
Alirflow patterng in the dry cleaning room were gquallitacively evaluated by
using smoke tubes Face-velocity measurements were taken with each machines’
door open A mass airflow balance was performed for alr entering and leaving

the dry cleaning atea The capacity and dimengione of genmeral dilutiom
ventilation systems were alsc recorded
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RESULTS AND FINDINGS
FIRE SAFETY

Occupancy

A-One Cleaners had fifty-six able-bodied, adult employees Fifty of those
enployees worked on a full-time basis, and the other six employeea worked om a
part-time basis The bullding was occupled from approximarely S 00 am to

6 00 p m Monday threugh Saturday During the evaluation, the number of
peaple occupying the building, excluding survey participants, ranged from

35 to 45 people

There were approximately 4 people in the office mrea, & people working in the
shirt pressing area, 3 people in the shirr laundry area, 5 people in the dry
cleaning room, 3 pecple in alterarions, 2 people in tagging, 10 people in the
dry cleaning pressing area, and 3 people near the c¢ustomer ¢ounter In
addition to these workers, there were alsoc a number of individuals that were
in and out of the bullding Van drivers whe picked up and delivered clothing
to customers' homes, weére in and out of the building throughout the day  The
break room alse had a number of people in 1t at varipus times throughout the
day

A-One Cleaners occupled approximately 8,500 square feet of floor space
Acecording to NFPA 101, industrial occupancles shall not have more than one
person per 100 square feet of fleoor area ' Based upon the floor area, this
building may have up to 85 employees in the building at one time.

Heat Load

Heat or fire load refers to the severity of a fire that would be predicted in
an occupancy, based upon the heat release rate of the combustible materials
that are present divided by the fire area in square feet  Typically, ordinary
combustibles have & heat of combustion of approximately 8,000 BTU per 1lb
peeupancies are traditiomally divided into three categories 1°

Low fire load 100,000 BTD/ft?
Moderate fire load. 100,000 BTU/Et® to 200,000 BTU/ft?
Bigh fire load  2CG0Q,000 BTUff¢? to 400,000 BTU/f¢*

tleat load caleulations were based upon building contents, conatructien, and
heat of combustion Garment quantities and content mass were estimated  Heat
load caleculations ¢an be found in Appendix B According fo the criteria
outlined above, the heat load in this building was "low"

EgTess

Egress calculations are shown in Appendix ¢  There were three factorz
involved in egyess amnalysis  travel distamce, occupancy load, and exit
capacity NFPA 101 calls for a maximum travel distance of 75 feet to an
exit ¥ There were nine exits from the first floor Seven exits had a width
of 2 5 feet, and the other two had a width of 5 0 feet Exit capacity is
determined by considering the width of the exit and the number of occupants
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that may have to pass through the exit during a fire Results of the
caleulations indicate that aufficient exditing was provided

There was only one problem which may meed further invescigation  According to
NFPA 101, two remcte exits are required for each level of a building and in
high hazard areas There was only one aspproved exit frem the basement and
the dry-cleaning room 1In the case of the basement, a garage deor 1s not an
approved exit, and the current exit path passes through the first floor

Again, ip the case of the dry-cleaning toom, the parage door and the two fire
doors are not approved exits Exit paths must alse be kept free and clear of
obstructions or clutter This is particularly impertant at this shop since
many items could potentially block am exit path

Fire excinguichers

Figures 1 and 2 depict the location of fire extinguishers throughout the
building The corresponding fire extingunishers and thelr type, capacity, and
date of laat inspection is showm in Appendix D Clasa A extingulshers are for
grdinary bullding protection apd can use water, dry chemical, or halen

Class B extingulshers are for flagmable liquids and can use €0, dry chemiecal,
halon, or AFFF Class G extinguishers are for fires in charged electricsl
equipment and use §0,, dry chemical, or halon

There were 15 multi-purpose fire extinguishers locaced throughout the A-One
Cleaners Two extinguishers were in the basement, and all of the other
extinguishers were located on the main fleor  Maost of those extinguishers
were rated "BC" suirable for flammable liquids and fires in charged electrical
eguipment  Based upon guidelines In the NFPA Handbook, the fire extinguishers
present in this building were of adequate size, type, and distribution

Table 3-23C ¢f the NFPA handbopk calle for s maximum travel distance of

30 feet to an extinguisher rated ar 30-B in a high hazard area This would be
appropriate for all of the extinguishers in the dry cleaning room which is &
high hazard area  For moderate hazard areas, extinguishers rated at 10-B and
20-B shcould have a maximum travel distance of between 30 and 50 feet,
respectively

Fire detection and suppression systems

There was no automatic sprinkler system or fire detection system in this
building Based upon the significant ignition scurces and five load within
this building, a fire detectlon aystem should be installed to provide 24-hour
notificatfon to the fire department This system would be particularly
important during hours when the building is unoccupied Due to the proximity
of the fire department, rapid notification of fire would facilitate a quick
respense  Photoelectric detectors that are most effective at detecting
smoldering fires should be installed in the majority of the building with the
exception of the dry cleaping room '* This room should be equipped with an
jonization detector to vrapldly detect a fast flaming fire which typically
oceurs when a flammablefcombustible liquid i fgnited A wet-pipe automatic
sprinkler system should be installed in accordance with the RFPA Code 32 for
dry cleaning plants
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Fire Department acceas

A-One Cleaners was undar the protection of the Cincinnati Fire Departwent’s
Engine Company Numbgr 8 Engine Company Number 8 was located only 0 6 miles
from A-One Cleaners and could respond to a fire in a matter of minutes One
fire hydrant was located directly acrosa the street from A-Une Cleaners, and
several other hydrants were within 500 feet

INDUSTRIAL HYGIENE SAMPLING

Results of the individual air samples and statistical analysis can be seen in
Appendix E Figure & shows the sample locations, and Table 2 is a summary of
pereonal ailr samples for four different day= TFigure & ghows the operator’s
time-weighted average (TWA) exposures for each day  Because of the extremely
cold weather during this survey, all of the doora leading to the outside were
closed, and the primary air handling unit for the dry ¢leaning room was not
operating This probably caused the concentrations of PERC and mineral
spirits to be higher than other seasons of the year

Statistical analysis was performed on lopg transformed air sampling data for
both PERC and mineral spirits  Analysig of varisnce (ANOVA) showed that
sampling location and job title had a significant effect upon concentration
(probability > F < ¢ 0001) A multiple comparison test with 5 percent
significance level, least significant difference (LSD), was used to examine
concentration differences

Becauge PERC and mineral spirits have some similar healch effects and
slgnificant exposures occcurred to both chemicals, the additive effect of
exposure was considered by computing a combined exposure (C,)

C;le + Czerg = C,
In thic formula, € and T refers to the concentration and threshold limit
values {TLV), respectively Combined exposures are acceptable when C, < 1
Results of this analysis can be seen in the final column of Table 2 Neo
combined concentrations exceeded the combined TLVs

The full-shifr, time-welghted average (TWA] persconal samples ranged from

1 44 ppm to 30 62 ppm for PERC and 2 72 ppm to 32 86 ppm for mineral spirits
The machine operator had the greatest TWA exposures which ranged between

10 75 ppm and 30 62 ppm for PERC and 11 1 ppm and 32 &6 ppm for mineral
spirits The operator’'s TWA exposure for all four daya of sampling was

21 68 ppm PERC and 21 17 ppm mineral spirits  Operator exposure to PERC was
statistically significantly different from all other workers Operator
exposure to mineral spirits was only significantly different from the laundry
worker

The operator was exposed to elightly more mineral spilrits than PERC on three

of the four days The reason that the operator was generally exposed to
slightly higher concentrations of mineral splrits was that much of the mineral

15



Table 2 Time-Weighted Avarage (TWA} PERC and Mineral Spirit Exposures

Worker Date Number Sampling FERC Mineral Additive
of Period TWA Conc Spiric Exposures
Samples {mlnutes} {ppm) TWA (c.)
Coane
(ppm}
Spotter 124795 4 479 5 45 10 04 21
Operator 1{24£95 4 510 1% 66 L1 50
Mgr T 1{24f585 4 405 [ 44 2 72 06
Operator 1{25f95 4 506 190 75 13 2% 3s
Mgr § 1/25195 4 448 749 13 78 30
Laundry wkr  1/25/9% 4 473 5 11 8 0l 1B
Operator 1/261495 4 496 30 62 32 86 R4
Mgr S 1/26}/95 4 495 15 0l 20 82 51
Laundry wkr  1{26/95 4 419 9 45 L3 €6 33
Spotter 1/26/95 4 437 12 18 23 B4 4B
Operator 1127195 3 400 26 90 29 54 84
Spotter Yf27195 3 358 7117 17 52 k¥
Laundry wkr 1/27/95 3 415 7 14 1l 98 26

spirits escaping from the transfer equipment tended to move toward the PERC
machines, Therefore, when the operator was working near the PERC machines, he
was being exposed to both PERC and mineral spirits When the operater worked
near the transfer equipment he was primarily exposed to wmineral spirits

As 1llustrated in Figure B, there were significanr concentrarions of mineral
spirits near the front of the BO-pound PERC machine (often the concentration
of wineral spirits was 30 percent of the PERC concentration near the PERC
machines), however, the concentrations of PERC around the transfer equipment
was much lower {often omly 20 to 23 percent}

The next highest exposures generally occurred to the spotter who worked in
ctlose proximity to the trenefer machines The apotter’s TWA exposures were
consistently higher to mineral spirits than PERC The laundry worker was
generally the farthest away from the dry cleaning machines The twc managers
who were sampled wete in and ¢ut of the dry cleaning reom throughout the day
Exposures seemed to be greater on the last two days of sampling which was
probably attributed to the fact thar the velume of clothing needing dry-
cleaned on those two days was greater.
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Figure 6. Operator TWA exposures to PERC and Mineral Spirits.

Results of all area ajir sampling can be seen in Appendix E, and

Figures 7 and 8 show concentrations in fronr of each machine Area samples
were taken throughout the dry cleaning room Area samples were taken above
each of the dry cleaning machine doors because, based upon previous research,
this is generally where the greatest eXposures occur Samples were also taken
behind the dry-to-dry wachines where the secondary vapor recovery device
exhausgted and in two other locations within the dry-cleaning room

Among the area samples taken above the machine doors, the highest PERC
concentrations were detected on samples located above the §0-pound dry-to-dry
wmachine The highegt geometric mean concentration, 87 ppm, was on the third
day of sampling, sbove the 80-pound dry-to-dry machine Geometric mean PERC
concentraticns were condistently higher above the BO-pound machine than abave
the 70-pound wachine, and there was a statistically significant difference
between these concentrationsg On most of the days, the concentrations
measured sbove the 80-pound machine door were two to three times greater than
above the 70-pound machine door  Part of this difference may be due to the
proximity of the 70-pound machine to the exhaust fan A geometric mean
concentration of 36 8 ppm PERC was measured on the last day of sampling behind
the dry-to-dry machines, whera the secondary vapor recovery device exhausted

The highest geometric mean concentrations of mineral spirits were measured
above the door of the reclaimer This concentration was statistically
significantly different from most other areas within the shop  This was
probably because the mineral spirits in the reclaimer were at a much higher
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tenperature and in a vapor state during unloading The highest geometric mesan
concentration, 91 3 ppm minersl splrits, was measured on the third day of the
survey The second bhighest concentrations were measured above the door of

the washer, however, mineral gpirit concentratipns above the 80-pound machine
door were virtually equivalent to those measured near the washer, and there
was no stacistically significant difference berween these concentrations

Several doors leading o the polvent tank of the washer remained open
throughout the day which permitted mineral spirits to vaporize into the work
atmosphere A liquid leak was found around the door of the mineral spirit
washer Concentrations measured in front of the machlnes resulted from
tesidual gases in the cylinder escaping during unloading and loading 1In
general, most concentrations appeared to be lowest on the first day of
sampling when the smallest volume of garments were processed There was no
clear relationship between exposure levels and time of the day

REAL-TIME MONITORING

Video recording and real-time monltoring were performed during unleading and
lecading the machine and during maintenance on the machines, such as cleaning
the butten traps and lint filrer BReal-time monitoring was alse used co
evaluate the effectivenese of the vapor recovery aystem by examining garment
resfidual off-gassing The MicroTIP® was set for a measuring range between

0 toe 2,000 ppm

O a daily basis, the most significant source of exposure to the operator
cccurred during loading and unloading the machines  Expogures during
unloading approached full scale (2,000 ppm) for some of the PERC dry-to-dry
machines More importantly, loading and unloading cccurred Irequently
throughout the day, approximately elght times per day for each of the two dry-
to-dry machines  Transfers occcurred approximately ten times per day Each
transfer involved unloading the reclaimer, unloading the washer, loading the
reclaimer and loading the washer Machine maintenance activities normally
cccurred only once a day per machine and some tasks, such as changing filters,
occurred even leas frequently

Figures 9 through 12 show real-time data during unleading, leading, and
transfer from the machines During all of these activitles, operator
instantaneous exposure to PERC was significantly higher than to instantgneous
exposure to mineral epirits This was the case in splte of the fact that the
PERC machines were dry-to-dry, and the mineral spirit machines required
trangfer of solvent laden clething There were two reasons why operatotr
instantanepus exposureg to PERC were higher than instantanecus exposures to
mineral gpiritg First the vapor pressure of PERC 1is approxXimately seven
times greater than the vapor preasure of mineral spirits (14 mm Hg at

68 degreers F versus 2 mm Hg at 68 degrees F) The second reascng is that when
clothing from the mineral spirit washer was unloaded and transferred, the

19



02

S9UTYoem oM3 ZUTpEOTUN STTYA HYIJ pur s3Fi7ds Teraurm o3 aansodxy ‘g =2andrg

{spuooeg) etuy]
005 (10,4 00e 002 00} 0
| 1 M 1 L 1 | | | | 3 N L ] M 3 1

L 3 o
- 002 o
o]
S
5]
@
N3NVIO3H T nu'.
LHIdS TVHININ ——p
QYOINN T - 00F m
-
i<}
O
3
- 009
: INIHOYW D1d
“— g
: avoinn




T¢

"I9JSuE1l pue JuppeoTun
guranp s3taitds [eisuTwm ©3 3Insodxs pue Fuypeorun BUTINp HII4 03 sansodxy QT wandrl

(spuodes) ewn)
006 0St O0F 0GE Q0E 0S¢ O0C O0SL 00} OS O

] N [ | i 1 i 1 1 | 3 | 4 1 M I 5 ! 1 o

- 05
)

| oot S
'y}
2
=

- 051 R
O
-3

| 00z8
3

- 052




AHG-OLAHG

:

g

:

(dd) uoneRuesuoy




Butanp satajds Teasuyu o3 pue Juppeor pue BFufpeoTun Jurinp oy¥ad o3 2ansodxy

£z

*1DJSUEI]
“Z1 aandTy

{spuooeg) et

00¢ 052 00S 0si 00l 0s
1 L 1 L | L L " 1 1

e e B A A AN A EE RN

T

ANHOYN FT1 08 SNIHOVA T 02—y

|
{wdd) uogenuedsuo)

:

8

n.ED.Oh ;E.u-o._.bcn
Eﬂﬂ.— n.—gg.—zu

. "
L] . .
] . u
. | ]
- - 4
] - 4
* - .
- - L
. - '
+ ” L]
. .
* . u
. - L
. . +
- - +
] . *
(] - -
» " .
] - .
* 4
L] - .
- .
- . +
. . +
L] - *
» - *
[ M -
» M *
[ 1 *
» ' *
» “ *
L] . *
L] . L]
L] L
. -. .
o *
. | ]
-,
L]
L]
]
+
L]
.
.
! ']
T
L] M L
BV e wauewen,
P avon. . .
. a
M

i

mzmdz:hmomoazummm




mineral spirits were at approximately room temperature  When the PERC
machines were unloaded, the drying cycle had just ended, and the PERC in the
cylinder was already in the vapor state

Figure 9 shows operator exposure during loading both dry-to-dry machines and
the washer The average exposures during loading the 80-pound machine

(1,317 ppm) and 70-pound machine (1,413 ppm} were relatively close However,
the integrated exposure, while leoading the 70-pound machine, was over twice as
great because 1t took over twlce as long to lpad (15 seconds versus

7 szeconds)

Although inatantaneous exposureg to PERC were hipher, the TWA exposures were
relatively similar, which i1s clear from the air sampling results The reason
for this was that loading and unleading the PERC machines occurred relatively
quickly, but, transfer took more time A movement within the room also played
a gignificant role When a dry-to-dry cycle ended, the machine could be
quickly unloaded and loaded with no delay  However, when the washer cycle
ended, the clething could be unloaded, but 1f the garments in the reclaimer
still need to dry, the clothing could cff-gas Part of this problem relates
to the fact that the reclaimer cycle (approximately 30-35 minutes) 1is much
longer than the washer eyele (approximately 10 minutes)

As observed during previous studies, average PERC exposure while loading the
machine with dirty clothing was much higher than unloading garments that had
been cleaned in PERC  Instantanecus PERC eXxposures during leading approached
2,000 ppm, while during unleading, instantaneous exposures were less than half
of that This was due te residuals being forced from the cylinder when a
large guantity of uncleaned clothing was added to the empty cylinder Thia
result indicates that the seccondary control on this machine was ineffective

Although not shown with a figure, weasurements taken near the carbon canister
behind the machine showed that each time the machine door was opened, high
concentrations of PERC were being blown into the work environment  This was
because the carbon in the canister was not capturing the PERC in the exhausted
air The carbon canister was ineffective, due to a varlety of factors
Frobably the most important factors were an insufficient flow rate and
insufficient capacity of the carbon bed ' A manufacturer’s representative
indicated that they tecommend changing the small carbon canister approximately
once every three months  Based upon previous NIOSH in-depth studies, the
quantity of activated carbon uged for this type of machine would need to be
changed on nearly a dally basls to be effective

Even if there was sufficlent carbon in the canister and the machine operated
at optimal efficiency, the PERC effluent would tend to remain in the

50~150 ppm range This concentration 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 increazses dramatically This
is called breakthrough

A general rule of thumb in dry cleaning is that one-half pound of carbon ig

needed to capture the PERC residuale from cne load of clothing with no other
recovery device ** Carbon will absorb approximately 40 percent of itg weight,
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and one gallon of PERC welghs approximately 13 5 pounds  Additionally, the
0.25 horsepower, centrifugal fan was probably undersized for the intended
purpese because 1t was unable to provide sufficient airflow at the machine
door to prevent escape of PERC vapors

Figures 13 and 14 show worker exposure during machine maintenance on both dry-
to-dry machines  Machine maintenance was done on a daily basis and invelved
cleaning the lint and button traps and disposing of the hazardoua waste
Normally, the lint and button traps were cleaned at the end ¢f the work day
The llnt and button traps Were located hehind the machines

Figure 13 shows that there was a failrly significant background level behind
both dry-to-dry machines This background c¢oncentration can be atctributed to
exhaust from the secondary control device, located behind the machines
Additionally, all of the nermally used hazardous waste storage barrels were
full Lint and other hazardous waste were being temporarily stored behind the
machines in a cardboard cylinder  The highest maintenance exposure ogcurred
while eleaning the lint trap of the 80-pound machine The average exposure
while cleaning the lint trap of the BO-pound machine was approximately

180 ppm, and the sverage exposure while eleaning the lint trep of the 70-pound
machine was approximately 149 ppm There was no still to be cleaned on thies
wmachine

Finally, the garment off-gassing experiments are shown In Figures 15 threugh
17 During the ¢ycies tested, it appeared thar the 30-pound machine was most
effective at recovering solvent from the garments, and the 70-pound machine
was the least effective The total PERC off-gassing from the test swatch was
10 3 mg PERC/kg cloth for the 80-pound machine and 76 3 mg PERC/kg cloth for
the 70-pound machine The total mineral spirlts off-gassing f£rom the test
swatch that was dried in the reclaimer was 50 % mg mineral spiritsfkg cloth
The quantity of PERC off-gassing from the test swatch placed in the 80-pound
machine seems contradictory to results of area sair sampling near the door ef
this machine For thia reason, the low value may be due to having a smaller
sized load during the individual cycle The area air sampling data is
expected to be more representative than the cff-gessing resnlts because of the
greater quantity of data

VENTILATION MEASUREMENTS

Ventilation on the dry-to-dry, dry-c¢leaning machines’ doors at this shop was
minimal Measurements, teken wirth a Kurz® hot-wire anemometer, did not show
an appreciable inward air velocity at the face of the dry-to-dry machine
doors  Smoke tubes indicated that there was only a very minor flow of air
which was ineffective at preventing residuals in the cylinder from lesving
through the doour opening The B0-pound machine had a dpor face veloclity of
approximately 20 fpm and total alr flow of approximately 170 cubic feet per
winute (efm) The 70-pound machine had a door face veloeiry of approximately
17 fpm and total air flow of approximately 140 cfm. Aily drawn in through the
open machines’ doors was exhausted behind the machines
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Figure 17. Typical off-gassing of mineral spirits from test
swatch from reclaimer

The mineral spirit washer had no internal ventilation system  However, the
reclaimer had & fan which drew significant inward ait flow at the face of the
door  Air velocity was approximately 170 fpm, and airflow was approximately
1,800 cfim This air was exhausted Jjust above the roof line

A mass airflow balance was performed for the dry cleaning room Multiple air
velocity measurements were taken approximately & Inches in front of the wall
fan, air handling unit vents, and the two copenings leading ta the rest of the
shop Although the air handling unit was not operating, a significant amount
of air wag being drawn into the room through these vente  Based upon results,
alr may have escaped from the rocom through leaks in the strueture  Alr
entering the room through the rear fire door was short eircuiced and exhausted
by the wall fan Results of the air velocity measurements can be seen in the
Table 3

Smoke tubes used in and around the dry cleaning machines indicated that there
was very little alr movement, however, some of the mineral spirits migrated
towards the dry-to-dry machinez  Because much of the air was stagnant near
the dry cleaning machines, this may bhave increased worker exposures to both
PERC and mineral apirits originating from the machines Some of the air
originating from the mzchines was able to escape to other areas of the shop
through the fire door leading towards the alterations area
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Table 3 Dry cleaning room airflow balance

LOCATION SUPPLY EXHAUST
{cfm) {cfm)

Wall fan 5,300

Alr handling & ,400

unit

Front fire door 1,100

Rear fire door 4,500

Totals 8,900 &,400

OBSERVATIONS

The shop owner expressed a streng desire to comply with appropriate health and
safety and envirommental regulations, however, he atated that these were cften
difficult to follow because of thelr quantity and complexity  There were a
number of problems noted with maintenance and housekeeping A liquid mineral
spirit leak was noted on the door of the washer Real-tlme measurements
deternined that the secondary vapor rtecovery device on the 70-pound dry-to-dry
machine was not functioning properly  Additionally, the operator indicated
that at certain times the extraction cycle on the 70-pound machine was not
functioning properly When these problems came to the attention of the owmer,
he quickly acted to address the problems

Hazardous waste storage barrels wetre located behind the washer in the dry
cleaning room Because thege barrels were filled to capacity, the machine
operator temporarily stored hazardous waste in an unapproved cardbeoard
container behind the dry-to-dry machines It was apparent that the cardboard
had become saturated from sclvent that was retained in the hazardous waste
Thetre were a number of locations within the dry cleaning room where mineral
spirits remained open to the atmosphere and were able to vaporize This
increased background levels of mineral spirits in the air and added to worker
exposure Areas where mineral spirits were open to the atmesphere included
two lecations on the washer, an open barrel used for waterproofing, and a

5 gallon bucker used to catch mineral spirite recovered by the reclalmer

1t was unclear whether an established smoking policy existed in this shop
Seversl times throughout the week a worker passed through the dry ¢leaning
room with a 1lit cigarette The owner indicated that he was planning on
instituting either a no emcking policy or a policy which would restrict
smoking te the break room
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PERSONAL PROTECTIVE EQUIPMENT

There was no personal protective equipment used by the machine operator during
this survey The cperator indicated that at certain times he would wear a
dust mask while working near the dry cleaning machines A first aid kit was
located on the rear wall of the dry cleaning room where a half-face respirator
with organic vapor cartridges and gloves were kept

CONCLUSIOWNS AND RECOMMENDATIONS

Controls at A-One Cleaners maintained full-shifc TWA exposures to PERC and
minersl epitits below the OSHA permlesible exposure limits (PEL} However,
operator, full-shift, TWA PERC exposures exceeded 25 ppm on two days  Twenty-
five ppm is the exposure limit that OSHA encourages dry cleaners to remain
beneath  NIOSH recommends controlling PERC to the lowest feasible
concentratlon The highest TWA personal exposures to both PERC and mineral
splrits occurred to the machine operator followed by the spotter

The primary sources of worker exposures to solvents in this shop were the dry
cleaning machines Alr sampling results demonstrated that the greatest
concentrations of solvent were directly above the machine doors  Real-time
evaluation showed that lecading and unloading of the machines had a major
impact upon cperator exposure, and in order to reduce exposures, emissions
duting leading and unloading should be better controlled Comparing the total
TWA exposure to PERC during the day and total exposure due to loading and
uwnloading, it appears that the operators exposure could be reduced nearly

65 percent by control of loading and unloading

Local exhaust ventilation could be used to significantly reduce exposures
during loading and unloading On the dry-to-dry machines this could occur by
nodifying the current secondary wvapor recovery device with a larger fanm or
carbon bed These changes would increase the airflow and reduce raesiduals
escaplng from the loading door, or lmprove PERC capture efficlency by
providing more carbon  Ducting the exhaust ocutside of the work enviromment
would reduce background concentrations of PERC

A simpler opticn 1s to add inexpensive, external local ventilation system with
a separate exhaust fan, ductwork, and hood The captured air ¢ould then be
ducted outside the building or to a vapor recovery unit  Exposures during
unloading have been shown to be reduced from 1,000 ppm to 28 ppm using a fen
vhich operated at 990 c¢fm with a slotted hood design ¥

Process isolation is another optien to reduce worker exposure The majority
cf solvent emlssions criginate freom the dry cleaning machines Iselating
employees by either time or space will reduce exposures to the employee The
owner should take a critical look at who is working inside the dry cleaning
rvoom and whether it is necessary for them to work there Minimizing the
amount of time workers spend iIn the dry cleaning room would reduce exposure
Because the dry cleaning room wag the only internal route between the
northern-half and southern half of the shop, many workers passed through this
room who may not have had need to do se.
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As machines age, leaks may develop and should be repaired promptly  FProper
maintenance is instrumental to reducing leakage Liquid leaks are more easily
seen 1f proper maintenance and housekeeping is performed on a regular
interval Lint and button trap residue should be lmmediately placed in a
hazardous waste container At the beginning of the survey all of the
hazardous waste storage barreles were full, and hazardocus waste wae improperly
stored in & cardboard container. Hazardous waste should be sceored in
approved, leak-resistant, hazardous waste storage barrels  Sufficlent etorage
barrels should be available at all times to contain the hazardous waste that
i1s produced

Use of personal protective equipment (PPE) at this shop, like almost every
othey dry cleaning shop in this study, was pot in accordance with Federal
Regulation 2% CFR 1910 134 because there was no establizhed program
Dccupational exposure could be further reduced through the proper use of
respiratory protection

Where empleoyees must wear resplrators, an appropriate respiratory protection
program in accordance wich 29 CFR 1910 134 must be instituted This
regulation contalns provizions for.

¢ a written standard operating procedure

0 respirator gelection based upon hazards

¢ instruction and training of the usgser ¢oncerning the proper use and
limitatvions of respirators

o rtegular cleaning, disinfecrion, and preper 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 *

FProper respirators and gloves should be used during machine maintenance by the
operator Gloves and goggles should be used to reduce expesure te hazardous
chemicals such as PERC Gloves provide limited dermal preotection and should
be made of solvent resistant materials, such as Vicon®? fluoroelastomer,
polyvinyl alechol, or unsupported nitrile When 2 specific glove is chosen,
factors such as permeation, durabllity, dexterity, and cost should be
considered Viton® and polyvinyl aleohol have a PERC breakthrough time in
excess of eight hours ' A 1987 study showed that unsupported nicrile was
impervious to PERC after & two-hour challenge period " Some of the drawbacks
asspeciated with thege materials are that Viton® 13 expensive, polyvinyl
alcohol significantly reduces dexterity, and unsupported nitrile has a high
permeation rate Whenever swelling or softening of the gloves or seepage of
PERC 1Into the glove is observed, the gloves should be replaced Gloves should
alse be regularly checked for perforations and cuts

Based upon observations and review of pertinent fire codes, the following
tecommendations are offered to reduce the risk of fire A "No Smoking” policy
ghould be established that restricts smoking to the break room or completely
eliminates smoking within the building No smoking signs should be posted as
appropriate %%
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The side-swinging hinged door, located between tha dry cleaning room and the
small room with the chiller, should be remeved and replaced with either
concrete block or a door with a preater fire resistance rating The door is
not functional and has only a l-hour fire resgistance rating The dry cleaning
room must be separatéed from the rest of the building by a wall with a 2-hour
fire resistance rating.® The overhead rack which runs through the fire door
on the north side of the building should be removed so that the door may be
closed in the event of a fire

All cpen containers which contaln mineral spirits should be closed to the
arvmesphere (ie washer tank, waterproofing barrel, water separatar tun-off
from the reclaimer)  The mineral spirits that flow from the water separator
to the open bucket on the floor should be removed and the mineral spirits
should be pumped directly to the washer ®** Rigid iron or steel pipe should
be installed which transports mineral spirits from the underground storage
tank directly to the tank of the washer %

The primary life safety feature of an industrial occupangy is an automatic
sprinkler system At minimum, an approved wet-pipe sprinkler system should be
ingtalled in the dry cleaning room Automatic sprinkler systems have proven
effective in preventing loss of life and controlling the spread of fire *
Fire Codes indicate thar the washer should have an integral, automatic carbomn
dioxide extinguishing system 7 Management should consider retrofitting an
extinguishing system, or 1f the washer is to be replaced soon, the new washer
should kave an extinguishing system

Controls at this facility were capable of maintaining solvent exposures below
the OSHA PEL for PERC and mineral gpirits Contrel methods discussed
previsusly could aid in reducing expesures further There were a number of
ateas where this shop was not in compliance with current fire codes  Because
A-One Cleaners has been in operation prior to the adoption of many recent
codes, they were grandfathered and are not required to cowmply with wany
provisions in recent codes 1In spite of this, code compliance would reduce the
risk of property damage, injury, or death due to fire Code compliance may
also provide the benefit of reducing property insurance premiums
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APPENDIX &  POTENTIAL HAZARDS

The two primary hazards in this dry cleaning shop were the fire hazard
primarily from the use of mineral epirits and the health effecte related to
expogure to both PERC and mineral gpirits Hineral splrits ie a class II,
combustible liquid with & flash point of 120 degrees Fahrenhelt Its lower
explosive limit 18 0.7 petcent or 7,000 ppm PERC 1z nonflammable, however,
if ir is heated sufficiently, thermal decomposition will result in the
formation of hydrogen chloride and phosgene gases

Exposure to the products of combustion present numerous hazards to humans
Most prominent among these are effects from heat, impaired wvision due to swmoke
density or eye irritation, narcosig from inhalation of asphyxiants, and
irritation of the upper or lower respiratory tracts These effects often
cccur simultanecusly during a fire and may contribute to physical
incapacitation, loss of motor coordination, faulty judgement, disorientation,
vestricted vision and panic Smoke and gases are responsible for
approximately 70 percent of deaths during a fire ¥

Carbon monexide is generally the moat abundant toxic gas produced during a
fire Carbon monoxide is produced in an aceidental fire when some of the
carbon present in organic materials is incompletely oxidized Due to the
large number of textiles present im this facility, the production of hydrogen
cvanide gas is ancther causge for concern during a fire  Hydrogen cyanide is
produced from burning waterials that contain nitrogen  Hitrogen is present in
natural and synthetic materials such as wool, silk, acrylenitrile polymers,
and nylons  Rydrogen ¢yanlde 15 a rapidly acting toxicant whieh is
spproximately 20 times more toxic tham carbon monoxide *

At A-One (Cleaners, the primary oxidizing agent was the air in and outside of
the bullding Potential combustible materisls included portions of the
bullding itself, furnlture, garments, lint, and combustible liquids such asg
mineral spirits  Scurces of ignition at this facility were heat energy
produced primarily from chemical, electriczl, and mechanical energy Thie
heat energy could occur in the forms of a burning or smoldering cigarette,
heat transfer from heated equipment on or near a press, friction due to
moving parts, a frictional spark inside the reclaimer cage, or even static
glectricity that may build up within the reclaimer

PERC i5 3 wore toxic chemical than mineral splricas  Sufficient quantities of
mineral spirits can cause central nervous system depression Symptoms include
inebriation followed by headache and nausea In severe cases, dizziness,
convulsions, and unconsclousness occasionally result ¥

PERC can enter the human body through beth respiratory and dermal exposure
Symptoms sssociated with respiratory exposure inmclude  depression of the
central nervous eystem, damage to the liver and kidneys, impaired memory,
confusion, dizzinegs, headache, drowsiness, and eye, nose, and throat
irritation ? Repeated dermal exposute may result in dry, scaly, and fissured
dermatitis ¥
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Over the past 15 years, studies conducted by the Natiomal Cancer

Institute (1977) and the National Toxicelopy Program (1936), have established
2 link between PERC exposure and cancer in animalz 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 studiles involved exposure to a variety of sclvents and have not been
linked to PERC exposure Cancer mortality research is continuing at NIOSH and
other research organizarions

Spotting involves the selective application of a wide variety of chemicals and
steam to remove gpecific stains Some of the chemicals and chemical families
that are used con a failrly regular basis for sporting in additfon to PERC are
as follows other chlorinated solvents, amyl acetate, petroleum maphtha,
oxalic acid, acetic acid, esters, ethers, ketones, dilute hydrofluoric acid,
hydrogen peroxide, and aquecus ammonia  Indlviduals who perform the spotting
process may be exposed to toxic chemicals through skin or eye contact, or
through inhalation of vapors Use of dilute hydrofluoric acid, which is found
in rust removal spotting agents, poses the greatest risk from acute dermal
exposure, however, many of the chemicale used may cause ocgupational
dermatoses from chronlc exposure to the skin.

Previous studies have shown that inhalation expeosures are minimiged due to the
limited quantities of the chemicals used and the intermittent narure and shorr
duraticn of the task During personal sampling by the Arthur D Little
Company at the International Fabricare Institute’'s Analysis Laboratory'®, PERC
exposures during spotting were many times lower than OSHA standards and some
chemicals being used were below detection limits *° The primary hazard posed
by the majority of chemicals used in the spotting process is skin damage,
reégulting from chronie or acute expasure, or injury to the eyes, however,
chemicals that readily waporize and have a high toxicity can pose a risk from
inhalation Vapor pressure, toxicity, ventilatlon, manner and frequency of
u5e, and air concentratieon should all be considered when assessing the risk
from inhalation
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APPERDIX B
BEAT LOADING

Table 4 Heat Loading (First Floor)

Room Hame Heat Area Fire Load
Content (Sq ft) (Btu/sq ft)
{z10* Btu)

1 Offices 8 900 2,888 9

3 Shirt Presses 2 8% 1584 1,818 2

4 Shirt Laundry 2 88 324 8,888 9

5 Under Construction 6 4 450 14,222

& Chiller 1 e 180 8,888 8§

7 Dry cleaning Roon 78 729 106,995 %

8 Dry cleaninp Press 5 44 1224 4,440 4

9 Tagging 8 720 33,333

10 Clothing sterage 1 3 4 1053 31,718 9

11 Break Room 4 225 17,777 8

12 Glothing Storage II 23 8L0 54,321

Tatal 183 2 8,523 21,484 8

(Basement)

Room Name Heat Area Fire Load
Content

1 Boiler Room None 486 Hone

2 Storage 12 486 24,691

Total 12 972 12,345 &6

Heat of Combustion {approximatre wvalues)

{1} Wood 6000 Btuflbs

{2) Mineral Spirits 20,000 Btu/lbs
(3) Paper 7000 Btuflbs

(4) Garments 8000 Btu/lbs
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Carment Load Czleulatione

10,000 shirtsfweek x 1 wk/7 days x 3 days x 5 1lbsfshirr = 2,143 1lbs of shirts
in the bullding at a time

Unions 60 1b load % 2 machines % 8 loads/day = 960 lbs

Marvel 40 1b leoad x 10 loads/day = 400 1bs
1,360 1ba/day

1,360 lbs/day x 3 days = 4,080 lbs of dry-cleaned clothing in building at a
time

3,500 lbs of smoke damaged items at a time
Distribution

shirts 273 in cloching storage area = 1,450 lhs shirts
1/6 in shirt laundry area = 360 1bs
1/6 in shirt pressing area = 360 lbs

dry cleaning
2{3 in clothing storage ares = 2,720 lbe
1/6 in dry-cleaning room - 680 lbs
1/6 in dry-cleaning press area = 680 lbs
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APPENDIX C
EGRESS CALCULATIONS
TRAVEL DISTANCE

Average Recommended Maximum Travel Distance for an unsprinklered,
high hazard, industrial occupancy 75 ft

Available Maximum Travel Distance
For the first floor Around 30 ft
For the basement Around 25 ft

Observation The available travel distance to an exit is adequate

QCCUPANCT TLOAD

Maximum Allowable Occupancy Load
For Industrisl Qc¢cupancy 100 fr’fperscn

Present Occupancy Load
For the first floor 85,523 f£t?!38 people= 224 ft’/person
For the basement WNone

Observation The present occupancy load 1s adequate.

EXIT CAPACITY

Available exics
First Floor Hine {(Seven with an exit width of 2 5 ft and two with 5 0 fr)
Basement None

Capacity
First floor (7 doors x 30 inches + 2 doors x 60 inches)f 2 = 1,650
Basement None

Actual Occupancy  approximately 38 people

Observation The exiting capacity 1s much greater than reguired by HFPA 101
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APPENBIX D
FIRE EITINGUISHERS

TABLE 5  Fire Extinguishers
Logation Type Capaclty (lbs) Date Inspected
1 2A40BC Halon 13 January 95
2 2A40BC Halon 22 January %5
3 ZA40BC Halon 22 January 95
4 Z&410BC Badger 5 January 95
5 LL10F&0 ABC 5 January 95
& 2440 BC 10 January 95
? 2A40BC Halen 13 January 95
8 10BC Halon 10 January 95
9 LABOEC 10 January %5
10 Badger ZALOBC 3 January 95
11 Amerex 2Al0BC 3 January 95
12 ZAL0BG Stfiire 7 January 95
13 4BC COZ 5 January 95
14 10A60BC 5 January 95
15 2A10BC 18 January 95
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APPENDIX E  RAW AIR SAMPLING AND REAL-TIME DATA
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Table & Arca Sample Concentrations of Perchlorocthylene and Mineral Spirits
Arpa Locacion o=y Tacal PERC FERC FEXC a9 KE ug
(Mg 1} Bampla = L] CEp Eangm = RED Kange
Time Hez ippw) ippm} Mamn {ppml (pm]
{mic} [ppm} (PP}
Table B 1/z% LET &1 T oA 1 9= L] 12 3 k=
12 6 5k
Wanhez 1 1/24 547 68 11 5 2- 23 3 11 21 k-
75 49
Raclainer 2 126 525 Tr 11 IR = mz 16 14 6-
s 6} 5
foice (BO-1b) 3 1724 k151 ik 1 16 16 9- |- 15 10 0-
71 W
Tolen (T9-1b) & [ FR1Y ¥1] 17 8 113 ik &= 111 113 a7~
|3 | e
Fan 5 124 553 1z 8 112 10 3= 74 14 6 1-
16 6 1x 7
Table & 1i25 35 56 1a [ 1 9 & 14 & B-
B & e
Wether 1 [WFH] LY [ ) 13 L 8 3 12 1 0.
F 37 &
Reclaimey 2 1/25 529 11 113 19 Gl Y 1 33 &-
15 3 13% &
Union {80-1lu} 3 1/:3 533 A 2 5 0. s 13 15 9=
17 & 85 2
Union {30-1k} ] 1/2% 3 32 14 1§ L- Ty L] 16 1-
3 2
Fan 5 1713 53% in § 11 4 O- it a 113 8 B-
139 17 2
Table ] Ik a3 93 L & & 3= [T 15 % 1-
1319 B 3
Hanher 3 126 522 13 113 § 5- 511 12 &2 0-
L3 | [ Y]
REeclaimer 2 LIzg 321 1% 3 12z 17 & 5] 2 13 €5 2.
10 & 131 5
Wion (B0-1k) 3 1128 a1z At o 13 i 3- LT ] 14 4 -
170 & [T
Yoloe (70+1b) 3 126 516 54 13 T 8 4 113 19 1-
3 kL
Tan ] Li26 17 211 11 0 9« 17 1 14 14 9=
5 2 MDD
Takle [ L [TL] L 14 13- 1% 2 12 1n &-
12 18 &
Wathyr 1 1523 hEZ JL ] 113 T %= Wi o3 10 41 1
15 ? L
Hoclaimer H 1/z2 LED o 1 113 ¥ i- 550 11 L T
131 75
Unlen {80-1b} 3 1 21} L | 14 9 n- W7 11 9 s
872 473
Union {70-1b} § 178y 60 HAL 17 12 3- F{ X ] 11 %3 5-
74 i1
Fan 5 1/27 [T 16 6 14 % 0. mo 112 16 3=
22 4 i5 3
dehded Undon i Hn 450 e 13 % 3- 13 4 11 4 1-
510 3 &
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DATE TYPE
01/24/95 PERSONAL
01/24/95 PERSONAL
01/24/95 PERSONAL
01/24/95 AREA
01/24/95 AREA
01/24/95 AREA
01/24/95 AREA
01/24/95 AREA
01/24/95 AREA
01/24/95 AREA
01/24/95 PERSONAL
01/24/95 PERSONAL
01/24/95 PERSONAL
01/24/95 AREA
01/24/95 AREA
01/24/95 AREA
01/24/95 AREA
01/24/95 AREA
01/24/95 AREA
01/24/95 AREA
01/24/95 PERSONAL
01/24/95 PERSONAL
01/24/95 PERSONAL
01/24/95 AREA
01/24/95 AREA
01/24/95 AREA
01/24/95 AREA
01/24/95 AREA
01/24/95 AREA
01/24/95 AREA
01/24/95 PERSONAL
01/24/95 PERSONAL
01/24/95 AREA
01/24/95 AREA
01/24/95 AREA
01/24/95 AREA
D1/24/95 AREA
01/24/95 AREA
01/25/95 AREA
01/25/95 AREA
01/25/95 AREA
01/25/85 AREA
01/25/95 AREA
01/25/95 AREA
01/25/95 PERSONAL
01/25/95 PERSONAL
01/25/95 PERSONAL
01/25/95 AREA
01/25/95 AREA

LOCATION

(rrun)
SPOTTER 121 00
OPERATOR 12000
MGRT 13100
MARVEL 12300
HOYT 122 Q0
UNION CORNEF 122 00
UNION FAN 121 00
FAN 12000
TABLE 122 00
OFFGASSING 4800
SPOTTER 12000
OPERATOR 12000
MGRT 128 00
MARVEL 124 00
HOYT 123 00
UNION CORNEF 123 00
UNION FAN 12300
FAN 123 00
TABLE 121 00
OFFGASSING 2700
SFOTTER 146 00
OPERATOR 12200
MGRT 146.00
MARVEL 131 00
HOYT 131 0C
UNION CGRNEF 131 00
UNION FAN 13100
FAN 130 00
TABLE 127 00
OFFGASSING 13100
SPOTTER 92 00
OPERATOR 148 00
MARVEL 16800
HOYT 149.00
UNION CORNEF 167 CO
UNION FAN 148 00
FAN 160 00
TABLE 161 00
MARVEL 123 00
HOYT 143 00
UNION CORNEF 148 00
UNION FAN 154 00
FAN 148 00
TABLE 180 00
OPERATOR 13500
MGR S 13200
LAUNDRY WKR 119 0C
MARVEL 124 00
HOYT 126 00

(ppm)
6 24
20 89
214
6.23
10 52
47 14
15 B4
10 32
193
025
492
14,75
063
618
6 63
17 98
14 39
11 39
2 44
036
5.35
22 97
152
7.32
6 64
16 89
1576
13 61
18 58
0.00
657
1983
7.50
673
4327
27 90
16.59
330
528
16 50
83 14
26,81
18 93
836
16 39
436
869
5 47
11.47

(PPM)
166
a 04
076
183
2 35
385
276
2 33
0 66

~138
159
2 69
—046
182
1.73
289
2 67
243
0 89
102
168
313
0 42
199
1 89
283
276
2 61
292
ERR
188
2 99
202
1.91
377
339
2 81
119
168
2 80
4.42
3,29
204
212
2 80
147
190
1,70
2 44

TIME PERCONC LNPERC MSCONG LNMS

(ppm) (PPM)

10 61 2236
10 70 237
607 180
24,85 321
63 46 415
11,86 2 47
10 44 235
6 28 184
3.51 125
178 058
934 223
10 70 2 37
032 ~1.14
21 36 3 06
16 57 2 81
1110 241
9 28 223
6 29 1.84
387 135
038 -097
9.77 228
1219 2 50
181 060
24 89 3 21
26 44 3.27
84885 230
B 71 216
611 1 B1
337 1 21
0 00 ERR
10 63 236
10 88 2 30
24 11 318
30.08 340
26 84 329
17.80 2.88
1273 254
5.44 1.69
24 85 321
13303 4.80
38 29 365
18 52 2 92
13 22 2 58
10 59 236
1177 2 47
509 163
651 1.87
23 00 314
BS 70 445



DATE TYPE
01/25/95 AREA
01/25/95 AREA
01/25/9% AREA
01/25/95 AREA
01/25/95 PERSONAL
01/25/95 PERSONAL
01/25/95 PERSONAL
01/25/95 AREA
01/25/95 AREA
01/25/95 AREA
01/25/95 AREA
01/25/95 AREA
01/25/95 AREA
01/25/95 PERSONAL
01/25/95 PERSONAL
01/25/95 PERSONAL
01/25/95 AREA
Q01/25/85 AREA
01/25/95 AREA
01/25/95 AREA
01/25/95 AREA
01/25/95 AREA
01/25/95 PERSQONAL
01/25/95 PERSONAL
01/25/95 PERSONAL
01/26/95 AREA
01/26/95 AREA
01/26/05 AREA
01/26/95 AREA
01/26/95 AREA,
01/26/95 AREA
01/26/95 PERSONAL
01/26/95 PERSONAL
01/26/95 PERSONAL
01/26/95 PERSONAL
01/26/95 AREA
01/26/95 AREA
01/26/35 AREA
01/26/95 AREA
01/26/95 AREA
01/26/95 AREA
01/26/85 PERSONAL
041/26/95 PERSONAL
01/26/95 PERSONAL
01/26/95 PERSONAL
01/26/95 AREA
01/26/95 AREA
01/26/95 AREA
01/26/95 AREA

LOCATION
{ran}

UNION CORNEF 124.00
UNION FAN 11800
FAN 127 00
TABLE 126 00
OPERATOR 118 00
MGR S 117 00

LAUNDRY WKR 114 00

MARVEL 12300
HOYT 12200
UNICN CORNEF 122 00
UNION FAN 12200
FAN 12000
TABLE 12000
CPERATOR 13800
MGR S 12200
LAUNDRY WKR 121 00
MARVEL 157 Q0
HOYT 13800
UNION CORNEF 138 00
UNION FAN 136.00
FAN 1300C
TABLE 12900
OPERATOR 114 00
MGR S 77 00
LAUNDRY WKR 119 00
MARVEL 123 00
HOYT 123.00
UNION CORNEF 124 00
UNION FAN 125 00
FAN 124 00
TABLE 127 00
OPERATOR 123 00
MGR S 12300
LAUNDRY WKR 12000
SPOTTER 11800
MARVEL 120 60
HOYT 11800
UNION CORNEF121 CO
UNION FAN 118.00
FAN 122.00
TABLE 12000
CPERATOR 118 00
MGH 8 117.00

LAUNDRY WKR 117 00

SPOTTER 127 00
MARVEL 126 00
HOYT 127 00
UNION CORNEF 128 00
UNION FAN 128 0Q

(ppm)
24 97
16.11
1393

632
12 12
971
5.56
647
7 86
217 57
36.26
1155
455
8.49
943
390
o 39
10 04
58 77
18 43
397
412
5 43
8 00
434
16 78
20.38
142 71
42 47
2378
1393
28 77
17 98
1229
12 50
g 46
18 59
170.62
48 33
2417
11.06
28 74
18.91
7 08
1393
1170
1277
40 32
27.65

(PPM)
322
278
2.63
1.84
2.50
2.27
1.72
1.87
206
538
359
245
151
214
224
136
224
231
£ Q7
29
1.38
141
169
220
1.47
282
ad
4 96
375
317
263
336
289
251
253
225
292
14
3 88
319
2.40
3.36
2.94
185
2863
248
255
370
332

TIME PERCONC LNPERC MSCONC LNMS

(ppm) (FPM)

1584
1010

8 82

6.79

8 683

940

4 65
29 82
33 40
85.17
2004
1018

747

762
14 36

4 88
37 64
3B 39
36 39
22 47
17 24
1679
26 81
34 40
16 62
56 32
132 52
60 80
29 34
1643
1572
28 16
21 53

9 34
1226
42 45
99 3
63 89
28 11
16 08
11 04
24 17
15 67

6.97
15 40
42 04
€578
2865
1910

277
231
218
1982
216
224
1.54
340
351
4 44
300
232
201
203
266
159
3 63
3 66
365
311
285
276
328
3 64
277
403
4 B9
4 11
338
280
276
334
307
223
2.51
a7s
4.60
416
3.37
2.77
2,40
3.19
275
1.94
2.73
3.74
418
336
295



DATE TYPE
01/26/05 AREA
01/26/95 AREA
01/26/05 PERSONAL
01/26/05 PERSONAL
01/26/95 PERSONAL
01/26/95 PERSONAL
01/26/95 AREA
01/26/95 AREA
01/26/95 AREA
01/26/95 AREA
01/26/95 AREA
01/26/95 AREA
01/26/95 PERSONAL
01/26/95 PERSONAL
01/26/85 PERSONAL
01/26/25 PERSONAL
01/27/95 AREA
01/27/95 AREA
01/27/95 AREA
01/27/95 AREA
01/27/95 AREA
01/27/95 AREA
01/27/95 AREA
01/27/95 PERSONAL
01/27/95 PERSONAL
01/27/95 PERSONAL
01/27/95 AREA
01/27/95 AREA
01/27/05 AREA
01/27/95 AREA
01/27/95 AREA
01/27/95 AREA
01/27/95 AREA
01/27/95 PERSONAL
01/27/95 PERSONAL
01/27/95 PERSONAL
01/27/95 AREA
01/27/95 AREA
01/27/95 AREA
01/27/95 AREA
01/27/95 AREA
01/27/95 AREA
01/27/95 AREA
01/27/95 PERSONAL
01/27/95 PERSONAL
01/27/95 PERSONAL
01/27/95 AREA
01/27/95 AREA
01/27/95 AREA

LOCATION

{rmin)
FAN 127 00
TABLE 127 00
OPERATOR 131.00
MGR S 13000

LAUNDRY WKR 118 00

SPOTTER 120 00
MARVEL 153 00
HOYT 15200
UNION CORNEI 144,00
UNION FAN 144 00
FAN 144 00
TABLE 144 00
OPERATOR 124 00
MGR & 12500

LAUNDRY WKR 124 00

SPOTTER 72.00
MARVEL 11400
HOYT 11300
UNION CORNEF112 00
UNION FAN 11200
BEHIND UNION 110 00
FAN 108 00
TABLE 11C.00
OPERATOR 145 G0
SPOTTER 116 00
LAUNDRY WKR 143 00
MARVEL 122 00
HOYT 121 00
UNION CORNEF 122 00
UNION FAN 121 00
BEHIND UNION 123 00
FAN 12100
TABLE 122 0C
OPERATCR 1368 0C
LAUNDRY WKR 138 00
SPOTTER 124.00
MARVEL 122 00
HOYT 123 00
UNION CORNEF 123 00
UNION FAN 123 00
BEHIND UNION 122 00
FAN 124 00
TABLE 123 00
OPERATOR 117 00

LAUNDRY WKR 134 00

SPOTTER 11500
MARVEL 104 00
HOYT 10300

UNION CORNEF 104,00

(Ppm)
20 90

627
26 14
13 61
1075

9 95
15 42
14,55
68 57
27 65
23.55

7.58
36 &7

9 91

773
1229
1203
1305
67 15
47 40
40 22
20 29

6 70
26 44

7 44
10 31

9 31
10 24
29 01
24 37
34 77
1584

5 68
38 47
7 91

9 75
15 71
1175
53 95
35 97
51 98
27 35

B 15
13 86

2 97

410

794

716
49 63

304
1.84
3.34
2.61
237
230
274
2.68
407
332
216
2.03
361
229
2.05
251
248
257
4 21
3 86
3 68
301
1.80
327
201
233
223
233
337
319
3565
276
174
365
207
2.28
275
248
3 98
3.58
385
3
210
263
109
1.41
207
197
380

{(ppm)

14.92

914
26 44
13 48
1658
32 26
67 92
80 43
53 77
38 62
33 98
28 30
&2 58
32 60
21 36
42 45
41 11
77.53
47 30
29 11
33 34
18 32
1241
37 84
27 39
21.37
43 42
62 30
45 09
26 94
36 44
2526
1837
26 58

7.83
13 47
4175
3976
38 76
2816
35 07
21.36
12 42
22 64

623
11 69
43 10
47 48
43 10

TIME PERCONC LNPERC MSCONC LNMS
(PPM)

(PPM)
270
221
327
260
2 81
347
422
4 39
398
368
353
3 34
396
348
306
375
372
435
386
337
3 51
2 91
252
3 64
3 31
306
377
413
3 81
3 29
3 60
323
2 91
328
2 06
260
373
368
368
3.34
356
306
252
312
1,82
2 46
376
386
376



DATE TYPE

01/27/95 AREA
01/27/95 AREA
01/27/95 AREA
01/27/95 AREA

LOCATION TIME PERCONC LNPERC MSCONC LNMS
(ppm} (PPM)

{min)
UNION FAN 104 00
BEHIND UNICN 105 00
FAN 95 0C
TABLE 94 00

(PPm)
1248
2528

900
329

(FPM)
252
323
220
119

23 51
29 11
16 30
1062

318
337
279
236



06/12/95 12 45 59 PM

Multiple range analysie for A1SMPNEW LNPERC by B1SMPNEW LOCATION

------ T e T T T T T e N EL e e e e L e o B e e B R e e o e T T B e MR MR W W W M e e

Msthod 85 Percent LSD

Level Count Average Homogenecus @Groups

OFFGASS] 2 -1 1584840

MGR T 3 0 23198192

TABLE 16 1l 7744152 X

LAUNDRY 11 1.B5%25446 XX

SPOTTER 11 2 0428504 XX

MARVEL 16 2 1835060 XX

M3R & B 2 3648674 XX

HOYT 16 2 3739078 XX

FRN 16 2 7137840 XX

QOPERATOR 15 2.9463737 XX

URION FA 16 3 2185765 XX

BEHIND U 4 3.6055580 p&-4

UNION CO 16 3 5BH1423 X

contrast difference +/- limita
SPOTTER - OPERATOR -0 90352 G 35859 +
SPOTTER - MGR T 1 80383 0 65467 +
SPOTTER - MARVEL -0 140686 0 39360
SPOTTER - REOYT -0 33106 C.39368
EpPOTTER « TNION CORNER -1 24229 0 39368 *
SPOTTER - UNION FAN =1 17673 0 39360 =
SPOTTER - FAN -0 &7082 0 35368 *
SPOTTER -~ TRBLE 0 26844 ¢ 39368
EPQTTER - OFFGEASSING 3 24233 0 77263 *
SPCTTER - MGR B ~0 32202 0 387G3
SEOTTER » LAUNDRY WEKER 0 18021 O 42858
EPOTTER - BEHIND UNION -1 B&311 O 58686 *
OPERATOR - MGR T 2 T0Es55 U 63369 +
OPERATOR - MARVEL G Te2B7 0 36123
CEFERATCR - HOYT 0 57247 0 36123 *
OPERATCR - UNION CORNER -1 03877 0 36123 *
OPERATOR - UNION FAN -0 27320 0 36123
OPERATOR - FAN 0 23259 0 36123
CPERATCR - TABLE 1 17186 0 35123 +
ORPERMTOR -~ OFFGASSING 4 14586 0 75662 *
DPERATOR - MGR S5 ¢ 58151 O 44003 »
DPERATOR - LAINDRY WER 1 05383 D 39899 =
OPERATOR - EBEHIND UNICN -G €5058 D 56561 *
MGE T - MARVEL -1 94369 0D 632317 *
MGR T - HOYT -2 13409 D 63217
MGR T - UNION CORNER -3 74532 0 63237 «
MGR T - UNION FAN -2 8787¢ D E3237 *
MGR T - FAR -2 47296 0 63237 +
MGR T - TABLE ~1 B3460 0 E3237
MGR T - OFFGASSING 1 43830 0 91753 «
MGR T - MGR & -2.12505 0 &80de »
M@R T ~ LAUNDRY WER -1 85273 0 654567 *
MGR T - BERIND UNICHN -3 35614 O 76766 4
MARVEL - HOXYT -0 18040 & 35536
MARVEL - UNIQN CORNER -1.B0164 G 35536 +
MARVEL = TNICH FAN -1 Q36407 Q 35536 ~
MARVEL - FAN -0,53029 0 35536 *

* donotes a statastically sigmificant difference



DE/12/95 12 45 59 PM Page 2

Multaiple range analysis for ALSMPNEW LNPERC by AlSMPNEW LOCATION

T e e A B B e 4R W T e e e TP N AR e e P BN B iR e e e e R e W

Method 85 bercent LSD

Leavel Count hverage Homogeneous Groups

MARVEL - TAELE 0 40809 0 35536 +
MARVEL - OFFGASSING 3 38299 0 75383 ¥
MAEVEL - MGR S -0 18136 D.43E22
MARVEL = LAUNDRY WER o 290326 0.393¢€8
MARVEL - BEHIND UNIOH -1 4224% 0 Sg1B7 *
HOYT - UNICN CORNER -1 61123 0 35536 *
HOYT - UNION FAN -0 B4567 0.35538 *
HOYT = FAN -0 33388 0 3583¢
HOYT -~ TRBLE 0 EQS4% 0D 25536 *
HOYT - DFFEASSING 3 57335 0 95383 *
HOYT = MGE 5 0 00904 0 43522
HOYT - LAUNDRY WER Q0 48136 0 33358 ¢
HOYT = BEHIND UNIOH -1 23208 0 56187 *
UNION CCRNER -~ UNICNHN FAN 0 76857 D 3K535 *
UNION CORNER - FAN 1 27136 0 35536 ¢
UNION CORNER - TABLE 2 21073 0 35536 *
UNION CORNER - OFFGASSING 5 18463 0 75383 *
UNION CORWER - MGE 8 1 62027 0 43522 +*
UNION CORNER - LAUNDRY WER 2 Q9260 O 253&8 +
UNION CORNER - BEHIND UNION 0 37918 0 56187
WICH FAM - FARN 4 50579 o 3553 ¢
UNICH FAN - TABLE 1l 44516 9 35836 *
UNION FAN - OFFGASSTING 4 41506 0,753B3 *
UNION FAN - MGR & 0 85472 0.435322 +
UNICON FAN - LAUNDRY WER 1 32703 O 39368 «*
UNICN FAN - HEHIKND UHNION -0 38638 0 56187
FAN - TABLE 0D 23937 0.35538 *
FAN - OQFFGABSING 3 91327 0 75383 *
FAR - MGR § ¢ 34852 0 43822
FAN - LAUNDRY WXR 0 82124 0 39368
FAN - BEHIND UNION -0 BB2217 0 56187 *
TABLE - OFFGRSEING 2 97330 0 75383 =
TAELE - MER 5 -0 59045 0 43522 +
TABLE - LATNDRY WKR ~0 11813 0,39368
TAELE - BEHIND UNION «1 83154 0 56187 +
OFFEASSING - MGR S -3 56435 0 79461 *
QFFCASESING - LAUNDRY WKR -3 09203 0 77263 +
OFFGASSING - BEHIND UNION -4 80544 0 B7D45 *
MGE 5 - LAUNDRY WKR 0 47232 D 46703 *
MGR 5 - BEHIND UNIOHN -1 24109 0.61550 +
LAUNDRY WKR - BEHIND UNION -1 71341 0.586B6 *

* denoctes a statistically signaficant difference



Dg/f12/95 12 47 20 FPM Page }
Multiple range analys:iz for A1SMPNEW LNMS by A1SMPNEW LOCATION

Methad $5 Percent LSD

Level fount Average Homogenecug Groups

OFFGASSY 2 =0 1582416 X

MGR T 2 Q0 4178167 X

TABLE 16 2.2242710 X

LANINDRY 11 2 2506147 XX

FAN 16 2 8054311 XXX

SBOTTER 11 2 73137555 XX

MGR 5 B 2 74735853 XX

OPERATOR 15 2 Bo09e8BYT XX

UNION FA 16 2 9685381 XX

NION CO 16 31 ¢8072598 X

BEHIND U 4 d 5077289 XXX

MARVEL 16 3 5475586 XEX

HO¥YT 1& 4 0140861 XX

contrast difference +/- limaits
SPOTTER - OPERATOR -0 18717 0 45444
SPOTTER - MGR T 2 3158B 0 74566 *
SPOTTER ~ MARVEL -D B138D 0 44840 *
SPOTTEER - HOYT =1 28030 0 44840 *
SPOTTER - UNION CORNER -0 745583 0 44840 *
SPOTTER ~ UNION FAN -0 23514 o 44840
SPOTTER ~ FAN 0 12436 0 44840
SPOTTER - TABLE 0 50952 0 44840
SPOTTER - DFFGAESING 2 23204 0 SHODZ +
EPOTTER - MGR & -0 01356 0 53195
EPOTTER - LAUNDEY WKR 0 48318 0 4HR1S
SPOTTER - BEHIND UNION -0 77393 D 66843 *
OFERATOR -~ MGR T 2 47305 D 72404 *
OPERATCOR ~ MARVEL -0 B5663 0 41144 ¢+
OPERATOR - HOYT -1 12313 D 41144 *
OFERATOR -~ UNION CORNER -0 58876 0 41144 *
OPERATOR - UNION FAN -0 07797 0 41144
OPERATOR - FAN 0 2B154 D 41144
QPERATOR ~ TABLE 0 66670 0 41144 +
OPERATOR - OFFGASEING 3 0B3921 0 BE1l7S +
QFERRTOR - MGR § 0 14361 0.5012¢
OPERATOR - LAUNDRY WER 0 64035 0.454494
CFERATOR - BEHIND UNION -0 Bl67e 0.64422
MGE T = MARVEL -3 12958 0.72028 *
MGR T - HO¥YT ~3 55418 0.72026 *
MEGR T - UNION CORNER -2 D281 0 72026 *
MER T - UNION FAN ~2.55102 0.72026 *
MEGRE T - FAN -2 19151 0 72026 *
MGR T - TARBLE -1 BOgE3S Q.72Q25 +#
MGR T - QFFGASSING 0 61516 1 04507
MGER T - MGR & -2 32944 O 77504 *
MER T - LAUNDRY WER -1 B3270 O TF&4SEE +
MER T - BEHIND UNION ~3 08981 O B7437 *
MARVEL - HOYT -0 45650 0 40475 *
MARVEL - TNIOHN CORNER 0 D66B7 G 40475
MARVEL - UNION FAN C 57866 0O 40475 =
MARRVEL - FAN 0 53817 D 40475 *

* denctes a statistically significant difference



06/12/95 12 47-20 PM Page 2

Multiple range analysis for A1SMPNEW LNMS by A1SMENEW LOCATION

Method 8% Percent LSD

Level Count Average Homogeneous Groups

MARVEL - TABLE 1.32333 0 40475 *
MARRVEL - OFFGERESTING 3 74584 0 85851 *
MARVEL - MGR 8 D.80024 0 49572 *
MARVEL - LAUNDRY WER 1.25558 O.44940 *
MARVEL - BEHIND UNION 3.03987 0 €3397
HOYT - UNIOH CORNER 0 533137 0.40475 *
HOYT - UNION FAN 1.04516 O 40475 *
HOYT - FAN 1.404868 O 404%5 *
HOYT - TABLE 1.78598% O 40475 *
HOYT ~ OFFGASSING 4 21234 O.85861 *
HOYT - MGR 8 1 26674 D 48572 ¥
HOYT - LAUNDRY WER 1.76348 © 44840
HOYT - BEHIND UHMION 0.50837 0 &£3997
UNICN CORNER - UNION FAN D 51173 0 40475 +
UNICN CORNER - FAN 0 87130 0 4804795 *
UNICK CORNER - TAELE 1 2564¢ 0 40475 *
UNIQON CORNER - OFFGASSING 3.6THS7? 0 B58&1 *
UNION CORMER - MGR S O 73337 D 45572 *
UNTION CORNER -~ LAUNDRY WKR 1 2301z 0 44840 *
UNIOM CORMNER - BEHIND UNMIGON -0 Q2709 9 83657
ONION FAMN - FAN 0 35951 0 40475
UNION FAN - TABLE 0 T4467 0 40475 *
UNION FAN - DFFGASSING 3 16718 ) 85881 «
UNION FAN - MER S 0 22158 0 45572
UNION FAN - LAUNDRY WER D 71A32 0 44E40 *
UNION FAN - BEHIND TNION «D.53875 0 63597
FAN - ThARLE O.3B51E .40495%
FLN - QFFGASSING 2 BOTE7 0 BS5E&1 *
F&N - MGR S -0 13752 0 43572
FLy - LAUNDRY WER 0 35882 U £4840
Fan - BEHIND IRTION -0 BIB30 0.63957 *
TARLE - OFFGRSS5ING 2 42251 0 85851 *
TRBLE - MGR B -0 52308 O 48572 *
TLRELE - LAUNDRY WKR -0 02634 0 44840
TABLE - BEHIND UNION -1 2834¢ 0 62597 *
OFFGASSING - MGR & ~2 94580 0 30506 *
OFFGASSING - LAUNDRY WEKR -2 44BEE 0 88003 *
OFFGASSING - BEHIND UNICN -3.70587 0 99144 +
MGR S - LAUNDRY WEKR 0.49074 ¢.5318%5
MGR 5 - BEHIND UNION -Q TeQav 0.70105 *
LATMDRY WKR -~ BEHIND UKION -1 2%711 0.66843 *

* denotes & statistically significant difference



12/21/95

C1l:41:59 PM

Median

Page 1

Geometric

mean

F R e A e A R R A AR e e EE N A EE R m T EEE - wEE T TEEE EE NS WA E— - & EEAEEm— =SS ENSE R el -

1816.76
1731.24
172.786
124.149

1815.76
1816.93
164.862
24.4084

814.184
1116.71
154.722
125.082

i T T T I . T T R B B I e

Standard

erxror

R e R R A A e e A e omr e om o = S e o om W M T W T O M mm W W M M W MR e B B W BN MM W W T o oE Yt T R R A M g E W OE AR E W R WS R E e ow B e s e e

175.615
246.565
17.€259
32,5984

24 5840
378,286
60.0660
22.47¢8

1817.11
i816.83
304.292
1154.57

e B o o B m o o M T T P W M  E m A moar m oy Er oW M Y W M T M B M SR W O M i o o e M e M M g m M e B MR e U T W M MR EE P W ST M M o am em s e e

Intergmartile

range

. e m e m omoE E m OB oMt R oW oM OEMOE MR T m oW o oW R W R IT oM oOE S = T oo oW om omeom = = om omrt om o= Bk om oy =i e - EOE A WS E - EENREES - - - By — o

1816.76
1816.93
192.722
385,442

722.770
1360.20
85.5712
350,453

-1.48418
-0.85721

0.45067
1.85683

R o A R E o R A oo R o M o R o m o m M A mm o m  oam dm m am g m om om m M o e e B o EE M A o MW M M M M MR e T O M B R TR M T R M e M W B M A =

Standardized
kurtosis

Coefficient
of variaticn

T R i B . B T T I T T .

Sample Average

Jevel gize
«0ad Union ¢#r~) 15 1413.44
-0ad Union (cssres) 7 1317.40
s0ad Marve 17 1€3,.RE54
Jther 79 249,113
Variance Standard
“avel deviation
-0ad Union 462630. £80.163
soad Union 425558, 652,348
-0ad Marve £E283.R4 72.68901
Jther 83955 .2 289,750
Range Lower
-evel quartile
~0ad Unicn 1752 .52 i093.899
-0ad Unaicn 1437.64 456.738
-cad Marve 244.226 102,751
Jther 1132.0Q08 25.5888
Standardized ¥urtosas

—avel skewness
oad Union -2.34672 0.60078
pad Union «Q.5258% -1.43324
-0ad Marve f.7G58E69 -0.520686
_ther F.73766 2.587314

0.47496
-0.77404
-0.43820

5.39415

48.1215%8
49 .8178
42,7957
116.313

21201.¢6
8221.81
2887.51
19679.3

--------------------------------------------------------------------------------
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Tnleoad
Unload
Drher

£2:13:54 PM

Sample
gize

Average

i8.4861
33B.806
2B8.0044

34.7816
316.080
16.1552

34,3782
298.344
14.574¢8

Page 1

Geometric
mean
34,6675
299.428
21.7607

_—— - e . Eem e -
W e e e o o o e e o M e e oy e oy omr o B M e o M e o W W W e e W B e e e o aE N M A W B W W R A S e e e e o - oA om o oaom

Standard
deviation

Standard
error

mEm EE EEaAsEEES T EEReE A EEEERETERE ST E A TSR EAERES SRR SRASrE S E - S AR ESE RS R mSmEmERL e m -

287.518
22805.9
682.420

16,9563
151.016
26.1232

2.86615
27.1233
1,23420

14.3136
41.9684
13.2912

72.7182
741.734
141.534

--------------------------------------------------------------------------------

Interquartile

range

- - - - - - - - ---
== e e e o m e = oo e e e e m o= o= R B . moEm o e momeom o mom e om ki ew o mw om o R ] - LR N LY

Onload
Unload
Cther

58.40486
£99.766
128.242

26,8380
265,332
14.5748

54.9540
434,255
29 .5B8s

28.1160
168.927
35.0138

0.32871
£.506380
2.29640

O A o B R o o BN N i T A N M T T N A e e e e e e o e B e e e B e e B W K om s W W E W EREET®mEAEETE WERwR S - —&EELU_ERL - EL - A - - —E-E»

Standardized
skewness

Standardized
kurtosts

Coefficient
of variatien

e e e i = e = W N M ok W oW E Mmoo oW e m o om v e oW o — o omm o e w ow o WA oy A e o oam oem oak M B M A S E EETT N E T TR E e ey e m ke mm kR == AR

Unload
Unload
Other

0.72634
1.15221
15,8439

-0.98527
0.63167
4.51768

-1.18583
0.71790Q
1%.5186

44.0584
44.5730
©3.2825

1347.01
105032.0
12546.0

--------------------------------------------------------------------------------



03:05:10 M

Page 1
Sample Average Madian Mode Geometric
vel size mean
....................................................................... L e - -
Jload flnw- 60 162.580 156.547 151,182 140.508
1tch_car* 5 104.833 B7.2732 B4.4638 99,6608
>ad funion 12 371.935 2B83.335 298.696 341,975
-ner 118 54.3203 46.5340 0.00000 0.00000
. EorneErTee 16 £23.709 481,320 1816.63 A97.024
ansfer 59. 103.862 103.135 101.601 84,7273
_mp hucket«f M5 7 68.5373 £7.9836 63,3868 68.0295
sad Marvel a9 146.043 124.8€1 121.282 138.396
Variance Standard Standard Minimam Maximum
=wel deviaticn erroxY

load fun 7850.0S 88.&007 11.43B3 37.8209¢ 522.58B4
itch car 1740 .52 41,7185 18.6575 77.2640 178.414
sad funio 24241 .7 158.698 44.9460 177.532 c37.955
~her 900.803 30.013¢ 2.76285 0.00000 182.633
> cornery 320137, 565,808 141,452 78.1420 1816.83
—ansfer 1864.96 4Q.8035 5.31221 25.5600 223.139
amp bucke g1.1781 S.009B09 3.40842 56.8710 75.7472
sad Marve 2672.13 £1.6%27 B,27745 87.0318 302,375
Range Lower Upper Interguartile Skewness

svel quartile quartile range
nload fun 484 . 686 85.7556 214 .495 117.740 1.30651
#itch car 101.146 Ha.,463¢ 96.7EG6 12,2920 2.08270
sad funiro 460.423 234,689 43%.176 204 .48¢ L.4988%
cher 192,633 38.3400 F2.2070 33.8870 1.47513
i cornexrl 1738.79 160.147 735,364 £79.217 1.28268
ransfer 197.579 75 .657& 126,650 50.2922 0.28187
dmp bucke 22.8762 60.1938 79.2360 15.0422 0.12210
pad Marve 215.343 114.381 185.182 70.8012 1.21602
Standardized Kurtosis Standardized Coefficient Sum

_avel skewness kurtosis of variation
nload fun 4.13155 3,.51504 5.55777 54,1635 9814.81
awakteh car 1.90124 4.44265 2.0277D 39,7961 524 .1E6K
-pad funic 0.705854 -0.54082 -0.38242 41_8614 4463 .23
=ther &.54177 4.87351 10.81%26 55.252¢ 6409.80
.4 cornerd 2.04561 0.78661 0.64226 90.7164 5879,3%
~ransfer .883289 0.325E4 0.51042 39.2965 £127.88
zump bucke 0.13188 ~1.63451 -0.88274 13,1480 479.761
-oad Marve 2.10025 1.23368 1.57264 35,3956 5695.60

________________________________________________________________________________
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Average

180.626
148.551
98,9737

161.552
148.031
89.3804

142,938

Page 1

Geometric

1E88.185
145.587
95.8403

--------------------------------------------------------------------------------

Standaxd

deviatrion

W ar w w m m R A m m R E W OE W OE N RS T W W B S S BN R S e o B oem B e owroam o mr o ko mmode o mh A B M BN EE B M A e s S m e R A A m W R e =aweow W OB

109.6592
30.2401
27,2492

Standard
error

23.9369
§.55883
3.60925

81.89256
105.008
68.8352

563.325
191.931
198.428

WA m o W W B W s o W E M ke B B S sk B M M M e e Rk e e e e o sk ik e e e A e sk e e e e et B W s m e W W W W R W AR R R e wom o

Upper
guartile

Intercuartile

range

W R A o B e ol e o owom A m o omom o R o W OB R S e W R W o e e o W M ki e B M e e e e o W o oo W Bowm ol B e o TRl om o u de e R e e oo oW =

95.52684
1158.881
78,4932

215,812
178.585
111,330

120.286
£5.7040
32.8372

2.25844
~0.04418
1.41543

W OB M A e om M ok o e o o B M M w om e o B e e e e e e odk e o e o W M m e e e M R e W W W B M e e e mm e e ME M em e e o oam M em m mm m w  e  W E W g o W W

Standardized
kurtosis

Coefficient
of variation

m w m oE s o m oL m EeEmoEmoE EmeoE ™ EoEoEEOmOET™ ™ EoW WO A ™ W OWEE A= RN E A - o— = & EE S W A S W OEEE A S A W W OEEE A o= N EE Ao B = o — =

Sample
Lavel gize
corner linf A 21
fan lint teeg 21
cther 57
Variance

Level
corner lin 12032.4
fan lint ¢ 914,465
other 742,521
Range

Level
corner lan 481 .495
fan lint t E6.9220
other 129.553
Standardized
Level skewness
torner lan 4.22515
fan lint t ~-0.08266
other 4.3749%

b.87417
-1.64857
2.16543

6.430159
-1.54209
3.33715

60.7292
20.3512
27.5318

3783.14
3120.41
5641 .50

________________________________________________________________________________
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A odn e B o o o B omom o owm omrome Somom BB S o R e m o E W A - B A E T W M M e mEmom B W

"ilter mai
jther

itrap cUni
.trap flUni

08:44:27 AM

Sample
size

Average

653.713
689.414

94,995

44 .4268
€85.894
583.616

Mode

B4.9904
40.38380
676.938
547.345

Page 1

Geometric
meail

o N W W T R W M MmN T o B o W o o ok m o — e =

114,159
70.3B78
567.017
585.447

-------------------------------------------------------------------------------

Standard
deviation

Standard
error

- em Ak m s MW o WA omomr A o— @ e — — oam T — - W B M E W M M T M EM B W M M W W MM W W W W T o oy dm o Ak B A MR W o o M A A W Mo M R o o o om o om e m =

Filter mai
ther

3trap cUni
ltrap £Una

15038.1
8547 .51
78916.23
152167.

122.630
92.4528
280.920
390.085

10.0801
4.49521
5g.5760
87.2287

136.090
242 .504

£73.250
824.618
1018.66
1437.64

--------------------------------------------------------------------------------

Upper
quartile

Intergquartile

range

--------------------------------------------------------------------------------

Filter mal
Other

Brtrap clUni
ltrap fUna

631.803
788.620
BB2 566
118%5.13

76.0348
40,3880
439,527
365.511

leB.488
i28.012
Bed.303
1034.37

92,4534
87.6244
424 .776
668.860C

2.21823
3.07387
-0.65663
0.58051

--------------------------------------------------------------------------------

Standardazed
skewness

Standardized
kurtosis

Coeffaicient
of variation

o M E o W N o e e ke m e e o ogm o m m oW R M M o mm e e e W MR W T O W W T W M M M M M M M M M M e e e e my o e omm Y T W M A M e M A B W S - W M WM M W om

Filter mai
Other

Btrap clni
ltrap £Una

11.0168
25.8070
~1.28561
1.05987

4.90519
15,2093
-0.75023
-0.95664

12.1809
E3.B51S
-0.73444
-0.87328

84.62323
97.3974
42.9731
56.5821

21447.1
40152.5
i5035.4
13788.3
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Open Union
Unioad Uni
End Unload
Clgse Unio
Other
Open Hoyt
Unload Hoy
BEnd Unload
Clgse Heoyt
Open Marve
Transfer
Close Marv

12:38:456 PM

Sample
Bize

Average

85,3416
112.625
22B.017
249.703
32.7337
21,2148
34.3550
30.0330
25,9434
20.9166
83.7832
74.7630

32.5738
118.706
228.017
245,703
24,3459
21.2148
32.1417
30.1608
25,9434
21.3426
74,2518
74.7630

31,7836
116.247
259.010
24%9.703
20.3202
22.2372
31.0554
27.8604
25.9434
19.8090
€8.1174
74.7630

Page 1

Geometric

mean

53.5820
$4.9232
225,900
249.703
29.1120
21,1901
33.1006
28,8832
25.%434
20.9024
75.3221
74.76320
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Standard
daviation

Standard

error
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Open Unaon
Unioad Uni
End Unload
Close Unac
Dther

Open Hoyt
Unlead Hoy
End Unload
Close Hovt
Cpen Marve
Transfer
Close Marv

11249.4
37%98.61
1921.18
0.00000
386.855
2.050€0
101.023
4.45887
0.000CO0
0.93642
1642.63
0.00000

106.063
61.632%
43,8313
0.00000
15,6686
1.44589
10.0510
2.11160Q
0.00000
0.96769
40.5254
0.0C000

53,0315
11,8613
30.82934
0.00000
1.12072
1.02240
2.14285%
1.21913
0.00000
D.5586%9
7.27230
0.00G00

31.7836
38.1052
157.023
249,703
ig8.e588
20.1824
21.55882
27.8604
25,5434
1%.8080
32.0778
74,7630

244,435
249.17¢
259.01¢0
249.703
155.406
22,2372
5B.7880
32.0778
25.5434
21.5982
186.332
74.7630
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--------------------------------------------------------------------------------

Open Union
Tnload Una
End Unlopad
Close Unio
Other

Cpen Hoyt
Unload Hoy
Engd Unlead
Clese Hoyt
Open Marve
Transfexr
Close Marv

212.652
211.071
€1L.98&5B
0.00000
136.747
2.04280
37.1898
4.21740
0.0Q000
1.78820
154,255
0.00000

32.0470
44.07586
197.023
249.703
20.5758
20.1824
28.6272
27.8604
25.9434
15,8090
58.921589
74.7630

138.636
162.430
25%.010
243,703
34.0664
22,2372
38.595¢6
32.0778
25.9434
21,5982
©8.4060
74.7630

106.589
118.354
61.9BsB
0.00000
13.4506
2.04480
9.95840
4.21740
0.00000
1.78520
35,4502
0.C0000

1.9989990
¢.38027
0.00000
0.000400
2.45238
0.00000
1.13025
-0.27135
0.00000
-1.58710
1.09701
0.00000
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12:38:45 PM

Page .
Standardized FRurtosis Standardized Coefficient Sun
skewness kurtosis of variation .

Open Union l.63291 3.58967 1.632886 124,281 341.366
Unload Una 0.7¢6424 -0.T2534 -0.7¢6934 54.7241 a040.87
End Unload 0.40400 0.00000 0.00000 16 . 2228 456,033
Close Unio 0.30000 Q.00000 0.00000 0.00000 24%9._703
Other 17.5707%7 7.15%60 25.6483 60.08B65 i1008z2.cC
Open Hoyt 0.00000 0.00000 D.00000 £.81549 42 . 429€
Unlcoad Hoy 2.16427% 1.2057%7 1.154424 29 .25E58 7E5.805
End Unload -0.19188 0.00000 0.00000 7.03094 50.095¢C
Close Hayt Q.6000Q0 ¢.00000 0.00000 0.00000 25.9434
Open Marve -1.125832 0.00000 0.00000C 4,62640 62.749¢E
Transfter 2.49353 D.78452 0.89162 48.3742 2597 .ZE
Close Marv 0.000Q0 0.00000 0.00000Q 0.00000 74.763C

--------------------------------------------------------------------------------



.2/16/88 08:40:58 aM

ariable: BOYTOG.ppm
ample zsize 2835,
Verage 2,745454
wedian 1.00882
iode 0.3834
seometric mean 1.30689
ariance 17.€4529
.tandard deviation ,4.201106
-tandard erxrror 0.078846
% nimom 0.25586
Eyimam 21.342¢
ange 2£1.087
-ower guartile 0.5112
.Dper quartile 2.4921
-aterquartile range 1.9808
Xewnesg 2.657048
-tandardized skewness 57.79716
dArtesis 6.964402

tandardized kurtosis MR.7T46211
oeff, of variataion 153.,020455
.am 7794.34308
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02/15/95 08:42:30 AM

Variable UFANOG.ppm
Sample size 4210.
Average 2.17608
Median 0.945
Made 0.6
Gecmetric mean 1.254172
Variance 11.9255801
Standard deviation 3.453332
Standard error 0.053223
Minimum 0.345
Maximum 20.1
rRange 18,758
Lewer guartile 0.6
Upper quartile 1,84%
Interguartile range 1.245
Skewness 3.462418
Standardized skevness 91.718956
Kurtosis 12.213439
Standardaized kurtosis 1€1.760837
Coeff. of variation 158.68511

Sum 9161.285
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02/16/95 08:10:35 AM

Variable:
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1593,

Sample size

Average

Median

Mode

Geometric mean
Variance

Standard deviation
Standard error
Minimum

Mazmum

Range

Lower quartile

Upper quartile
Interguartile range
Skawnesgs

Standardized skewness
Kurtogais

Standardized kurtosis
Coeff. of variation
Sum

0.773982
£.525
0.45
0.6358061
0.312256
0.558835
0.014002
0"3
2.52
2.22
0.45
0.31%5
0.465
1.7129131
27.8510463
2.04561%¢
l6.665832
72.201555

1232.97

----------------------------------------------------------------------
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