This Survey Report and any recommendations made herein are for the specific facility evaluated and may not be universally applicable. Any
recommendations made are not to be considered as final statements of NIOSH policy or of any agency or individual involved. Additional NIOSH
Survey Reports are available at http://www.cdc.gov/niosh/surveyreports.

IN-DEPTH SURVEY REPORT:

COMPARISON OF PERCHLOROETHYLENE EXPOSURES BEFORE
AND AFTER THE INSTALLATION OF LOCAL EXHAUST
VENTILATION AT A COMMERCIAL DRY CLEANERS

at

Drycleaning Plus
Cincinnati, Ohio

REPORT ON TASK 2
INTERAGENCY AGREEMENT BETWEEN OSHA AND NIOSH
PERCHLOROETHYLENE IN DRY CLEANING SHOPS

REPORT WRITTEN BY:
David A. Mariow

REPORT DATE:
February 2000

Report No.
ECTB: 240-13

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service
Centers for Disease Control and Prevention
National Institute for Occupational Safety and Health
Division of Physical Sciences and Engineering
4676 Columbia Parkway, RS
Cincinnati, Ohio 45226


http://www.cdc.gov/niosh/surveyreports

PLANT SURVEYED

SIC CODE

SURVEY DATES

SURVEYS CONDUCTED BY

EMPLOYER REPRESENTATIVES

EMPLOYEE REPRESENTATIVES

MANUSCRIPT PREPARED BY

n

Drycleaning Plus
8711 Fields-Ertel Road

Cincinnati, Oluo 45249
7216

August 25-28, 1998
September 8-11, 1998
January 23-29, 1999
February 1-5, 1999

David A Matlow
G Edward Burroughs, Ph D, CTH
R Leroy Mrckelsen M S, PE

Jan Holtzclaw, President
Carol Strecker, Vice-President

Nane

Juanita Nelson
Bemice L. Clark



ACKNOWLEDGMENTS

Bob Hughes and Dan Watkins, NIOSH, for ventilation design and consultation  Young Hee
Yoon, Data Chem, for analytical support

m



Figure 1
Figure 2
Figure 3A
Figure 3B
Frgure 3C
Figure 3D
Figure 4
Figure 5
Figure 6
Figure 7
Figurc 8
Figure 9
Figure 10

Figure 11

Frgure 12

Figure 13

Figure 14

LIST OF FIGURES
Photograph of the Front of Drycleaning Plus
General Shop Layout
Front View Diagram of the Local Exhaust Vennlation System
Side View Diagram of the Local Exhaust Venulation System
Top View Dnagram of the Local Exhanst Ventilation System
Side View Diagram of Quiside Exhaust Stack
Front View Photograph of the Local Exhaust Ventilahion System
S1de View Photograph of the Local Exhaust Ventilahon System
Ouiside Exhaust Stack View Photograph of the Local Exhaust Ventilation System
Real-Time Perchlorocthylene Air Concentrations vs Time of Day, August 25, 1998
Real-Time Perchloroethylene Air Concentrations vs Time of Day, August 26, 1993
Real-Time Perchloreethylene Air Concentrations vs Time of Day, August 27, 1998
Real-Time Perchleroethylene Air Concentrations va Time of Day, August 28, 1998

Real-Tmme Perchlorocthylene Air Concentrations veé Time of Day, September 8,
1998

Real-Time Perchloroethylene Air Concentrations vs Time of Day, September 9,
1998

Real-Time Perchloroethylene Awr Concentrations vs Time of Day, September 10,
1998

Real-Time Perchlorosthylene Air Concentrations ve Time of Day, September 11,
1998

v



Table 1

Table 2

Table 3

Table 4

Table 5
Table &
Table 7
Table 8
Table 9
Table 10
Table 11
Table 12

Table 13

Table 14

Table 15

Table 16

LIST OF TABLES

Perchloroethylene Worker and Area Atr Exposure Concentrations Prior to Local
Exhaust Ventilatron Installation

Perchloroethylene Worker and Area Air Exposure Concentrations Afier to Local
Exhaust Ventilation Installatton

Comparison of Charcaal Tube Mean Perchloroethylene Air Concentratton Before
and After Installation of Local Exbaust Ventilahion System

Companson of Passive Samplmg Badges Mean Perchloroethylene Air
Concentration Before and After Installation of Local Exhaust Ventilation System

Real-Time Perchloroethylene Awr Concentrations, August 25, 1998
Real-Time Perchiloroethylene Au Concentrations, August 26, 1998
Real-Tune Perchloroethylene Awr Concentrations, August 27, 1998
Real-Time Perchloroethylene Air Concentrations, August 28, 1998
Real-Tune Perchloreoethylene Air Concentrations, September 8,1998
Real-Time Perchloroethylene Air Concentrations, September 3, 1998
Real-Time Perchloroethylene Air Concentrations, September 10, 1998
Real-Time Perchloroethylene Air Concentrahions, September 11, 1998

Perchlorosthylene Worker and Area Aswr Exposure Conceniration with the Loeal
Exhauvst Ventilation System Operating

Perchloroethylene Worker and Area Air Exposure Concentration with the Local
Exhaust Ventilation System Not Operating

Statistical Comparison of Charcoal Tube Mean Perchloroethylene Air
Concentrations with the Local Exhaust Ventilabion System Operating and Not

Operating

Statistical Comparison of Passive Samphng Badges Mean Perchioroethylene At
Concentratrons with the Local Exhaust Ventilation System Opcrating and Not

Operating



Table 17 Summary of Real-Tune Perchloroethylenc Air Concentrations, January 25-29 and
February 1-5, 1999

Table 18  Statistical Companson of Short-Term Exposure Limtt Real-Time Perchlorogthylene
Asr Concentrations with the Local Exhaust Ventilation System Operating and Not

Operating



DISCLAIMER

Mennon of company names or products does nof constitute endorsement by the Centers for
Disease Control and Prevention {CDC)

Y1l



EXECUTIVE SUMMARY

In Scptember 1998, 2 local exhaust ventilation (LEV) system was nstalled on a dry-to-dry
¢leaning machine with a refmgerated condenser and activated charcoal filters In thus study, a dry
cleaning store was selected that had a siglec maching that was at least 10 vears old, aLEV
system was installed at a cost of approximately $2,500, and the reduction of exposures to
perchloroethylenc (PERC) to the employees was assessed Thus task was complcted as a parl of
ant Interagency Agreement between NIOSH and OSHA

Full-shift time weighted average (TWA), short duration ceiling, and 15 minute short-term
exposure level (STEL) PERC exposure concentrations were measured for the workers at the stare
and 1n select areas 1 the store  PERC exposures were assessed before and after the LEV syslem
was installed and with and without the LEV sysiem operating  Comparisons were made to
dctermine to what extent PERC exposures were reduced wath the addition of the LEY system

PERC TWA concentration data gathered for the dry cleaning machine operator before the LEV
gystermn was installed showed a mean conceniration of 4 69 parts per miilion (ppm) PERC data
gathered for the dry cleaning machine operator after the LEV system was installed was 3 mean
concentration of 2 97 ppm  All other workers working 11 the dry cleaning store had personal
breatiung zone PERC concentratiens less than 1 0 ppm both before and after the LEV system was
mstalled The percent reduction 1n the machine operator’s PERC exposure with the installation
of the LEV system was detenmmed 1o be 37 percent, which was statistically ssgnsficant at

90 percent confidence {a = 0 10} General ventilabion condibions were different for the before
and after LEV mstallation sampling sessions The temperatures were 1n the 90's °F and all the
doors and windows were open and all the exhaust fans were operating when the air samples were
collected before LEV was installed Temperatures were mn the 70's °F and some of the doors
were kept closed and the exhaust fan in the wall behind the dry ¢leaning machime was off when
the air samples were collected after LEV was installed Becausce of the differences in general
ventilanon conditicns for the before and afier LEV 1nstailation sampling sessions, a second round
of samples were collecled m the winter months when the building was more closed up  The
temperatures for the two weeks of samphing (one week with the LEV operating and one week
with the LEV not operating) m the winter months were 1n the 40's °F, the doors to the store were
kept closed and the exhaust fan m the wall betund the dry cleaning machine was nol operated
The mean PERC TWA concentration measured for the dry cleaning machine operator with the
LEV system operating and not operating were 4 76 and 8 56 ppm, respectively  The percent
reduction 1 the machine operator’s PERC exposure with the LEV system operaling was
determuned to be 44 percent This reduction n the dry cleaning maching operator’s cxposure to
PERC was found to be statistically szgmficant at 95 percent confidence (a = 0 05)

The range of PERC STELs measured dunng the tasks of loading and unloading the dry eleaning
machine before the LEV system was nstailed was 0 5 to 24 6 ppm, with a mean STEL
concentration of 6 28 ppm  The maximum instantaneous ceiling PERC concentration measured
before the LEV systern was installed was greater than 2000 ppm  The range of PERC STELs
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measured during the tasks of loading and unloadmg the dry cleamng machine after the LEV
system was mstalled was 0 6 to 12 9 ppm, with a mean PERC STEL concentration of 3 75 ppm
The maximum mstantaneous celling PERC ¢oncentration measured after the LEV system was
installed was 1207 ppm  The percent reduction in mean PERC STEL concentration between
before and afier installation of the LEV systen was determined to be 40 3 percent, which was
statistically sigmficant at 90 percent confidence (e =0 10) The range of PERC STELs measured
during the week in the wmter when the LEV system operated was 0 85 to 26 8 ppm, with a mean
STEL concentration of 3 48 ppm  The maximum mstantangous celling PERC concentration
measured durmg this time was 810 ppm  The rangc of PERC STEL measured dunng the week 1n
the winter when the LEV systom was not operating was ¢ 47 to 27 0 ppm, with a mean STEL
concentration of 5 83 ppm  The maximum instantaneous celfing PERC concentratton measured
during this time was 873 ppm  The percent reduction (n mean PERC STEL concentrations
between LEV operating and not operating was dctermmed to be 40 3 percent, which was
statistically significant at 90 pereent confidence (e =0 10)

The LEV system installed demonstrated that a simpic mexpensive system can be mstalled that
will signuficantly reduce worker exposure to PERC fumes while loading and unloading cloths
from a drv cleaning machine



INTRODUCTION

The National Institute for Occupational Safety and Health (NIOSH), a Federal agency located 1n
the Centers for Disease Conltrol and Prevention under the Department of Health and Human
Services, was established by the Gceupational Safety and Health Act of 1970 Thus legislation
mandated NIOSH to conduct rescarch and educational programs separate from the standard
setting and enforcement functions conducted by the Occupational Safety and Health
Admamistranon (QSHA) i the Department of Labor An important arca of NIOSH research
deals with metheds for controlling eccupational exposure to potential chemical and physical
hazards

The Engineering Control Technology Branch (ECTB) of the Division of Physical Sciences and
Engineening (DPSE), has the lead within NIOSH {0 study and devclop engineenng controls and
assess thewr impact on reducing occupational liness  Singe 1976, ECTB has conducted a large
number of studies to evaluate engincennyg control technology based upon industry, process, or
control technique The objective of each of these studics has been to document and evaluate
contral technmques and to determune their effectiveness tn reducing potential health hazards m an
mdustry or at specific processes Information on effective control strategies 18 subsequently
published and distributed throughout the affected industry and to the eccupational safety and
health commumity

This study was conducted to determune the extent of exposure and to gather control and
operational information to assist m determuning technological feastbility of controlling worker
exposure 1o PERC OSHA funded this study under an interagcncy agreement attached as
Appendix A to this document

The stedy set up under the mteragency agreement was designed to derermine both 1) the extent
of exposure of cmployees, and, 2) the exient of use of control techneloyy m small and mediam
sized dry cleaning estabhishments The results of the study provide OSHA wath data to bhe
utihized in determiming technoiogical feasitlity of contralhng waorker ¢xposure to PERC
Descnibed 1n a separate report, dry cleaning plants were selected and data collecied to
characienze worker exposure levels and centrol technology for “fourth generation” closed-loop,
dry-to-dry machines (with an integrated, in-line refngeration condenser and a carbon absorber to
recover PERC vapors during the dry cycle), and “fifth generation” machines, having the same
features as fourth generation machines, plus an internal momtor/interlock systern to prevent door
opeming at PERC concentrations above a sct concentration

Thus report describes task two of that study, 1n which a local exhaust ventilation (LEV) system
was nstalled on a dry-to-dry machine with refrigerated condenser, to measure 1ts effectiveness to
reduce exposure to PERC  Prior to the installation of the LEV system, personal breathing zone
and area aur samples were collected to determime the extent of exposure to PERC Next, a
coniractor was hired lo fabricate and install a LEV system using a design developed by NIOSH
rescarchers Finally, personal breathing zone and area air samples were collected to determine



the extent of worker exposure to PERC after the LEV system was mstalled The data collected
beforc and after mnstallation of the LEV system was then compared to determine to what extent
warkers’ exposures to PERC mn the dry-cleaning mdustry can be reduced by the installation of
LEV te existing equipment [n addition to the air samples collected, real time PERC
concenirafions were measured during loading and unloading of cloths mto the dry clearng
machine and dunng the cleaning of the lint and butron traps using a photoronization detector

SHOP DESCRIPTION

The Drycleaning Plus store 1s located in a small strtp mall m suburban Cincinnati and began
opcranions i December 1986  Located on either side of the store are a sandwich shop and a shoe
store, as shown 1 Figure 1 The general shop layout 1s shown in Figure 2 The shop had one set
of doors for customer entrance 1n the front of the store and one other door i the back of the store
used by the employees and delivery people The ceiling of the store was approximately 18 feet
high Fimished clothing was stored on an overhead conveyor located on the lefl side of the store
Pressing of sharts was done m the front nght side of the store near windows which were opencd
during the day for general ventilation when weather permitted  Pressing of garments was also
done 1n the middle of the store  The dry cleaming machine was located 1n the ruddle of the store
along the back wall A wall exhaust fan was located behind the dry ¢leaning machme Located
near the back right side of the store were three wet washing machines which were nsed primanly
to wash shirts  There were two ceiling exhaust fans, one located 1n the ceiling 1n the nuddle of
the store and the other located m the ceiling above the washing machines In a separate room 1n
the rear nght hand side of the store was the boiler toom

MACHINE DESCRIPTION

There was one dry cleaning machine at this store It was a Suprcma Speedomatic 50, Suprema
Dry Clearung Division, Bologna, Italy The dry cleaming machine had a 50 pound load capacity
and was twelve yoars old The machine was a dry-to-dry machine with refngeration PERC vapor
recovery, activgted charceal filters, and a dishllatton punfication system The store was open
from 7 00 am to 7 00 p m on Monday through Saturday

PROCESS DESCRIPTION

Clothes were brought to the store and to the customer counter The clothes were tagged and
sotted mto dry cleaning and water washing loads Prior to being loaded into the dry cleaning
machine, clothes were nspected and sorted according to weight, color, and fimish  Clothes with
visible, locahzed stains were treated at the spotting station, which was located directly i front of
the dry cleamng machine The store manager (also the vice-president) operated the machine and
petformed any spottmg that was necessary The clothing was weighed 1n a basket prior to
loadng into the machine The store cleaned between 600 and 700 pounds of clothes per week

A lead of clothing weighed between 5 to 45 pounds, and four to seven loads were cleaned per
day The weight of every load was logged onio a daily record  Clothes were washed in PERC,
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the PERC was extracted, and the clothes were tumbled dry  The clothes were removed from the
machine, pressed, bagged, and tagged

EVALUATION CRITERIA

The current Occupational Safety and Health Admimistration {OSHA) perpnssible exposure lint
(PEL) for PERC 1s 100 ppm for an eight-hour ime weighed average (TWA) The acceptahle
cealing concentration ts 200 ppm for five miutes 1n any three-hour penod, not ta exceed a
maximum peak of 300 ppm ' OSHA had lowered the PEL (o 25 ppm TWA 1 1989 under the
Air Contarminants Standard * In July 1992, howevecr, the 11" Ciremit Court of Appeals vacaled
this standard QSHA 1s currently enforcing the 100 ppm TWA standard, however, some states
operating their own OSHA-approved safety and health programs continue Lo cnforce the lower
limit of 25 ppm  OSHA continues to encourage emplevers to follow the 25 ppm liut °

NIOSH constders PERC to be a potential occupational carcinogen and recommends minimmzing
workplace concentrations and linnting the number of workers exposed *

The Amencan Cenference of Governmental Industnnal Hygienists (ACGIH) has a threshold Jimit
value (TLV) of 25 ppm for an eight-hour workday, and short-tetm exposure hmit (STEL) of
100 ppm as a 15-minute TWA exposure * The ACGIH Chemical Substance TLV Commuitce
classifies PERC as a confirmed ammal carcinogen with unknown relevance to humans

METHODOLOGY
INDUSTRIAL HYGIENE SAMPLING

Industnal hygiene air sarapling was conducted to avaluate the extent of exposure of workers at
Drycleamng Plus to PERC and to measure te what extent the addition of a LEV to the dry
cleanmg machine reduces worker exposure to PERC  Personal breatiung zone and area air
samples were collected using 100 mg/50 mg coconut shell charcoal tubes connected by tubing to
personal air sampling pumps, which were calibrated for an air flow rate of 0 10 liters of air per
munute (LPM) Personal breathing zone and area air samples were also collected using

575 Senes Passive Sampling momdors contaimng 350 milligrams of charcoal and manufactured
by SKC, Inc, Eighty Four, PA

The charcoal tubes were analyzed by gas chromatography {GC) according to NIOSH Manual of
Analytical Methods {NMAM) 4® edihon method 1003 with modifications ¢ Samples were
desorbed for 30 minutes 1t 1 0 muthhiter (ML) of carbon dsuifidc containing 0 5 mucroliters per
mulhiliter benzene as an internal standard They were analyzed using a Hewlett-Packard Model
5890A GC cquipped with a 30-meter by 0 32 millimeter diameter fused sihea capillary coated
intemally with O 5 mictometer of DB-wax The GC oven was held at 55°C for 6 0 minutes, and
a flame wnizaton detector was used



The SKC passive monitor samples were analyzed by GC accordmg to NMAM 4™ edinon method
1003 with medification Samples were desorbed for one-hour 1n 2 0 mulhliters of carbon
disulfide contaiming 0 5 microliters per milliliter n-hexane as an internal standard, and analyzed
using a Hewlett-Packard Model 58%0I0A gas chromatograph equipped with a 30-meter by

0 32-mulhimeter diameter fused silica capallary coated internally with ¢ 5 micrometer of DB-wax,
under 1sathermal oven conditiong of 54°C with a retention tume of 10 5 munutes and flamc
1on1zation detection

Industrral hygiene air sampling for PERC concenirations at Drycleamng Plus was conducted n
two phases Phase I sampling was done 1n the summer during the week before the LEV system
was 1nstalled and dunng the week aftcr the LEV system was installed  Phase IT sampling was
done m the winter when the store was more closed up and there was less natural ventilation
Sampling was done one week with the system on and one week with the system off rather than
tuming the systcm on or off randomly because the number of dry cleaming loads vaned with the
day of the wcek, with more loads ran on Monday and fewer loads ran on Friday

REAL-TIME MONITORING

Real-ttme monitoning was used to study how specific manual tasks and maintenance operations
affect warker exposure (0 PERC Some of these procedures occurred frequently throughout the
day, such as loading/unloading the machine, while others, such as cleamng the lint and button
traps, occurred less often  Most tasks took between 1 and 30 minutes  Real-time momitoring of
PERC exposures was performed using a Photovac 2020™ Photoionization Air Monitor
(Photovac, Inc , Markham, Ontario, Canada) with a 10 6 eV ultraviolet [amp  This instrument
uses a photolonization detector to provide an analog oulput tesponsc proportional to the
concentration of 1omzable pollutants present in the air The 2020™ was cahibrated for PERC
before and after a shift using a gas PERC standard of 198 ppim from Scott Speciality Gas (Troy,
MI} The 2020™ electronically recorded the mstrument readings m 15 seconds merements
Following the cnd of a shift the data were downloaded to a computer file for analysis

RESULTS AND DISCUSSION
Phase | (August/September 1998)

A LEV system was mstalled at Drycleaming Plus on September 1, 1998, by Spring Grove Sheet
Metal Company, Cincinnati, Ohio  Figure 3A through 3D shows the front, side, top, and exhaust
stack side views of the LEV system, respectively, and Figures 4, 5, and 6 show a front view, a
sidc view, and outsrde cxhaust stack photographs of the LEV system, respectively The cost of
fabrication, nstallation, and electnical winng of {he systern was $2,560 The system exhausted
awr from n front of the dry cleamng machine door only when the door was opencd



Before Local Exhaust Ventilation Installation

Prior to the 1nstallation of the LEV system, on August 25-28, 1998, personal breathing zone and
area air samples were collected and analyzed for PERC A total of 27 charcoal tube and 27
passive momtor badge samples were collected These results are listed m Table | Nineteen of
the charcoal tubcs and 19 of the badges were personal breathing zone samples coliecied on six
workers, and eight of the charcoals and eight of the badge samples were area air samples
collected in two locations  Four charcoal tubes and four badge personal breathing zone air
samples were collected on the dry cleanmg machine operator (DP-01) The mean charcoal tube
PERC concentration for the machine operator was 4 7 parts per milhon (ppm) wath & standard
deviation of 1 8 ppm  The mean badge PERC concentration for the machine operator was

4 0 ppm with a standard deviation of | 5 ppm

Five other workers worked at this dry cleaning store and were assigned worker ID numbers
DP-02 through DP-06 Their work activities mvolved washing shirts, pressing clothes, baggmg
clothes, and waiting on customers at the counter The overall mean PERC charcoal tube
conceniration for workers DP-02 throngh DP-06 was 0 4 ppm and the overall mean badge PERC
concentration was 0 5 ppm with individual results shown 1n Table 1 Area air samples were
collected 1n two locations 1n the store, on top of the dry cleaning machine {DA—01) and in the
mddle of the store (DA-02), as shown in Figure 2 The mean charcoal tubec PERC
concenirations for arcas DA—01 and DA-02 were 1 7 and 0 5 ppm, respectively The mean
badge PERC concentrations for areas DA—01 and DA-02 were 1 7 and 0 6 ppm, respectively
Dunng these four days of air samphing for PERC, the outsidc temperature averaged in the mad
$0's °F and ali deors and windows were opened and ceiling and wall fans were operating the
cntire day

After Local Exhaust Ventilation Installation

After the LEV system was installed, air sampling for PERC was repeated 1n the same manner as
before the mastallation  Asr sampling was done on Sepiember 8-11, 1998 A total of 55 charcoal
tube and badge samples were collected and analyzed for PERC These results are shown 1n
Table 2 On the last day of sampling, September 11, 1999, the distillation unit on the dry
cleaning mactune developed a leak and PERC poured out of the still an to the flaor  As a result
of this spill, sampic results were all very high in concentration and atyprcai  Therefore, means
and standard deviations were calculated without using thus day’s data  Four charcoal tubes and
four badge personal breathing zone air samples were collected on the dry cleaming machine
operator, but only the first three days were used to calculate the mean valucs The mean charcoal
tube PERC concentration for the machine operator was 3 0 ppm with a standard deviation of
05ppm The mean badge PERC concentration for the machine operator was 3 1 ppm with a
standard deviation of 0 5 ppm

Four other workers were sampled duning this sampling session, DP-02, -03, -04, and -05 The
overall mean PERC charcoal tube concentration for workers DP-02 through DP-05 was 0 6 ppm



and the overall mean badge PERC concentration was 0 6 ppm with individual results shown in
Table 2

Area air samples were collccled again m the same two locations in the store, one on top of the
dry cleantng machine {DA-01) and one m the middle of the store {DA-02), as shown n Fagure 2
The mean charcoal tube PERC concentrations for argas DA-01 and DA-0Z were 1 5 and 0 7 ppm,
respectively The mean badge PERC concentrations for areas DA-01 and DA-02 were 1 3 and

6 ppm, respectively During these four days of air sampling for PERC, thc outside temperaturc
averaged in the nad 70's °F and the doors and windows were not opetied and ¢erling and wall
fans were not operating the cntire day Instead, the doors and windows were opened later in the
day as the storc heated up Similarly, the ceihing fans and the wall fan behind the dry cleaning
machine were turned on later in the day when the store heated up

Phase | Comparison

Companseons were made between the mean PERC charcoal tube data collected before and after
the installation of the LEV system These results are shown in Table 3 The percent diffcrence
between the pre- and post-installation mean PERC charcoal tube concentration for the dry
cleaner machine operator was 36 7 percent  Statistical examination of the percent difference
results for both the personal breathing zone and area PERC air samples using Student’s t test
showed the percent difference for the dry cleaning mactiune operator was statstically sigmificant
at 90 percent confidence (u - 0 10) None of the other differences were statistically sygmuficant at
30 percent confidence (o = (0 10)

The badge momtoring data gave similar results with a percent differcnce between the pre- and
post-installation mean PERC badge concentration for the dry cleaning machine operator being
23 8 percent, as shown 1n Table 4 Thys difference was not found to be stanstically sigrificant at
90 percent confidence {a - 0 10} The percent difference found for the area air sample collecied
on top of the dry cleamng machine was 20 6 percent, which was found to be statistically
significant at 90 percent confidence  All other worker and one of the area PERC air sample
differences were not statistically sigmificant at 9¢ percent confidence

Real-Time Results

Real-time PERC air momtoning was also done dunng the pre- and post-installation of the LEV
system sampling dates Shown in Tables 5-12 are the data for the eight days of samplmg  Real-
time PERC concentrations were measured dunng loading and unloading the dry cleanmg
machine and dunng the cleaning of the lint and button traps  The results were downloaded from
the Photavac to a computer daily data are shown n Tables 5-12 for the penods August 25-28 and
September 8-11, 1998 In cach of these tables, for each 15-seconds, the fallowing information
was recorded  the mimmum PERC concentration, the average PERC concentration, and the
maximum PERC concentration



For each task where the PERC concentrahions were measured a 15-minute short-term exposure
level {STEL) was calculated by using the average PERC concentration for each of the 15-second
penods recorded and ¢ 5 ppm PERC concentration for the remainder of the 15-mnute tme
pertod The 0 5 ppm PERC concentration was used because this wag the background
conceniratton measured n the store away from the dry cleaning machine

Along with cach table hsting real-time PERC concentrations, 2 graph was constructed plotting
sampling me verses PERC conceniration for the mmimum PERC concentration, average PERC
concentration, and maximum PERC concentration These graphs are shown in Figures 7-14

The highest PERC STEL concentrations were measured during the loading of the first load of the
day and during the cleaning of the lint and bution traps  The mean STEL PERC concentrations
measured for the first load of the day before the LEV system was insialled was 20 5 ppm, and
after the LEV system was mstalled was 4 5 ppm  After thc LEV was 1nstalled, the mean STEL
PERC concentration was reduced by 78 percent, which was statistically sigm ficant at 99 percent
confidence (.= 0 01)

Phase Il (January/February 1999)

Examination of the worker’s mean PERC exposure concentrations shows that three of the
workers” exposure concentrations to PERC increased for the second week of sampling after the
LEV gystem was mmstalled when compared to the first week cxposure PERC concentrations One
explanation for the increase mn exposure to PERC was the fact that the natural ventilation rate for
the store was greater dunng the first weck of sampling because the doors and windows were
always open and the wall and cetling fans operated the entire ime  This was not the case dunng
the second week of sampling  If the reduced natural ventilauon rates of the second week of
samphng significantly mcreased worker exposures 1o PERC, then the 37 percent reduction seen
1n the machine operator’s exposure concentration to PERC with the addition of the LEV system
may be an underestimate of 1ts effectiveness To examine this hypothesis, a second set of
samples were collected in the winter ime when the store was more closed Personal breathing
zone and area air samples wete collected January 25-29 and February 1-5, 1999 Samples
cellected January 25-29 were collected with the LEV system turned on Samples collectcd
February 1-5 were collected with the LEV system turned off As was the case with the first
samphng sessions, PERC air samples were collected usmg charcoal tubes attached to personal arr
sampling pumps and passive badge momtors

A perscnal breathing zone air sample was collected on the dry eleamng machine operator For
comparison reasons two passive badge samplers were placed on the left and right lapel, and the
charcoal tube was placed on the night lapel of the dry cleaming machine operator The other
workers at the store were not samples duning phase II because durmng phase I the PERC
concentration for these workers were all less than 1 0 ppm and did not change much whether the
LEV system was or was not operating  Area air samples were collected in four locations for each
day of sampling These locaiicns were on top of the dry cleamng machine (I3A-01), 1n the
ruddle of the store {DA-02), 1n front of the dry cleaning machine on the spotiing table (DA-03),



and n the froni of the store on the tagging counter (DA-04) On each day of samphng, at each
location, a charcoat tube and badge sample were collected

Local Exhaust Ventilation Operating

Table 13 shows sample results collected January 25-29, 1999, with the LEV system operating A
total of five charcoal tubes and ten badge samples were collected on the dry ¢lcaning machine
operator (DP-01) The PERC concentrations measured on January 28 were 4 to 12 times greater
than the PERC concentrations measured on the other days of the weck when the LEV system was
operated The PERC concentrations were gher because the distillation unit on the dry cleaming
machinc was 1n operation and the distillation unit had a leak in one of 1t pipes, causing the high
PERC air concentrations  As a result of this increased PERC exposure due to the leak 1n the
distillation unit, mean PERC coucentrations reported in Table 13 were calculated without using
January 28 results

The mean PERC charcoal tube concentration for the machine operator was 4 8 ppm with a
standard deviation of 1 8 ppm  The mean PERC passive badge concentration for the machine
operator was 4 8 ppm with a standard deviation of 2 2 ppm  The overall mean PERC charcoal
tube conceniranon results for area samples was 1 8 ppm  The overall mean areg PERC passive
badge concentration resulis with the LEV operating was 1 8 ppm  The temperature for the five
days of sampling averaged m the low to mid 40's with the hurmidity less than 50 percent Durnng
the week, no doors were kept open and the wall fan hehind the dry cleaning machine was never
operated The two ceilling fans were on part of the time and windows 1 the front of the store
neat the shirt pressing operations were opened part of the trme

Local Exhaust Ventilation Not Operating

Table 14 shows resulis of the samples collected February 1-5, 1999, wiih the LEV not operating
A total of five charcoal tubes and ten badge samples were collected on the machine operator
(DP-01} The PERC concentrations measured on February 3, 1999 werce two to four times
greater than the PERC concentrations measured on the other days of the week The reason for
the higher PERC concentrations on this day was because the distillation wait on the dry cleaning
machine was 1n operation, and the leak had not been fixed As a result of this increased PERC
expesure due to the operation of the distillation umt, mean PERC concentrations reported 1n
Table 14 were calculated without using February 3, 1999, results

The mean PERC charcoal tube concentration for the machine operator was 8 5 ppm with a
standard deviation of 1 2 ppm The mean PERC passive badge concentration for the machme
operator was 8 7 ppm with a standard deviation of 2 2 ppm  The charcoal tube overall mean
PERC concentration for the four area air samples was 2 8 ppm  The passive badge mean PERC
concentrations for the four area air samples was 3 2 ppm  Conditions during the week were
temperatures in the low to mid 40% and hurmdity below 40 percent Dunng the week, no doors
were kept open and the wall fan behind the dry cleamng machine was never operated The two




ceilling fans were on part of the tune and windows in the froat of the store near the shurt pressing
operaltons were opened part of the time  These weather conditrons and windows, doors, and fan
conditions were sitlar to those conditions observed during the first week of samphng when the
LEV system was m operation

Phase Il Comparison

Cormpansons of charcoal tube regults for phase II are shown in Table 15 Examining the mean
charceal tube PERC concentrations for the dry clearming machine operator yields a 44 percent
reduction m PERC exposures when the LEV system was operating Statistical examination c¢f
the petcent difference result for the machine opcrator was statistically significant at 95 percent
confidence (o = (1 05) The percent difference found m the area air samples collected on top of
the dry cleaning machine and 1n the muddle of the store were found to be statistically sigmficant
at 99 percent and 90 percent confidence, respectively

Similarly, a 45 percent reduction 1n the machine operator’s PERC cxposure 18 scen with passive
badges when the LEV systern was in operation  Thys difference 1s statically sigmficant al

95 percent conlidence {w =0 05) Thc percent difference found 1n the area air samples collected
on top of the dry ¢leaming machine and 1n the middle of the stere were found to be statistically
sigmificant at 99 percent and 90 percent confidence, respectively These results are histed 1n
Table 16

Badge samples were collected on the left and night lapels of the machine operator to evaluate1f
there were any differences in PERC exposure due o placement When the machine operator
loaded and unloaded clothes from the dry cleaning machine, the lelt lapel badge was closer to the
tnachine than the nght side lapcl badge samples Usmg badge tapel PERC concentration data
shown 1n Tables 13 and 14, the corrclation beiwecn the left and nght resubts was a R* = 0 9853 or
very good correlatton  The mean PERC concentration for the badges collected on the left lapel
was 9 2 ppm with a standard deviation of 6 0 ppm, while the mean PERC concentration for the
right side was 9 6 ppm with a standard deviation of 6 5 ppm  Four of the left lapel badge sample
PERC concentrations were greater than the nght, while five of the nght lapel samples were
greater than the left One of the sample sets was equal  There 1s no sigmificant difference
between the nght and left placement of the badge samples

Real-me PERC concentrations were also measured durng loading and unloading the dry
cleaning machine and during cleaning the lint and buiton traps durmg phase I A summary of
these data are listed 1n Table 17 The 15-minute STELs shown mn Table 17 were calculated usimg
the mean PERC concentration times the amount of time to perform the task plus an assume
background PERC concentration of 0 5 ppm for the remainder of the 15-nunute time penod
During the week when the LEV system was operating (Tanuary 25-29, 1999), the highest STEL
PERC concentration of 31 4 ppm was measured during cleamng the Iint and button traps on
January 29, 1999 The largest unloading STEL PERC concentration of 26 8 ppm was measured
dunng unloading drapes on January 29, 1999, with the maximum PERC concentration of



810 ppm measured during thes task  Durning the week when the LEV systent was not operating
(February 1-5, 1999), the highest STEL PERC conceniration of 27 0 ppm was measured during
unloading third load and leading fourth load on February 3, 1999 A STEL PERC concentration
of 22 6 ppm was measured dunng cleamng the hint and button traps on Febryary 1, 1999 A
maximum PERC concentrabion of 873 ppm was measured duning the loading of the first load on
February 5, 1999

For comparison purpose, the STEL concentrations determined for the tasks and histed in Table 17
were summanzed by task descrniptions and are shown in Table 18 Mean STEL PERC
concentrations were calculated for the task descriptions clean lint and button traps, load the first
load, unload first load and load second load, elc for the days when the LEV was operating and
for days when 1t was not

Charcoal tubes and passive badge momitors were collected together in pairs for personal
breathing zone and area air samples  Compansons between charceal tube and passive badge
momtor PERC concentration pairs was conducted Compansen of charcoal tube to pussive
badge momtor PERC results for all the pairs gave a correlatton coefficient R =098 and a

t =278 This shows that there i1s a very high linear correlation between the tube and badge data
Cntical t for this sample set 15 2 79 at 99 percent confidence, since 27 8 > 2 79 there 1s a lincar
correlation at 99 percent confidence

CONCLUSIONS AND RECOMMENDATIONS

During the summer months, the dry cleaning machine operator’s {DP-01} average exposure (o
PERC based on personal breathing zone samples was reduced 37 percent when companng PERC
concentrations measured before and after the instaliation of a LEV system  This reduction was
statistically ssgnificant at 90 percent confidence Three of the other workers personal breathing
zone mean PERC concentration exposures mcreased after the LEV system was 1nstalled
indicating that the amount of general ventilation of the store may have caused an underestimation
of the controls effectiveness, thus, the reduction 1n the machine operator’s exposure may have
been greater than 37 percent A second set of PERC air samples was collected during the wmnter
months when the store was more closed and general ventilation of the siore was imited

Samples were collected for five days with the LEV system on and five days with the LEV system
off The results from this second set of samples showed that the machtne operator’s personal
breathing zone mean PERC concentration was reduced by 44 percent with the usc of the LEV
system This reduction i exposure lo PERC for the machine operator was statistically
signtficant at 95 percent confidence The overall conclusion that can be made from this study 1s
that, with the addition of LEV, the machine operators’ exposure to PERC can be reduced
approximately 40 percent

The second set of PERC sampling results showed that for the days when the distillation unit on

the dry cleanung machine was 1n operation, PERC exposure concentrations were much greater
than days when the unit was not operating On days when the distillation unit was ¢perating,
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opetator exposures were either four times higher (LEV on) or twice as lagh (LEVY off) compared
to the days when the distitler was not operating  These results led to the discovery of a lcak 1n
the distrllation systcm which was later fixed Routine monitoring can asgist in the location and
correcnon of leaks

The passive badge and charcoal tube PERC sample result pairs had a very igh comrelation
coefficient of R* = 0 98, indicating good agreement between the two sampling methods The use
of passive badges provides a more economical method for PERC air sampling, requiring no
mani¢nance, and no possimlity for mechanmical pump fallure Placement of the badge on the
right or lcft lapel appcears to not have any effect on the result

11
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Figure 1
Photograph of the Front of Drycleaning Plus
Cincinnati, Ohio

P e am ——— L - w3 padis

13



Figure 2
General Shop Layout
Drycleaning Plus
Cincinnati, Ohio
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Figure 3A
Front View Diagram of Local Exhaust Ventilation Systern
Dryclearung Plus, Inc
Cincinnatr, Ohio
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Figure 3B
Side View Diagram of Local Exhaust Ventilation System
Drycleaning Plus, Ine
Cincimnaty, Ohio
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Figure 3C
Top View Diagram of Local Exhavst Ventilatron System
Drycleaning Plus, Tne
{mcinnaty, Ohto
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Figure 3D
Siwde View Dhagram of Qutside Exhaust Stack
Drycleaning Plus, Inc
Cincinmati, Oho
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Figure 4
Front View Photograph of the Local Exhaust Ventilation System
Drycleaning Plus, Inc
Cincinnati, Qhio
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Figure 5
Side View Photograph of the Local Exhaust Ventilation Systern
Drycleaning Plus, Inc
Cin¢innati, Qhio
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Figure 6
Outside Stack View Photegraph of the Local Exhaust Ventilation System
Drycleaning Plus, Inc
Cincmnati, Ohio
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Perchloroethylene Worker and Area Air Exposure Concentrations

Tabhle 1

Prnior to Local Exhaust Ventilation Installation
Drycleamng Plus
Cincinnati, Qhio

August 25-28, 1998

Mcan Mean
Worker or PERC PERC PERC PERC
Arca Samplmg Conc  Cone Cone Cone
Sample  ID Time  {(ppm) (ppm} (ppm)  (ppm)
Date  Number Job Description (mmn) {(wbe} (badge) (tube) (badge)
08/25/98 DP-01 Operate dry cleaning machine 277 298 243 4 69 404
08/26/98 DP-01 Operate dry cleaning machime 283 730 606 (849 (3D
N8/27/98 DP-01 Operate dey cleaning machine 315 4 31 399
08/28/98 DP-01 Operate dry cleaming machine 287 4 16 366
08/25/98 DP-02 Pressing 351 035 042 029 036
08/26/98 DP-02 Pressing 337 ols o2 (0@ O
08/27/98 DP-02 Pressing 336 019 023
08/28/98 DP-02 Pressing 274 043 054
(8/25/98 DP-03 Bagging shiris 314 0 66 065 058 067
08/26/98 DP-03 Baggng shus 281 o018 oz7 (04D (036
08/27/98 DP-03 Bagging shirts 221 029 028
08/28/98 DP-03 Baggng shirts 287 11§ 1 47

PERC = Perchleroethylene = tetrachloroethylene

tube = chareoal tube sampler collected using an air samphng purtp

badge = passive air sampling badge contaning chareoal 575 Senes by SKC Inc
1D = wlentfication
NA =not available
ppm1 = parts PERC per tmlhion parts awr
( ) = numbers 1n parenthesis are the standard deviation for the mean value above 1t
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Perchloreethylene Worker and Arca Air Exposure Concentrations

Table 1 (

con’t )

Priar to Local Exhaust Ventilaton Installation

Drycleam

ng Plus

Cincinnatt, Ohto

August 25-28, 1998

Mean Mean
Worker or PERC PERC  PERC PERC
Arca Sampling Conec  Cone Conc Conc
Sample ID Tume  (ppm) (ppm) (ppm) {(ppm)
Date Number Job Description (mmm) (tube) (badge) (lube) (badge}
08/25/98 DP-04 Pressing 350 088 093 062 066
0%/26/08 DP-04 Pressing 40 019 o34 4D (032
08/27/98 DP-04 Pressing 324 037 042
08/28/98 DP-04 Pressing 296 105 093
08/25/98 DP-05 Pressing 329 038 045 029 036
08/26/98 DP-05 Prcssing 340 020 022
(08/27/98  DP-D§  Pressing 311 012 048 12 048
08/25/98 DA-01 Ontop of dry cleaning machine 349 194 193 171 165
08/26/98 DA-01 Ontop of dry cleaning machine 336 154 133 (033) (027)
08/27/98 DA-01 Ontop of dry cleaning machine 344 133 153
08/28/98 DA-01 On top of dry cleaning machine 292 202 1 80
08/25/98 DA-02 Innuddle of reom 345 073 072 {52 056
08/26/98 DA-02 In middle of room 3138 o0g o @4 (046
08/27/98 DA-02 Inmmuddle of room 346 026 024
08/28/98 DA-02 Inmuddle of room 292 1M 114

PERC = Perchloroethylene = tewwachloroethylens
tube = ¢harcoal tabe sarmipler collected using an air sampling pump

badge = passive aw sampling badge containing charcoal 575 Sencs by SKC Inc

ID = dentificaton
NA = not available
ppm = parts PERC per mllon parts aw
() = numbers 1n parenthesis are the standard deviation for the mean value above it
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Table 2
Perchloreethylene Worker and Area Air Exposure Concentrations

Afler Local Exhaust Ventilation [nstallation
Drycleaning Plus

Cinginnat, Ohio

September 8-11, 1998

Worker Mean Mean
or PERC PERC PERC PERC
Area Sampling Conc  Conc Conc Conc
Sample D Time  (ppm) (ppm)  (ppm)  (ppm)
Date  Number Job Description (mmn} (tube) (badge) (tube) (badge)
09/08/98 DP-01  Opcrate dry cleaning machine 348 347 328 297 310
09/09/98 DP-01 Operate dry cleamng machine 397 253 253 (047) (051
09/10/98 DP-01 Operate dry cleaning machine 392 290 330
09/11/98  DP-01  Operate dry cleamng machine 312 4 00 4 03
09/08/98 DP-02 Pressing 334 038 038 044 043
09/09/98 DP-02 Pressing 183 0390 o4g L0 (010)
09/10/98 DP-0)2 Pressing 381 054 057
09/11/98  DP-02  Pressmg 337 5 30 6 45
09/08/98 DP-03 Bagging shirts 270 (} 43 (042 057 063
09/09/98 DP-03 Baggng shirts 373 055 o0sg (015 (023)
09/10/98 DP-03 Bagging shirts 326 072 088
09/11/98  DP-03  Baggng shurts 285 145 156

PERC = Perchlorcethylene = tetrachloroethylene

tube = charceal tube sampler coliected using an air sampling purnp

hadge = passive air sampling badge contammng charcoat 575 Senes by SKC Inc
1D = wdentification
MNA = nat available
ppm = parts PERC per mlhon parts air
( ) = numbers 1n parenthesis are the standard deviahon for the mean value above 1t
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Table 2 (cont’d )
Perchioroethylene Worker and Area Air Exposure Concentrations
After Local Exhaust Ventilation Installation

Drycleamng Plus
Cincinnati, Ohio
Worker Mcan Mean
or PERC PERC PERC PERC
Artea Samplng Conc Conc Conc Conc
Sample D Time  (ppm) (ppm)  (ppm) (ppm}
Date  Number Job Description {mn ) {tube) {badpge} (tube) (badge)
09/08/98 DP-04 Pressing 342 {60 (74 080 089
_ {0 23) (017)
09/09/98 DP-04 Pressing 39] 075 085
09/10/98 DP-G4 Pressing 381 105 108
09/11/98 DP-04 Precssing 208 144 142
09/08/98 DP-05 Pressing 288 23 032 040 ¢ 44
021 017
09/09/98 DP-05 Pressing 375 ¢33 037 021 ©@17)
09/10/98 DP-05 Pressing 397 063 0563
09/11/98 DP-05  Pressing 343 1 8 00
09/08/98 DA-01  On top of dry ¢leaming machine 338 135 118 1 46 131
09/09/98 DA-01 Ontop of dry cleaning machme 397 1 67 153 (0 18) (021)

09/10/98 DA-01 On top of dry cleaning machine 398 137 121
09/11/98 DA-01 On top of dry cleamng machine 337 416 475

(9/08/98 DA-02 Inmddle of room 338 048 047 065 064
09/09/98 DA-02 Inmuddle of room 399 NA 072 (014)
09/10/98 DA-02 TInmuddle of room 396 082 072
09/11/98 DA-02  Inmuddle of room 343 473 5 00

PERC = Perchlomelhylene = tetrachlorocthylene

the = charcoal tube sampler collected using an are samphing purmg

badge = passive air sampling badge contamnmg charcoal 575 Senes by SKC Ine
1D = wentfication

NA = not available

ppm = parts PERC per rmllion parts air

{ } = numbers 1 parenthesis are the standard deviation for the mean value above 1t
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Table 3
Comparison of Charcoal Tubc Mean Perchlorocthylene Awr Concentrations
Before and After Installation of Local Exhaust Ventilation System
Drycleaning Plus
Cincmanat1, Ohio
August 25-28 and September 8-11, 1998

Worker Pre-Installation  Post-Installation Cnticalt Crmcalt
ar Tube Mean Tube Mean %% Daiference at at
Area PERC Conc PERC Conc (Pre-Post){100)(Pre} i 90% 95%
ID Number (ppm) (ppm) (%) value Confidence Confidence
DP-01 469 297 367 1 55 148 202
Bp-02 029 0 a4 W -1 76 1 48 202
DP-03 058 057 172 002 148 202
DP-(4 062 0 80 -290 -0 &7 1 48 202
DP-0O5 029 0 40 -379 062 164 235
DA-01 171 146 146 134 148 202
DA-(2 Q52 065 -250 -0 62 153 213

[} = identification
PERC = Perchloroethylene = tetrachloroethylenc
ppm = parts PERC per mullion parts air
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Tabie 4
Comparison of Passive Sampling Badge Mean Perchloroethylenc Air Concentrations
Before and After Installation of Local Exhaust Ventilation System
Drycleaning Plus
Cincinnat, Ohio
Angust 25-28, and September 8-11, 1998

Woarker Pre-Instatlahon  Post-Installation Cntical t Cntical t
or Badge Mean Badge Mean % Dafference at at
Area PERC Cone PERC Conc {Pre-Past)(100)/(Pre) t 90% 95%
ID Number {ppm)} {ppm) (%e) value Confidence Conhdence
DP-01 407 310 23 8 101 148 202
DR-(2 0136 048 -333 07 148 202
DP-03 067 063 597 G oo 148 202
DP-04 0 66 (} 89 -348 -123 148 202
DP-05 037 044 -189 -052 164 235
DA-0] 1 65 131 206 175 1 48 202
DA-02 (36 064 -143 -030 148 202

Iy = wdentification
PERC =Perchloreethylene = tetrachlorocthylene
ppm = paris PERC per nullion parts air
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Table 5
Real-Time Perchioroethyiene Air Concenirations

Drycleamng Plus
Cmemnnaty, Ohuo
August 25, 1998

Time Min Aveg Max STEL  Descnption of Task or Event
7 40 53 0 175 677 32 Unloadimg 1* load (30 1b)
74108 677 103 172 Loading 2™ load (45 1b )
74123 5 24 9 B85S
741 38 4 73 138
741 53 28 10 4 346
82759 0 0 02 46  Unloading 2" load
82814 0 0 a1 Loading 3™ load (25 1b)
82829 0 360 182
8 28 44 619 8952 182
82839 279 509 ERV
82014 247 453 829
829 29 51 18 8 381
82944 18 55 107
829 59 22 38 75
83014 05 14 27
83029 01 08 14
92210 0 522 188 56 Unloading 3* load
92225 543 107 154 Loadimg 4" load (10 1b)
9 22 40 7 287 98 8
92255 14 29 7
92310 01 14 2R
92325 0 0 02
923 55 0 01 09
92410 0 47 578
92425 0 115 221
9 24 40 49 1 51
101504 O 0 05 31 Unloading 4" load
101519 0 59 8 190 Loading 5™ load (10 1b )
101534 02 519 96 5
101549 146 58 193
01604 03 02 1
110628 0 153 721 18  Unloading 5™ load
11 06 43 0 183 721 Loading 6™ load {10 1b )
11 06 58 0 44 318
110713 0 412 154
11 07 28 0 0 1
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Figure 7
Real-Time Perchloroctirylene Air Concenirations vs Time of Day
Diyeleaming Plus, Inc
Ciaemnati, Ohio
August 25,1998
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Table 6
Real-Time Perchloroethylene Air Concentrations
Drycleaninyg Plus
Cincinnat, Ohio
August 26, 1998

Time Min Avg Max STEL Description of Task or Event

6 38 38 0 24 34 238 Loading 19 lpad (30 1b )
6 38 53 24 25 29

6 39 0 17 19 24

03923 15 16 17

6 39 38 12 13 15

63953 1 11 12

64008 03y 08 1

64023 06 a6 08

6 40 38 05 05 a7

6 40 53 06 71% 1874

04108 475 224 6406
64123 429 281 476
641 38 362 110 155

64153 209 445 75

64208 95 16 1 252

731 01 0 09 67 55  Unloading 1% load
73116 © 693 164 Loading 2™ Load (25 1b)

73131 724 13% 250
7 31 46 25 414 182

73201 17 522 165

73216 0 03 17

73231 0 0 0

822 57 0 06 42 93 Unloaing 2™ load
82312 0 34 398 Loading 3" load (30 1b)

82327 398 137 204
82342 159 924 228
82357 647 223 341
82412 17 763 306

8 24 27 0 02 17
8 24 42 0 0 0

8 24 57 0 0 0

101025 0 272 o8 4 09  Unloadmng 3" load
101040 O 02 17 Loadmg 4% load (51b )
101055 0 0 0
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Table 6 (cont’d)
Real-Time Perchlorosthylene Air Concentrations

Drycleamnyg Plus
Cincmnaty, Ohio
August 26, 1998

Time Mtn Avg Max STEL Descnption of Task or Event
10 17 25 0 92 377 32  Unloading 4" load
101740 O 129 421 Loading 5™ load (10 1b )
101755 15 45 5 163
101810 14 15 163
101825 08 17 4
10 18 40 0 01 2
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Prac Cont {ppen}

Figure B
Real-Time Perchlorcethylene Arr Concentrations vs Time of Day
Dryclearung Plus
Cinennati, Ohio
August 26, 1998
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Table 7

Real-Tune Perchloroethylene Awr Cancentrations
Dryclcamng Plus
Cimcinnati, Oho
August 27, 1998

Time Min Avg Max STEL  Description of Task or Event
6 40 03 0 121 155 24 6 Loadmng 17 load (40 1b )
G40 18 155 1233 2000
640 33 195G 205 007
73051 D 11 87 4 4 Unloadimg 1* load
73106 0 67 2 342 Loading 2™ load (30 1b )
73121 26 542 342
7 31 36 2 106 199
73151 63 127 203
7 32 06 38 329 351
73221 03 58 147
73236 63 473 164
732 51 26 9 467
733 06 0 11 32
81922 0 3 167 1 6 Unloading 2™ Joad
81937 149 303 43 Loading 3™ load (30 1b )
81952 108 26 420
82007 0 58 268
82022 0 26 29
g 2037 0 04 87
10 02 25 02 2 41 0 9 Unloading 3™ |cad
10 02 40 23 228 52 Loading 4™ load (5 1b)
10 02 55 5 31 7
10 03 10 0 1 24
10 51 ¢7 0 8 215 9 7 Uploadmg 4™ load
10 51 22 0 1 16 8 Loading 5" load (10 1b )
10 53 22 0 62 277 {leaning lint and button traps
1053 37 43 727 173
10 53 52 289 397 69 7
10 54 47 14 1 %9 314
10 54 22 132 227 381
10 54 37 192 675 153
10 54 52 103 32 725
10 55 7 13 68 13 5
10 55 22 07 39 231
10 55 37 0 0 07
10 56 52 0 07 29
10 37 07 0 0 0
11 47 29 0 02 23 0 5 Unload 5™ load
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Perc Conc {ppm)

Figure 9
Real-Time Perchloroethylene Air Concentrations vs Time of Day
Dry¢leaning Plus
Cincinnah, Ohio
August 27, 1998
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Table 8

Real-Time Perchloroethylene Air Concentrations
Drycleaning Plus

Cincinnaty, Ohio

August 28, 1998

Time Min Avg Max STEL __ Description of Task or Event
64505 0 23 32 13 2 Cleanimg lint and button trap
6 45 20 23 142 386
6 45 35 83 29 78
6 45 50 38 87 135
0 46 035 01 243 519
6 40 20 31 91 21
6 46 35 84 188 313
6 46 50 38 213 90 8
6 47 05 502 200 463
647 20 152 297 395
6 47 35 46 4 107 255
& 47 30 66 334 712
048 05 66 128 411 7 3 Loading 1% load (20 b )
648 20 152 63 4 133
6 48 35 192 371 501
6 48 50 19 282 401
6 49 (5 228 632 156
6 49 20 346 429 48 2
649 35 8 29 45 8
6 49 50 36 73 121
6 50 05 36 57 9
65020 11 43 96
635035 0 3 72
74311 0 28 109 1 5 Unloadmg 1* load
7 43 41 92 333 738 Loadmg 2" load (40 It )
743 41 71 209 347
74411 0 6 193
744 11 0 21 153
744 26 0 0 0
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Table R (cont’d)
Real-Time Perchlorocthylene Air Concentrauons
Drycleaning Plus
Cincimnaty, Ohio
August 28, 1598

Time Min Avg Max STEL Descnpiton of Task or Event
8 49 50 0 536 193 13 4 Unloading 2™ load

8 50 05 63 174 260 Loading 3 load (5 Th )
83020 98 458 124

8 50 35 29 BG4 342

8 50 50 735 187 801

85103 674 125 176

85120 29 42 6 674

§ 5135 85 412 561

g 51 50 O 143 47

85205 0 £ 24 3

249 36 0 23 232 0 7 Unloading 3™ load

9 49 51 39 102 232
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Parc Cone {ppm}

Figurc 10
Real-Time Perchloroethylene Air Concenirations vs Time of Day
Drycleamng Plus
Cinemnnaty, Ohio
August 28, 1998
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Table 9

Real-Time Perchlorogthylene Air Concentrations
Drycleaning Plus

Cimcinnaty, Ohto
September 8, 1998

Time Min Avp Max STEL Description of Task or Event
63041 00 16 4 08 1 6 9 Loading 1¥ toad (30 1h)
6 30 56 20 637 1400
63111 710 1650 3150
63126 372 08 8 15370
031 41 20 265 48 7
631 56 14 05 114
63211 00 102 375
63226 34 26 38
63241 G0 02 07
6 32 50 00 04 10
72243 00 72 119 3 5 Unloadng 1* load
72258 17 312 814 Loading 2™ load (25 1b)
72313 310 712 1790
72328 146 566 1790
72343 i1 29 222
72358 03 12 22
72413 g0 25 130
724 28 54 38 574
7 24 43 00 24 69
7 24 58 14 58 158
72513 00 08 40
8 16°04 00 02 28 3 1 Unloadig 2™ load
81619 00 547 146 O Loadmg 3™ load (35 1b )
81634 222 652 1380
816 49 53 27 8 859
817 04 37 125 859
g 1719 Qg 10 42
1009 59 00 00 ] 1 6 Unloading 4" load (40 1b )
1010 14 090 118 301 Loading 5" load (51b )
1010 29 119 357 521
10 10 44 0qQ 103 33.5
10 10 59 00 00 06
110101 00 43 201 0 7 Unloadmmg 5™ load
1101 16 17 86 172 Loading 6™ load (20 1b )
11 01 31 00 02 28
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Tablc 9 (cont’d)
Real-Time Perchloroethylene Air Concentrations
Drycleamng Plus
Cincinnati, Ohio
Scptember 8, 1998

Time Min Avg Max STEL  Descnpticn of Task or Event

11 5027 00 00 13 I 3 Unloading 6™ load
115042 00 09 30
11 50 57 00 115 391
115112 10 100 231
115127 135 240 63 6
115142 35 65 162
11 51 57 00 15 54

1135357 00 489 1410 16 3 Cleaming Imt and button traps
11 54 12 00 93 68 9
11 54 27 a0 84 718
11 54 42 00 365 2540
11 54 57 00 1530 8780
115512 294 2190 6210
11 5527 37 107 294
11 5542 02 301 184 0
115557 253 43 2 1330
1135612 377 1170 2150
11 56 27 204 914 3260
11 56 42 338 958 24240
11 56 57 195 47 4 1000
115712 108 209 255
11 5727 09 55 13 4
11 57 42 00 07 16
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Perc Conc {ppm)

Figure 11
Real-Time Perchlorpethylene Awr Concentrations vs Time of Day
Drycleaning Plus
Cincmnat, Chio
September &, 1998
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Table 10
Real-Time Perchloroethylene Air Concenirations
Drycleaning Plus
Cincinnati, Ohio
September 9. 1998

Time Min Avg Max STEL Descoption of Task or Event
629 00 11 24 4 6 Loading 1% lpad (30 1b }
6 29 13 254 2120

629 54 952 2170

6 30 372 3G9 191 Q

6 30 19 229 122

6 30 09 60 |89

6 30 03 04 09

631 01 02 04

631 01 12 32

6 31 00 01 17

7 24 00 02 16 3 3 Unloading 1% load

724 00 351 76 6 Loading 2™ load (20 |b )
723 2913 62 8 105 0

725 386 567 865

725 31 1540 48 4

725 16 30 §2

726 07 10 30

726 0a 10 17

726 01 (3 17

7 26 00 00 01

816 00 01 15 3 4 Unloading 2™ load
816 00 205 497 Loading 3™ load {20 1b )
816 223 44 9 831

816 318 658 1000

817 26 2513 726

317 49 221 532

817 00 08 77
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Tahle 10 (cont’d)
Real-Tume Perchlorocthylene Air Concentrations
Drycleaming Plus
Cincinnatt, Ohio
September 9, 1998

Time Min Avg Max STEL Decsenphion of Task or Event
914 00 121 426 5 4 Unloading 3™ load

914 383 1190 196 0 Loading 4™ Load (40 Ib }
915 235 1480 23480

915 00 66 266

915 20 130 231

215 g0 00 20

1005 00 43 176 2 1 Unloading 4™ load
1005 103 406 1060 Loading 5" load {15 1b )
10 06 40 325 737

1006 28 189 581

10 06 00 18 49

10 06 Q0 02 20

1108 0o 679 27170 4 1 Unloading 5™ load

11 08 122 1410 3680 Loading 6" load (5 Th )
11 0% 00 109 253

1109 00 09 54

11 09 00 00 ]

1159 0o 09 113 () 7 Unloading 6™ load

i1 39 33 12 8 324

11 5% 00 04 51
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Frpure 12
Real-Time Perchloroethylene Aar Concentrations ve Time ol Day

Drycleamng Plus

Cincinnati, Ohio
Scptember 9, 1998
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Table 11
Real-Time Perchloroethylene Air Concentrations
Drycleamng Plus
Cincinnati, Ohio
September 10, 1998

Time Min Avg Max STEL Descnption of Task or Event

632 00 206 2750 g 0 Cleamng lint und button
632 432 2000 5190 traps

632 3638 976 3840

6 33 07 151 950

633 04 592 4250

633 02 41 453

6 33 00 129 510

634 00 69 363

634 05 322 2135

6 34 00 56 317

640 00 02 22 2 6 Loadmng 1* load {20 1b )
64l 00 13 130

6 41 01 476 1740

6 4t 279 677 1740

641 o 92 321

732 00 181 842 2 1 Unloading 1* load

732 198 450 772 Loading 2™ load (40 1b )
733 93 237 46 5

733 40 58 93

733 15 30 52

733 00 10 27

9 20 00 105 470 12 9 Unloading 2™ Joad
920 46 3 3770 8680 Loading 3™ load (10 1b )
9120 336 1840 3800

2] 133 567 1740

921 239 686 1850

921 115 239 44 1

521 107 127 16 0

G922 53 73 123

922 39 50 60

922 00 22 57

922 05 17 29




Table 11 {cont’d)

Real-Time Perchlorogthylene Air Concentrations
Dryclcaning Plus

Cincinnaty, Qhio

September 11), 1998

Time Min Avg Max STEL Description of Task or Event
11 01 00 73 327 0 6 Unloadmg 4" load

11 02 00 23 17 0

10 E1 00 02 18 1 1 Unloading 3™ load

1011 G0 00 Q0 Loading 4% load (5 1b )

10 t1 00 123 295

1012 35 227 43 8

1012 00 40 174

1012 0o 02 10

1012 00 00 01

11 35 6o 01! 14 5 1 Loading 5" load (10 Ib ) after
11 55 00 2630 12070 PERC distillation

11 55 G0 o2 329

11 35 00 43 146

11 56 00 16 132

11 36 00 Do 08

12 49 00 00 13 1 7 Unloading 5™ load

1249 13 698 184

12 49 00 09 94
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Perc Congc (ppm)

Figure 13

Real-Time Perchloroethylene Air Concentrations vs Time of Day

Drycleaning Plus
Cincinnati, Ohio

September 10, 1998
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Table 12
Real-Time Perchloroethylene Air Concentrations
Drycleamng Plus
Cincinnati, Ohio
September 11, 1998

Time Min Avyp Max STEL Description of Task or Event

641 00 00 00 10 1 Clcamng lint and button traps
6 41 00 42 i55

641 05 165 67 3

6 4] 208 2680 5390

642 88 371 1370

642 53 133 209

642 2.1 242 792

642 00 20 62

643 Q0 00 00

643 Q0 4069 3090

643 46 736 3090

643 12 182 104 O

6 44 00 11 90

6 44 00 38 121

6 44 43 329 822

6 44 46 358 88 O

645 Q0 158 672

653 00 00 08 4 0 Loading 1* load (40 1b )
6 53 a6 1420 3400

6 54 272 592 186 0

G 54 00 AL 451

7 44 00 337 %0 1 4 3 Unloading 1¥ load

744 294 49 0 754 Loading 2™ load (20 1b )
744 46 3 812 1460

745 21 268 68 2

745 15 162 40 5

745 0o 62 287

935 00 915 4140 12 0 Unloading 2™ load
936 2390 4200  8I00 Loading 3" load (25 1b )
G 36 213 1230 2580

936 71 565 196 0

936 11 34 71

937 00 01 23

937 00 00 00
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Table 12 (cont’d)
Real-Time Perchioroethylenc Awr Concentrations
Drycleammg Plus
Cincinnati, Ohio
September 11, 1998

Time Min Avg Max STEL Descnption of Task or Event
1033 00 03 29 4 8 Unloading 3™ load

10 33 G0 07 1t 4 Loading 4™ load (10 b))
10 34 114 48 1 799

10 34 69 7 1590 2190

10 34 139 396 124 0

10 34 13 32 142

10 35 00 99 443

1132 00 61 62 6 1 9 Unloading 4" load
1132 187 756 1800

11 32 ¢0 32 225
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Real-Time Perchloroethylene Air Concentrations vs Time of Day
Drycleaning Plus
Cincinnati, Ghio
September 11, 1958
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Table 13

Perchloroethylene Worker and Area Air Exposure Concentrations

with Local Exhaust Ventilation System Operating

Drycleaning Plus
Cincinnati, Ohio
January 25-29, 1999

Mean Mean
Worker PERC PERC PERC PERC
or Sampling Conc Conc Conc Conc
Sample Area Tune  (ppm)  (ppm) (ppm) (ppm)
Datc 1D Number  Job Deseription {min ) (tube) (badge} (tube) (hadge)
01/25/9% DP-01 Operate machine 367 269 3 D&L 4 76 4 80
01/25/9¢  DP-01 COperate machine 367 271R (184) (224
01/26/99  DP-01 Operate machine 296 453 3 78L
01/26/99  DP-01 Operate maclune 296 3 86R
01/27/9¢  DP-01 Operate machme 221 467 4 141
01/27/99 DP-01 Operate machine 221 4 4R
01/28/9%  DP-01 Operate machine 276 219 215L
41/28/99  DP-01 Operate machine 276 22 0R
01/29/99  DP-01 Operate machmne 309 716 8 SIL
01/29/99 DP-01 Opcrate machine 309 8 14R
01/25/99 DA-01 On top of machine 378 242 245 277 294
01/26/9%  DA-01 On top of machine 307 235 303 (063 (036)
01/27/99  DA-D1 On top of machine 226 261 258
01/28/99  DA-01 On top of machine 299 178 17 6
01/29/99  DA-01 On top of machine 342 371 368

PERC = Perchloroethylene = tetrachlarogthylene
tube = charcoal tube sampler collected using an ar sampling purmp
badpe = passive air sampling badge contamming charcoal 575 Senes by SKC Inc
ID = dentfication
NA =nat avatlable
ppm = parts PERC per rllion parts air
{ ) = numbers m parenthesis arc the standard dewviation for the mean value above 1t

R = nght lapel

L = left lapel
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Table 13 (con’t }
Perchloroethylene Worker and Arca Awr Exposurc Concentrations

with Local Exhaust Ventilation System Operating

Drycleaning Plus
Cincinnaty, Ohio
January 25-29, 1999

Mean Mean
Worker PERC PERC PERC PERC
of Sampling Cone Cone Conc Conc
Sample Area Time {Ppm) (Ppm) {Ppm) (Ppm)
Date  TD Number  Job Descnpuion (rmun ) {tubc) (badge} {iube) {badge)
01/25/99 DA-(2 In vmddle of siore 374 067 379 001 111
027 024
01/26/99 DA-Q2 In muddle of store 307 123 134 ( ) ( )
01/27/99 DAD2 in middle of store 244 103 122
0128499 DA-02 In mddle of store 208 104 108
01/29/40 DaA-0O2 In nmddle of store 342 069 119
01/25/99 DA-0O3 In front of machine 37 L &7 210 2 87 260
(113) (47
01/26/99 DA-03 In front of machine 298 317 3122
01/27/99 DA-02 In front of machine 229 438 245
01/28/99 DA-(3 In front of machine 292 212 219
01/25/99 DA-03 [n front of machine 340 226 262
01/25/99 DA-04 In front of store 364 025 063 D46 063
6
01/26/99 DA-04 In front of store 307 062 074 (016) ©1h
01/27/99 DA-( In front of store 245 046 047
01/28/99 DA-(04 In front of store 203 5354 663
01/29/96 DA-04 In front of store 340 052 067

PERC = Perchloroethylene = tetrachloroethylene
tube = charcoal tube sampler eollected using an ar satmpling pump

badge = passive aw sampling badge containing charcoal 375 Senes by SKC Ing

ID = identificanon
NA =not avanlable
ppm = parts PERC per imulhon parts aic

( )= numbers w1 parenthesis are the standard deviation fot the mean value above 1t

R = night lapel
L = lteft lapel
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Table 14

Perchloroethylene Worker and Area Air Exposure Concentrations

with Local Exhaust Veniilatien Sysiem Not Operatmg

Drycleaning Plus
Cincinnaty, Ohio

February 1-5, 1999

Mean Mean
Worker PERC PERC PERC PERC
or Sampling Conc Cong Conc Cone
Samplc Area Time  (ppm) (ppm) {ppm) {ppm)
Date 1D Number Job Description (mn ) {tube) (badge) (tube) {badge)
02/01/99 DP-01 Operate machinc EX Y| 819  802L B 54 8 67
02/01/99 oP-01 Operate machine 341 & 6OR (122) 1)
02/02/99 DP-011 (Operate machine 297 0 86 11 9L
02/02/99 DP-01 Opcrate machine 297 11 5R
02/03/99 DP-01 Operatec machine 276 171 16 6L
02/03/99 DP-01 Operate machine 276 19 5R
02/04/99 DP-01 Opcrate machine 293 702 6610
02/04/99 DP-01 Operate machine 293 6 22R
02/05/99 DP-01 Operate machine 243 907 7 Q3L
02/05/99 DP-01 Operate machine 243 937R
02/01/99 DA-01 On top of machme 400 479 514 506 56!
02/02/99 DA-01 On top of machme 336 572 6 48 @53) (064)
02/03/99 DA-01 On top of machine 284 207 201
02/04/99 DA-01 On top of machme 290 4 47 512
02/05/99 DA-01 On top of machine 261 325 569

PERC =TPerchlotoethylene = tetrachloroethylene
tube = charcoal tube sampler collected using an awr sampling pump
badge = passive ar sampling badpe contamng charcaal 575 Seres by SKC Inc
1D = wWlenirficanon
NA = not avalable
ppra = parts PERC per mollion parts air

{ } = numbers m parembesis are the standard deviation for the mean value above it

R =mnght lapel
L = left lapel
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Table 14 (cont’d)
Perchloroethylene Worker and Area Awr Exposure Concentrations

wiith Local Exhaust Ventilation System Not Opcraling

Drycleaning Plus
Cincinnati, Ohio
February 1-5, 1999

Mean Mean
Worker PERC PERC PERC PERC
or Samphng Conc Conce Conc Conc
Sample Arca Time ippm}  {ppm} {ppm) {ppm)
Date ID Number Job Description (mn ) (tube) (badge) (tubg) (badge)
02/01/99 DA-02 In middle of store 397 126 1 53 138 163
02/02/99 DA-G2 In mmddle of storc 331 205 214 (050) (038)
02/03/99 DA-(2 In mmddle of store 293 352 429
02/04/99 DA-02 In ruddle of store 290 137 162
02/05/99 DA-02 In middle of store 259 085 124
02/01/99 DA-03 In front of machme 368 267 273 380 472
02/02/99 DA-03 In front of machine 333 709 893 @21) (283
02/03/99 DA-03 In front of machine 293 126 152
02/04/99 DA-03 In front of machine 291 299 369
02/05/99 DA-03 In front of machine 260 244 356
02/01/99 DA-04 In front of store 357 032 058 Q076 ¢ 83
02/02/99 DA-04 In front of store 326 136 144 ©47) (©a4)
02/03/99 DA-04 In front of store 293 136 203
02/04/99 DA-04 In front of store 301 0 88§ 087
02/05/99 DA-04 In front of store 257 047 0 44

PERC = Perchloroethylene = tetrachloroethylene
tube = charcoal tube satmpler collected using an air sanpling pump
badge = passive air sampling badge comtainng charcoal 373 Senes by SKC Inc
ID = idennfication
MNA = not available
ppm = parts PERC per mullion parts air

{ ) = numbers m parenthesis are the standard deviation for the mean value above 1t

R = right lapel
1. = left lapel
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Table 15
Statistical Comparison of Charcoal Tube Mean Perchlorocthylenc Air Concentrations with the Local
Exhaust Veniilation System Operatimg and Not Operating
Drycleming Plhas
Cimcimmmnati, Ohio
Tanuary 25-29, 1999 and Fcbhruary 1-5, 1999

Mean Mean
PERC PERC Pcrcent
Worker Conc With Conc With PERC Critical Cnitical Cntical
or LEV On LEV Off Conc i t t
Area (ppm) (ppm) Reduced t at 90% at 95% at 99%
Number {tubes) {tubes) {tubes) Value Confidence Confidence Confidence
DP-01 476 8 54 44 3 343 1 64 235 4 54
DA-01 277 506 453 548 1 64 2135 4354
DA-0O2 091 138 341 170 164 235 4 54
DA-03 2 87 3 80 245 074 164 233 4 54
DA-04 046 076 355 120 1 64 235 4 54

PERC = Perchlorocthylene

LEV = local exhaust ventilation

ppm = parts PERC per million parts air
tube = charcoal samphng tube
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the Local Exhaust Ventlation System Operating and Not Operating
Drycleaning Plus

Cincinnaty, Oluo

January 25-29, 1999 and February 1-5, 1999

Table 10
statistical Comparison of Passive Sampling Badge Mcan Perchloroethylene Air Concentrations with

Mean Mean
PERC PERC Percent
Worker Cone With Conce With PERC Critical Crntical Critical
or LEV On LEV Off Conc t t t
Arca (ppm) (ppm) Reduced t at 90% at 95% at 99%
Number  (badges) (badges) (badges) Value Confidence Confidence Conlidence
Dp-01 430 867 446 354 164 235 4 54
DA-01 294 561 476 633 1 64 235 454
DA-(2 111 163 274 232 1 64 235 454
DA-03 260 472 319 148 164 233 4 54
DA-04 163 083 241 0 90 164 235 4 54

PERC = Perchlorocthylene
LEV = ilocal exhaust ventilahion

ppm = parts PERC per rlhion parts air

tubc = charcoal sampling tube

badge = passive sampler badge, SKC 575 Senes Passive Sampler
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Tabie 17
Summary of Real-Time Perchloroethylene Air Concentrations
Drycleaning Plus
Cincinnati, Ohio
January 25-29 and February 1-5, 1999

Min Mean Max STEL Wezht
Twme PERC PERC PER(C PERC Task of LEY
of Conc Conc QConc Cone Time Load Operanen
Diate Day Task Performed fppm) (ppm) {ppm) (ppm) {mm) _(lbs} Status
1/25/9% 6 44 AM unload a load from previous day, 00 141 528 2131 2 30 On
load Lst load
1/25/99 7 35 AM unload 1si load, load 2nd load 00 179 567 166 | 35
1/25/9% 9 32 AM unload 2nd load, load 3ed load 00 83 408 102 1 15
1/25/99 10 20 AM unload 3td load, load 4th load g1 139 591 229 2 30
1/25/99 11 11 AM unload 4th load, load 5th lead 00 58 227 085 I 30
1/25/99 12 09 PM unload 5th load, load ath load 00 144  BH6 143 1 10
1/26/99 6 20 AM clean Iint and button traps 04 194 1400 428 3 On
1/26/99 6 33 AM load ist load 00 87 373 159 2 20
1/26/99 7 24 AM unload 1st load, load 2nd load 00 146 514 144 1 30
1/26/99 819 AM unload 2nd load, load 3rd load 00 289 1030 239 1 30
1/26/95 10 00 AM unload 3rd load, lvad dih load 00 198 733 179 i 15
1/26/99 11 13 AM load 4th load, load 5th load 00 57 227 D8S 1 5
1/27/99 6 24 AM clean hnt and button traps 05 1050 4520 144 2 On
1727499 635 AM load 1st load 00 198 690 179 1 30
1/27/99 725 AM unloead 1st load, load 2nd load 00 159 946 173 1 310
1/27/99 & 16 AM unload 2nd load, load 3rd load 00 186 1030 171 1 20
/27499 912 AM unload 3rd load, load 4th load o0 186 1310 171 1 a5
1/27/99 959 AM unload 4th load 00 164 522 156 1
1/28/99 6 32 AM clean lint and button traps 80 227 924 49 3 On
1/28/99 635 AM load 1st load 34 328 2200 G90 3 25
1/28/99 7 27 AM unlpad 2nd load, load 3rd load 90 o1 930 o642 3 30
1/28/99 £ 18 AM unlead 2nd load, load 3rd load 32 229 554 349 2 15
1/28/99 915 AM unlpad 3rd load, load 4th load 57 210 1990 4060 3 35
1/28/99 10 05 AM unload 4th load, load 5th load 62 287 716 &D2 4 )
1/29/99 6 38 AM clean hnt and button traps 66 1550 3840 314 3 On
1/29/99 6 41 AM unload drapes from previous day 00 1980 BIOD 268 2
1/29/99 6 48 AM load Ust load 10 441 2130 341 1 is
1/29/99 7 40 AM unload 1st load, load 2nd load ¢o 252 900 215 1 25
1/29/99 8 32 AM unload 2nd load, load 31d load 00 237 753 203 1 20
1/29/99 9 50 AM unload 3rd load, load 4th load 00 105 582 117 1 20
1/29/99 10 55 AM unload 4th load, load Sth load 00 345 1360 277 1 10
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Table 17 (con’t)
Summary of Real-Time Perchloroethylene Air Concentrations
Drycleaming Plus
Cmennat, Ghao
January 25-29 and February 1-5, 1999

Min Mean Max STEL Weight
PERC PERC PERC PERC Task  of LEV
Conc Conc Cone Conc Tmme [Load Operztion

Date Time Task Performed {ppm) (ppm)} (ppm) (ppm) (mun) (Ihs) Status
2/1/99 700 AM clean Iinl and button traps 37 667 3390 220 ] Off
21799 2715 AM load 1st load 0onh 450 2240 373 1 40

20199 919 AM unload 2nd load, load 3rd load 0 187¢ 4790 129 1 35

21499 10 09 AM unload 3rd load. luad 4th load 123 73¢ 2260 102 2 40

21199 11 01 AM unload dth load, load 5th load 00 103 353 055 1 25

2/1/99 11 51 AM unload 5th load, load ath 00 4749 1250 3166 1 30

2/2/99 6 40 AM clean inl and button iraps 34 617 2170 168 4 Off
2/2/99 & 55 AM load Ist load 00 597 4960 511 1 25

2/29% 747 AM unload 1st load, load 2nd lead 00 617 1410 458 1 3

2/2/99 B 20 AM unlead 2nd load, load 3rd load o 257 1040 386 2 30

2/2/99 913 AM unload 5rd load, toad 4th load 0o ol 2500 421 1 30

2/2/99 946 AM unload 4th load, load 5th load 00 750 2120 547 1 10

2/2/99 10 42 AM unload 5th load, load 6th 00 09 138 033 1 10

2/2/99 11 33 AM unload 6th 40 26 1250 104 1

2/3/99 6 20 AM clean Iint and button traps 02 1040 3070 1413 2 Off
2/3/99 625 AM load 1st load na 885 3920 637 1 25

2/3/99 715 AM unload 1st lead, toad 2nd load 57 935 1870 129 2 30

2/3/99 8§05 AM unlvad 2nd load, load 3rd load 19 412 1189 593 2 30

2/3/99 9 10 AM unload 3rd load, load 4th load 39 1980 3570 270 2 30

2/3/99 10 03 AM unload 4th load, load Sth load o0 605 1700 450 1 15

2/4/9% 6 20 AM clean hnt and button traps 0o 167 1800 2374 3 Off
2/4/99 623 AM load lst load 02 761 3150 106 2 20

2/4/9% 719 AM unload 1st Toad, load 2nd load 00 109 664 119 1 40

2/4/99 8§ 11 AM unload 2nd load, load 3rd load 00 4331 1160 335 1 5

2/4/99 9 58 AM unload dth load, load 5th load 0o 00 18 047 1 5

2/4/99 10 16 AM check garment for fading 130 616 2170 B63 2

2/5/99 6 24 AM clcan hint and button traps 16 641 2570 BOR 2 Off
2/5/99 634 AM load 1st load 00 558 8730 419 ! 30

1599 725 AM unload 1st load, load 2nd load 0aQ B0s5 2144 383 1 25

2/5/99 B 30 AM unload 2nd load, load 3rd load 00 467 1180 358 1 30

2/5/99 934 AM unload 3rd load, load 4th load 0o 108 1950 119 i 5

STEL = short-termt exposure lirmit
PERC = Perchlorocthylene

ppm = parts PERC per million pars air
LEV = local exhaust vennlation
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N1osh's CDPLf

INTERAGENCY AGREEMENT
BETWEEN
THE QCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION
AND
THE NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH

MEMORANDUM OF AGREEMENT

THIS MEMORANDUM SETS FORTH THE TERMS OF AGREEMENT BETWEEN
THE DEPARTMENT QF HEALTH AND HUMAN SERVICES, PUBLIC HEALTH
SERVICE, CENTERS FOR DISEASE CONTROL, NATIONAL INSTITUTE FOR
QCCUPATIONAL SAFETY AND HEALTH AND U.S DEPARTMENT OF LABOR,
OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION

I DESCRIPTION OF SERVICE

The Occupational Safety and Health Administration has funded a study of control
technologtes for perchloroethylene i the dry cleaning industry to determine the extent of
exposure, to gather control and operational information, and to #ssist in determining
technological feasibility of controlling worker exposure to perchloroethylene (Perc)

This study will determine the extent of exposure of employees and control technology in
small and medum sized dry cleaning establishments to provide OSHA data to be utilized
1 determining technological feasibility of controlhing worker exposure to
perchloroethylene Plants will be selecied and data taken to characterize worker exposure
levels and control technology for "fourth generation” dry clearung machines (closed-loop,
dry-to-dry machines, with an integrated, m-line refrigerated condenser and a carbon
absorber o recover perchloroethylene vapors dunng the dry cycle) and "fifth generation”
machines, having the same {eatures as a fourth generation machine plus an internal
monitor / mterlock system to prevent door opening at perc concentrations above a set
fevel Inaddition, local exhaust ventilation will be added to a "third generation”
dry-to-dry machine with refngerated condenser 10 measure 1ts effect on employee
exposure

Exposure and contrel technology data wll be pravided ta OSHA wathin 10 months
following the effective date of this Agreement  The results of thus study will be
summanzed in & written report and raw data wll be appended

NIQSH will coordinate the study with any paraliel OSHA smdy to assure consistency of
data and 10 preclude geographucal overlap

o DURATION OF AGRETMENT
Agreement will begin upon signature through September 30, 1998

.
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NI  ESTIMATED COST BY FISCAL YEAR
Estimated cost for this Agreement FY 28

Contract
Direct Costs 338,095
Overhead 51,905
Support
Dyrect Costs 350,000
Overhead $10,000

Total Costs $100,000
IV PAYMENT TO BE MADE TO
National Institute for Occupatsonal Safety and Health by OPAC system.

Billing should be sent to  Mr Gregory Semkoski, Fiscal Officer, Room N-3104, U 5
Departrnent of Labor (OSHAY), 200 constitution Ave , N' W, Washingion, DC 20210

v REIMBURSING AGENCY LOCATION CODE (TREASURY STATION
SYMBOL)

-

The aceounting for this Agreement is  FO62-8-8-SYBU-26000-2589-IA0
Agency Location Code s 18-01-2012 Document number WOFRO002

VI TRAVEL

Travel under this Agreement is subject to allowances authorized in accordance with the

Federal Travel Regulations, Jomt Federal Travel Regulations, and/or Foreign Service
Regulations

VII. EQUIPMENT

Any equipment which 1s procured in order to provide service will be retained by the
National Institute for Occupational Safety and Health

VII PROJECT OFFICER

Mr Paul Bolon {202-2150-5592) fos OSHA,
Mr G E Bumoughs for NIOSH (513-841-4275)

This Agreement may be canceled within 60 days notice, whereby both parties mutually
agree in the cancellation

-
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IX  APPROVALS:

APPROVED AND ACCEPTED FOR THE CENTERS FOR DISEASE CONTROL
AND PREVENTION

b bt ot ot P sl ® e i 0 ary = oaa Saedam

BY. G ety o 1497
(Signaiu're) (Date) !

TITLE Diane D Porter, Associate Director for Managenent

APPROVED AND ACCEPTED FOR THE OCCUPATIONAL SAFETY AND
HEALTH ADMINISTRATION BY.

BY-

{Signature)

TITLE Acting Director, Directorate of Palicy
Occupational Safety and Health Administration

NOTE Ifthe Apreement s of a category needing approval of the Public Health Service
(based on PHS Genera! Adminustrguion Manual Chapter 8-77-10) or the Department
(based on HHS General Admimstration Manual Chapter 8-77-60), this signature section
should be adapted accordingly See the next page for format gmdance Contact the
Fingneial Management Office for category guidance

NOTE This agreement is made under the authonty of the Economy Act of 1932 as
amended (31 U S C 1535 and 1536

Clearance
FMO, Budpet Analyst

1

YR

Aunine B Belver s Mﬁ@é@ﬁfé 2
(Signature) (Tille) {Dale)





