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ABSTRACT

Worker exposures to perchloroethylene (PCE) occur 1n a large number of industries where PCE 1s
used for ergamc solvent vapor cleaning (degreasing) Solvent degreasing does not constitute a
distinet industnal catezory, but 1s an integral part of many major mdustnes This report examines
worker exposures to PCE dunng the loading and unloading of parls, and the performance of two
open-top vapor degreasers and one airless vacuum vapor degreaser at the loading/unloading
stairons  Air samples for PCE were collected on two separate occasions covering five days of
degreasing operations Personal breathing-zone concenirations for the airless vacuum vapor
degreaser operator ranged from 0 (8 parts per mullion {(ppm} to 0 4 ppm  These workers typically
spent 80% to 90% of their work shift at the vapor degreaser One maintenance worker adding
PCE to the airless vacuum degreaser had a short-term exposure of 2 5 ppm Personal breathing-
zone concentrations measured at the two open-top vapor degreasers ranged from 0 09 ppm up to
28 ppm A review of the sampling data and results showed that the degreaser operators were not
exposed to perchloroethylene concentrations m excess of the OSHA PEL
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L BACKGROUND AND PURPOSE

The National Institute for Occupational Salely and Health (NIOSH), worlung under an mter-
ageney agreement with the Office of Regulatory Analysis of the Occupational Safety and Health
Admimstration (OSHA), 1s conducting a study to survey occupahional cxposurcs to
tetrachloroethylene, commonly known as perchloroethylene (PCE) 1o vapor degreasing (parts
cleaning) operations, and te decument engineermg controls and work practices affecting those
CXposures

This study will detcrmunc the extent of employee exposures and control tcchnology m industries
that utilize vapor degreasing with PCE, thus providing OSHA with data for its analysis of the
technological feasibility for a possible revision of the PCE rvegulations  The study will provide
information on PCE degreasing equipment currently available to industry, engincenng controls
avanlable to industry, and work practices utilized to reduce employee exposures, use of personal
protective equipment, alfected mdustries, mamtegnance procedures, and the extent of employee
cxposurcs The three most commonly used vaper degreasers include open-top vapor degreasers
(OTVD)}, in-line vapor degreasers, and vacuum degreasers The Tlalogenated Solvents Industry
Allance (HSLA) estimates that approximately 10% of the 344 million pounds of PCE solvent
used in the United States 1 1998 was used for meral cleamng/degreasing ' However, the
industnes using PCE and percentages of degreaser types utihizing PCE are not well defined or are
unknown at this time

The performance of a thorough indastnal hygiene survey for a vanety of individual employers
will provide valuable and useful information to the pubiic and emplovers in the industries
meluded 1n the work  NIOSEH has conducted 6 sampling surveys at 4 sites to document
engineering controls and the associated worker exposures to PCE  The principal objectives of
this survey are

To identify and describe the control technology and work practices m use m degreasing
operations associated with potential occupational exposures to PCE, as well as
determmning addinenal controds, werk pracuees, subshituie matenals, or lechnelogy that
can further reduce occupational PCE exposures

To measure full-shift, personal breathing-zone exposures to PCE  These samples will
provide examples of exposures to PCE among workers across the many mdusines where
PCE degreasing 15 encountered These exposure data, along with the engineering control
data descrtbed above, will provide a picture of the conditions 1n the sclected industnes

IL. PERCHLOROETHYLENE (PCE) HEALTH EFFECTS

Perchloroethylene 15 a non-flammable iquid with a molecular structure contaiming two carbon
atoms and four chlorine atoms, a molecular weight of 165 8 {about 5 5 tumes as densc as air), a



boiling point of 250° F, specific gravity of 1 62, and a vapor pressure of 14 mmHg at 70° F
Inhalation of perchloroethylene can cause CNS depression (producing symptoms of vertiga,
dizziness, nausea, narcosis, In-coordination, headache, 1f exposures are hagh encugh
unconscrousness and death may occur), and direci contact with the Iiquid may :mpair the mucous
membranes, eves, and skm 23 Chronic exposure to perchloroethylene has been reported to causc
liver damage and penipheral neuropathy 1 humans, and hver carcinomas i expenimental
ammals * The International Agency for Research on Cancer (IARC) position regarding
perchloroethylene 1s that there 1s msufficient epidemiological cvidence to establish the
carcimogenic nisk to humans *

NIOSH considers perchloroethylene to be an occupational careinogen, and recommends that
exposurcs he rcduced to the lowest feasible level * The current OSHA permissihle exposure
limuts (PEL) for perchlorocthylene are 10} parts per milhon {ppm)} measured as an 8-hour tune-
werghted average (TWA), 200 ppm certhng and a maximumn peak of 300 ppm for 5 mnmutes
any three hours In 1989 OSHA lowered the PEL for perchlorocthylene from 100 ppm to 25
ppm, but a 1993 federal court reversed this achon  Several states have retained the 1989 himt
The American Conference of Governmental Industrial Hygienists {ACGIH) theeshold hnut value
for PCE 15 25 ppm averaged over an 8-hour penod, and the 15-minute short-term exposure lmat
(STEL)1s 100 ppm  ACGIH lhsts perchloroethylene as an ammal carcinogen (A3) and, based on
the available evidence, considers 1t unbikely to be a human carcinogen, except under unceommon
or unlikely routes and levels of exposure ©

IMI. METAL DEGREASING INDUSTRY BACKGROUND

Perchloroethylene exposures occur m a large number of industnies  Orgamc solvent cleaning
(degreasing) dees not constitute a distine! mdustnal category, but 18 an mtegral part of many
maor mdustnes The three most commonly used halogenated solvents are methylene chlonde,
perchloroethylene, and trichloroethylene In November 1993, the Umited Statcs Envirenmental
Protection Agency (EPA) published 11s National Emnission Standards for Hazardous Air
Pollulants  Halogenated Solvent Cleaning - Background Information Document ? In that
document, they report that the five 2-digit Standard Industrial Classificanion {SIC) codcs that use
the largest quantities of halogenated solvents for cleamng are SIC 25 {fumziture and fixtures), SIC
34 {fabricated metal products), SIC 36 (clectnc and clectromic equipment), and 51C 39
(mscellaneous manufacturmg industries)  Additional industnes that use halogenated solvents
for cleaning mclude SIC 20 (food and kindred producis), SIC 33 (primary metals), SIC 35 {non-
electric machmery), and SIC 38 (instruments and clocks) Non-manufacturing industries such as
ralroad, bus, aircrafl, and truck mamntenance facilities, automotive and electrie tool repair shops,
automobile dealers, and service stations (SIC 40, 41, 42, 45, 49, 33, and 75, respectively) also
use organtc solvent cleaners The above may also include cold degreasing or metal cleaning
operations In particular, the automobile dealers and scrvice stations would more hkely use PCE
as a cold degreaser than a vapor degreaser  The EPA estimated that in 1991, there were about
2070 degrcasers using perchloroethylene 1 the U S’



Vapor degreasing 1s an industnial process used to remove grease, oil, temporary coatings, and dirt
ar other soluds, where clean, dry surfaces are required  The process 1s commonly used to clean
all types of metal and solvent resistant plastics and may be used at any stage of a manufacturing
process 1o clcan parts of varying sizes, and parts containing recesses, blind holes, perforations,
crevices, or welded seams  Vapor degreasmg may occur before painting, enameling, or
lacquerng, electroplating, inspection, assembly, or packing It can also be used before and afler
machining, before further metal work, or treatment or other special applicattons *

Due 1ts mncreased vapor flushing and higher boiling point {250° F), PCE solvent 1s typically used
to remove o1l and greasy sols which become more flind and are morg soluble at ligher
temperatures ® Many buffing compounds contain 2 waxy binder that 15 only solvent soluble at
higher temperatures when 1t 1s molten PCE 15 the best drying solvent because 1ts high boiling
point {250° T) dnves water off the workload rapidly

THEQRY OF PROCESS - Open top vapor degreasers (OTVD}

Metal parts are cleaned in vapor degreasers by bouling cleaning selvent 1n the degreaser sump(s),
producing a heavy vapor Cold metal pari(s) arc mtroduced Lo the warin vapor zonc causing the
selvent vapor te condense on the surface of the cold part(s), (Figure 1)

Open-top vaper degreasers consist of several sections

+ A tank - solvent 15 heated to a boil in the tank

» The vapor zone - area immediately above the heated tank where vaponzed solvents
present The part(s) to be cleaned are held in the vapor zone until they reach the
temperature of the vapor and surface contaminants are flushed off the part(s) by ligqud
solvent condensation At this point, condensation or flushing ceases and cleanng 1s
complete The part 1s then removed from the umit clean and dry

* Coendensation coils - vapors are condensed on the degreaser condensation coils thereby
preventing thc vapors from cscaping the degreaser This forms a sharply defincd
interface between the splvent and air above the cotls

» The [reeboard - this 1s the area between the condensation eols and the top of the
dcgreascr This area provides additional contrel 1n containing the selvent vapor

The buili-in heat balance provides an equilibrium whereby the conl condenses vapors as fast as
they are produced by the heaters 1n the boiling sump The condensed vapors dnip nto the
collection trough and course through the water separator to the nnse sump and back to the first
sunp (o complete the “Distilate Turnover Cycie 3

Vapor degreasers are equipped with water separators to remove water from the process Water
enters a vapor degreaser through condensation of atmosphernic moisture  Water 1n a vapor
degreaser increases corrosion and contributes to higher losses because the PCE/water vapor has a
lower density then that of dry solvent The water scparator operates on the principle of gravity



separation, sice water 18 less dense and essentially imnuscible in PCE, the water floats to the
top The water 1s then directed towards disposal while the PCE 15 retumned to the tank sump ®

Stills are used to mncrease recovery of the cleaning solvent  The sull can be aperated batch-wisc
or coniimuously In continuous operation solvent 15 fed to the still from the degreaser boiling
sump and the distillate returms to the condensate reservoir A float control 15 used to keep the
level of solvent n the stll constant *

Other auxiliary eqmpment commonly used for OTVDs include refigerated freeboard devices to
reduce solvent lasses und carbon adsorption for romoval of solvent vapar from the air *

THEQORY OF PROCESS - Atrless Vacuum Vapor Degreasers

This process 18 performed in an arless, closed vacuum system where cleaming compounds are
used 1n their vapor or hquid state combined with optional spray, tumbling or soaking cycles 1o
completely remove contaminants such as grease, o1l, wax or particulate matter from the part
surface Parts to be cleaned are loaded mto a preheated degreasing chamber (Figure 2), the
chamber 1s ¢losed, sealed and evacuated The vacuum achieved 1s generally less than 5 torr

[1 torr equals 1 nulhmeter (mm) Hg] After pump down, solvent 1s heated under vacuum
pressure to operational temperature and the heated solvent vapor 1s released from the vapor
supply tank into the degreasing chamber The vapors clean the parts stmilar to the operations of
a traditronal vapor degreaser The warm solvent vapors are condensed on the surfaces of the
cooler parts, dissolving soluble contaminants, and carrying them off into the bottom of the
degreasing chamber As the vapor condenses on the parts, the parts heat up until the surface
reached the chamber temperature and condensation ceases  If further cleaning 13 necessary, the
parts are spraycd with hiquid solvent to cool themn down, foliowed by a second release of vapor
mto the degreasig chamber  The clean/spray cycle could be repeated as many times as desirad
After the eleaning cycles are cornplete, the solvent recovery process begins  Using a vacuum
pump, the [iquid solvent and contaminants are drained from the bottom of the degreasing
chamber to the distillanon chamber By placing the chamber under a vacuum, virtually all of the
remainng solvent 1s vaporized and removed from the degreasing chamber The degreasmg
chamber 1s then back-filled with ambient arr, end pumped down once more, this time passing the
exhausted air through a carbon filter to remove traces of PCE before releasmgi Lo the
environment Finally, the chamber 15 again filled with ambient air to atmospheric pressure and
opened for parts removal Typical eycle times, from parts Joading lo removal from the degreaser
chamber are 20 to 30 munutes  The cleaning process 15 controlled automatically by a
programmable controller, normally requiring no operator attention *

Vacuum or arless vapor degreasers consist of several components
* Pumps - the pumps are used to reduce the systern pressurce from 760 torr {(atmospheric
pressure) down to the operating pressure of less than S torr
= Selvent storage tanks - the solvent storage tank t3 kept at ambient temperature  The
vapor supply tarnk 15 mawntamed at operating tempcerature {~250°F)



» Duisullation - stills are used to mcrease recovery of the cleaning solvent The
distillation column 1s a jackeled pressure vesscl At low systern pressure, the solvent
boils at low temperature  Vapors are condensed 1a the distillation column and a sump
at the hottom of the column collects the contammants which arc then pumped io a
wastc storage vessel Waste from the system contains approximately 5% solvent,
conventional open-top vapor degreaser distillation waste contamns approximately 30%
solvent

» (Cooling - cooling capacity 1s need to cool solvent to the liquad form for spraying and
to keep solvent storage tank at ambient temperature for efficient pumping

* Heating - electrical or steam heat 15 necded to vaponzed the solvent

* AIr - 15 requited to operate door hfts, actuale valves, and pneumatic pumps

* Electncal - electncal requirements are dependent upen whether the unit uihized an
electrical boiler, chiller, pumps size, and sizc of the degreasimng vessel

v Cleamng chamber - pari(s) to be cleancd are held n the cleaning chamber untid they
reach the temperature of the vapor and surface contamnants are flushed off the part(s)
by liquid solvent condensation

IV. STUDY METHODS

Thus field study was conducted 1n accordance with 42 CFR 85a, the NTOSH regulations
govermng the mvestigation of places ol emploeyment

INDUSTRY AND PROCESS SELECTION

A prelimmnary review of mformation about degreasing technology was conducted and a plan was
then developed to assess worker exposures The primary critena for inclusion 1n this study was
the use of PCE as the degreasing solvent, and the use of control lcchnologies to reduce worker
exposures Oiher critena uscd for plant selection were, that the plant be a full-ume operation,
and that the plant management be willing to participate 1 the study

To deterrmine smtallity for study, the plant management was contacted by telephone to request
participatton and to obtain information necessary for scheduling a field visit  Survey
parttcipation by facility management and indrvidual employees was entirely voluntary The
sclection of the aclual survey site was based upon the control technology 1nformation recerved
Irom the facility and any pertinent information recerved from industry groups, trade associations,
or other persons or orgamzations [armhar with the facilities  The intent was to select facibities
that appeared to be typical {not necessarily representative) of that specific industry, not the best
or the worst A summary of the study protocel was provided to the plant managenient in advance
of the field survcy



INFORMATION COLLECTION

The first day of the site visit was spent meecting with company personnel (company management
and cmployees), conducting 4 walk through of the plant 1o begn the indusimial hygicne
assessment of exposure and control! technology used in the degreasing operatwons, and to arrange
sampling on the subsequent day The imtial walk-through survey was intended to charactenze
potential exposure levels, and to wdentify workers for full-shuft personal samphing  Employees
with the highest potential PCE exposurcs m the degreasing area were the major focus of the site
visits and were selected for personal samphng  Workers selected for samphnyg were briefed on
the sampling procedures to be conducted Because the goal of this study 1s to assess the effects
of engineening coentrols and waork practices on PCE cxposures, sample media were placed owtside
of any respiratory protective equipment wormn by the worker

Pertinent data on the employer and the industry were also collected including, company name
and location, number of employees by job title, products produced, processes used, and work
schedules Information about the facility or buslding(s} included the typc of butlding
construction, descnptions of general ventilation present, and age of the facility Most of this
information, while not mandatory for successful completion of the study, was helpful for
understanding the operahions and processes beng sampled

At the discretion of the industnial hygien:st, additional area and/or background samplcs were
collectcd using NIOSH Manual of Analytical Methods, Method #1003, pboto-iomization detector
{PID), ot other techimiques, 1f during the course of an investigation 1t was determmed that such
measurements would add to the vsefulness of the study

AIR SAMPLING METHODOLOGIES

This section summarnizes the samphing, analytical, and engmeerng evaluation methods used
dunng the course of this study to measure workplace levels of PCE and methods used to asscss
the elfectiveness of the available control technologies The effectiveness of the OTVD used at
thus facility was evaluated primanly by collecting personal breathing-zone (PBZ) air samples for
PCE dunng operation of the vapor degreasers PBZ samples were collected on the vapor
degreaser operator, the assistant operator, the core assemblers (clean room), the brazing furmace
operalor, and the fan assembly operator

Personal breathung-zone air samples were collecled to determine employces” full-shifl, ime-
welghted average, PBZ concentrations of PCE  Worker exposures were measured by placing a
battery-operated sampling pump on the workers with the air sampler placed in the workers’
breathing-zone Samples were collected at a flow rate of 0 2 liters per manute {Ipm} on solid
sorbent, coconut shell, charcoal tubes, 1n accordance with NIOSH Method #1003  Samples were
analyzed for PCE by the NIOSH coniract laboratory



Samplc data sheets were filled out by the ficld survey team to document all sumples collccted
Information contamned on the sample shects included  facilidy name, facihity location, process
name, worker identifier (included only to allow the “matching” of samples from the same worker
on different days), job title and task performed, pump number, pump flow rate, start imes, stop
umes, and samplc number  In addition, any unusval condiions, work practices, and use of
petsonal protective equipment, and the number of workers at the facality in that particular job
classification, were also noted  Data transmiatted to the laboratory included. sample date, sample
number, a NIOSH identification code, and a unique sample location cade The identity of the
worker corrcsponding to the sample location codes arc known only to NIOSH rescarchers

A second set of personal full-shifi TWA measuremenis were collecied separately using passive
“badge” samplers This set of measurements consisted of samples collected concuerently wrth
thosc samples listed above and analyzed via NIOSH Methed #1003 Fhe simultaneous sampling
allows for a commpansen of the two methods

CALCULATION OF ANALYTICAL RESULTS

For each employce sampled, a full-shift (up to 10-hour) TWA exposure to PCE was calculated
Assuming that no exposure occurred duning the unsampled period means that the TWA 15
calculated using the following equation

_CT+C T+ CT

TWA
sample time

(1)

Because most of the samples were single, full-shift samples, when the analysis of a sample
results tn a value less than the lunit of detection {LOD) of the analytical method, the LOD was
used o calculate the TWA, and the value(s) are reported as "at or below" the calculated valne
(e g, <005 mg/m’)

VIDEQ EXPOSURE MONITORING

Video Exposure Momionng (VEM) 15 a techmque that employs a video camera arxl a direct-
reading mstroment  Synchromzatton of the miemal clocks of both the camera and the instrument
1s required  For thus parficular study, the MimRae 2000 Portable VOC Momtor, Modcl PGM-
7600, (manufactured by Rae Systems Incorporated) served as the direct-reading imstrument The
MmiRae 2000 15 a compact monitor designed as a broadband volatile orgamic chemical (VOC)
gas monttor and datalogger, capable of storing the data measurements over one-second intervals
it momitors VOCs using a photoionization detector (PID) at an imtemally integrated flow rate of
450 - 550 mulliters per mmute (ml/mun) Thc resulting concentration mcasurenmicnts were
downloaded 10 a notcbook personal computer immedwatcly followmng the sampling session for
data storage



Degreaser operators were monitored duning several exposure cvents using the VEM techmque to
determine peak exposure events using the MiniRae 2000 Peak exposure events are primanly
unloadmg/loadimg operations, but could also inciude repair or maintenance operations which
could resuit in tncreased PCE exposure (& g, addition of PCE to the degreaser umt} The
MimRae 2000 was calibrated on-siie with a commcicially procured 100 ppm 1sobutylene
calibration gas (4 surrogale of known proporlional response), and operated according to
manufacturers mstructions The flow rates for the two MinmRaes used during these surveys wcre
533 ml/vun and 488 mifmn

Each exposure evenl was momtored for the duration of that event, and for a sufficient time prior
and subscquent 1o ¢stabhish a backeround concentration such that 5, 10 and 15 minute average
exposures can be caleulated  As the worker’s exposure was being collected, an 8mm video
camera mounted on a tnipad was recarding the worker’s movements  The exposures were later
combined with the videotape and the data appear as a moving bar graph that s superimposed at
the edge of the viewing screen  The VEM technique s an excellent tool for illustrating cause and
effect relanonships in the working environment

ENGINEERING AND VENTILATION EVALUATION

A detailed descrrplion of the degreasing equiptnent and auxiliary equpment (e g still, carbon
filter beds, ete ) were obtained, as well as information about rclated maintenance operations
mecluding the frequency of those operations Depending on the frequency of the achivity and who
perferms the activity, 1t may be treated as maintenance activity or as parl of the operators™ nermal
achiviies Background mformation aboul the degreascr incluchng the type of equipment (c g,
OTVD), the equipment manufacturer, the equipment design opetration and performance
parameters (e g , automation, enclosure, superheat, destillation umt, carbon absorbers, etc ),
ventilation, matenals or parts cleaned, mamtenance or repair procedurcs (& g, still elean-out) and
personal protective equipment used (e g , gloves, respirators) were gathered Plant and process
layout diagrams were obtaincd from plant management and are included in the attachments

Like the information on processes, the summary of engineenng conirols 18 a mx of narrative
description and physical measurements The measurements 1nclude such items as ventilation
flow rates and distance measurements The proximity of the control systems to open doars or
windows, gencral venlilation inlakces and exhausts, and other mteracting equipment (1 €, pcdesial
fans) werc also noted  The age and history of the control systems, cost of control imstailation,
maintenance practices, and operation and maintenance costs are included 1f provided by the
factlity management

Onc techmque used to evaluate the effectiveness of the local exhaust ventilation systermn was the
use of 4 smoke gencrator  The Rosco, Model 1500 smoke generator was used to visnahize
airflow patterns at the loading and unfoading arca of the vapor degreaser Addrtionally, airflow
measurements were taken across the open scetion of the vapor degreaser associated writh [oading
and unloading of the vapor degreaser using a VelociCale Plus, Model 8386 arflow meter



v COMPFPANY BACKGROUND

This company 1s a manufacturer of arrcraft located 1n the pacific northwest since 1974,
employing approximately 1300 people The facility visited produces fabricatcd metal parts and
assemblies for vanous aircraft  The facihily has three vapor degreascrs located on In two separate
bldings The three degreasers are utilized in two separate metal fimshing processes and one
asscmbly hne  Metal fimshing processes are conducted for corrosion protection and surface
preparation at twe plaung processcs and onc assembly operanon

VI. VAPOR DEGREASING (Cleaming) PROCESSES

The cleamng of parts 15 nccessary for the removal of dirt and ols [rom melal parls prior to
electroplating and assembly processes This facility had two open-top vapor degreasers and one
airless vacuum vapor degreaser The three degreasers were located in three dafferent arcas and
were used for three different processes Table | prescnts information about the three vapor
degreasers used at Facility #1 A Serec Anrless Vacuum Vapor Degreaser was used n the Vapor
Degreasing and Platng Department A Durr Ecoclean Vapor Degreascr was used m another
Vapor Degreaser and Plating Department  Finally, a Greco Brothers, Incorporated,
Immersion/Vapor-Spray Degreaser, Madel TDG15 LOIREH was used in the Gearlite Assembly
Department Each of the three units are described 1n more detal below

TABLE 1
YAPOR DPEGREASER COMPARISONS
Manufacturer Degreaser Type Amcnities
Serec Arrless Vacuum | Solvent still, carbon filter
Durr Open-lop Automaied, hotst, solvent shill
Greco Open-1op Manual, hoist

SEREC - Awrless Vacuum Vapor Degreaser

A Serec Arrless Vacuum Vapor Degreaser was purchased and installed for use in Vapor
Degreasing and Plating Department The unit was located 1n the middle of the building in a hagh
bay area Parts were loaded mto a degreasing chamber (Figure 2) and the chamber was
evacuated after closing and sealing the chamber The vacuum achieved 1n the degreaser chamber
was less than 5 torr  Theoretically, because air does not contact the solvent (PCE) 1n a vacuum
degreaser, the problems caused by condensation of water vapor into the system, such as corrosion
and 1ncreased solvent loss, arc considerably reduced, compared to npen-top degreasers °



The still 1s drained and cleaned about once per month, and mantenance personnel add about 1
hiter of stabilizer and about 30 gallons of PCE per month to the Serec arrless vapor degreaser

DURR - Open-Top Vapor Degreaser (OTVD)

A Durt Ecoclean Vapor Degreaser equipped with a still for clcaning and recychng PCE was
purchased and installed it 1994 The Durr was located n the cenler of the bulldimg, off a main
aisle, m a high bay area, near g wall separating the vapor degreaser umt from the electroplating
arca One, 4' by 6 general exhaust ventilation wall fan was located on the north wal]
approximalcly 35' from the degreascr machine and 16’ up the wall

The Durr 1s an open-top vapor degreaser used for ¢leaning carriages, cngine mounts, landing gear
and other asscmbly parts 1n the Vapor Degreaser and Plating Department  The untt holds a total
of 420 gallons ¢f PCE m four tanks, the main stitl tank, the spray tank, boiling tank, and the
overflow tank This umit 1s approximalely 22 feet long, by 8 feet wide, by 10 fect high, and the
lop door cpening 18 approximately 14 feet length by 5 5 [eet wide The parts cleanming basket 15
approximately 10 feet long, by 3 feet wide, by one foot deep to accommodate the large parts
cleaned in this umt The degreaser operalor utthized a two-lon overhead cranc for hiting and
placing parts nto the parts cleaning basket and for raistng and lowering the parls cleaning basket
into and out of the vapor degreaser The cleaming basket 15 raised and positioned over the
degreaser and lower mto the vmi for cleang  Oncc mnside the umd, the parts basket 15 detached
from the overhead crane and the unit door 15 closed The cleaning cyele 15 normally about 45 to
60 munutes in duration  After closing the unit door the degreaser operator leaves the area to
conduct other operatrons in the adyjacent electroplalng aren  The depreaser operalor 1s
responsible for adding PCE and stabilizer to the unat - Approximately two 55 gallon drums of
PCE and 3 5 liters of stabilizer are added to the unit one time per month

A contracter 1s retained do conduct a total clean-out of the Durr OTVD approximately every 18
months During the clean-out opcration, PCE 15 drained from the urit, the tanks and interor of
the untt are cleaned, and the bearings, belts and seals are replaced as nceded New PCE 1s then
added to the degreaser and the degreaser still

GRECQ - Open-Top Vapor Degreaser (OTVD)

The vapor degreaser utilized 1 gearhine assembly department was purchased and wnstalled 1n
1998 The umt was manuiactured by Greco Brothers, Incorporated, and 1s an Immersion/Vapor-
Spray Degreaser, Medel IDG1510IREH  The extenor dimensions of the umit are approximatcly*
0 5" long by 2 5" wide by 6'lngh The umit had two tanks (sumps} with a total solveni capacity of
50 gallons, a 20 gallon boihng tank and a 30 gallon nnse tank The unit was also equipped with
host for natenal handhng, spray lance, water separator, a primary cooling systens, a secondary
coiling system, and a drop-seal cover The primary cooling system maintains the primary coiling
coils at approximately 55° F  The secondary cooling system 1s located 1n the frecboard area of
the umt and mantains the cooling coils at temperatures hetwesn -5° F and -20° F '°
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This OTVD was used for cleamng small parts used at the gearline assembly and was loaded and
unloaded through the top A five step stairway leads to the loading platform and the top of the
vapor degreaser was about 40 inches above the loading platform  The top of the umit was
equipped with a drop-seal cover which includes and inner and outer cover  The ouler cover rolls
into place during operation and the inner cover 1s used to seal the umit from the extenior
atmosphere The degreaser has a work clearance area (opening) of 39" x 27" mches The vapor
level 15 4 feet below the top of the degreaser  An electric hoist was used to raise and lower the
parts basket into and out of the umt  Thc hoist speed was approximately 8 feel per mumute

The GRECO OTVD was utilized [or parts cleaning by 13 to 20 assemblers from the gearline
asscmbly The cleaming process takes place in two locations within the degreaser, the vapor zone
and the immersion (rinse) tank The workers using the vapor degreaser manually loaded small
paris into mesh meial baskets The cleamng basket was attached 1o the hoist chain and
posttioned over the OTVD opening  The worker opened the shding cover doors, lowered the
basket unlil the parts were within the vapor zonre, the part(s) may also have been ummersed wn the
rinse compartment depending on the part(s) being cleaned Alter the specified time period the
worker used a hand held spray lance to rinse the parts with iquid PCE  The tfotal itme peniod of
the cleamng cycle and dwell fime 1n the freeboard area was dependent on the parts to be clcaned
The gearline assemblers would typically clean one to two load per day and spend less than ten
minutics at the degreaser Adter cleaning, the basket was removed from the vapor degreascr and
the assembler would lcave the arca to return to the gearline assembly department  Onc employec
was responsible for adding PCE and stabilizer to the umit  The umt uses approximatcly three 55-
gallon drums of PCE per year and approximaiely (0 5 hiters of stalizer per month The sump
and water separator are cleaned out cvery 4-6 weeks

The PCE solvent was hoiled 1n the degreaser sump, thereby generating a vapor several times
heavier than air  The vapor was condenscd on the circumierential condensing coil and the
condensed distitlate was collected m a trough below the coit  The collecting trough was prtched
to one end of the tank so that the solvent condensate flowed via gravity to the water separator,
which m turn flowed to the offset distillation sump  The Greco vapor degreaser was equipped
wilh the followmng safely controls  low liqud cutout, high temperature cutout, high vapor cutout,
and chiller overload These controls were designed to shut down the degreaser should conditions
occur that would interfere with the proper operation of degreaser '

SOLVENT

A double stabilized solvent was used in all three vapor degreasers to prevent chenmcal
breakdown of solvent and subsequent acid formation  Qver time, solvent stabilizers are depleted
and must be added to prevent acid formation The pH of the degreaser PCE must be tested
weekly to determinc when and how much chemical stabihizers are necded  Acid formation 1n the
degreaser will cause many potential problems necessitating shut down of the nmt for cleanout
and repair
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EMPLOYEE RESPONSIBILITIES

Employees mvolved n vaper degreasing operations regerve traimng on the eperatton of the unit
they use, the health effects of PCE, and the NESHAP regulations hefore using the umt for the
first nme Workers utihzing the vapor degreasers placed parts io be cleaned directly into cleamng
baskeis, or attached larger parts to the howst chain  Cleaning baskets were placed on wheeled
carts and moved to the aisle adjacent to the vapor degreaser where the basket or part was attached
1o the hoist chain  The parts basket was meved 1nto position above the degreascr unit and
lowercd The cycle time was dependent on the parts being cleaned The workers generally
rematned at the degreaser during the cleaning cycle, because the eycle tiimes were generally of a
short duration and the worker generally used a spray lance to rinsc the part with solvent At the
Durr and Greco OTVDs, one employee were responssble for checking the pH of the PCE solvent
twice a week An altemate worker was responsible for adding PCE to the degreaser umit when
the primary indrvidual was not available These employees were also responsible for adding
PCE and stabilizer to their unit Mantenance personnel were responsible for adding PCE and
stabihzer to Serec arrless vacuum vapor degreaser  The employees wear Nitrile gloves when
drawing solvent samples from the unit and when zdding PCE and/or stabilizer to the unuts

Table 2 presents mformation about the amount of time workers spent working at the three vapor
degreasers used 1n this facility One to two operators typically worked at the Serec airless
vacuum vapor degreaser, staying i the area dunng the entire shift, wath the exception of breaks
{One degreaser operator worked at the Durt OTVD per shift  This opetator typically loaded and
anloaded parts for cleaning two to five times per day or about 60-80 munutes total tume in the
degreaser arca, the remaindcer of their day was spent working in the adjacent planng shop
Workers from the gearline typeally spent about one-half of onc hour per shift utilizing the Greco
vapor degreaser  The remainder of their day was spent 1n ather areas of the gearhne

TARLE 2
TIME SPENT at VAPOR DEGREASER
Degreaser Manufactorer and Amount of Time Spent In Relative Size
degreaser type Degreaser Area of Degreaser
Serec arless vacuum vapor Rematned in degreasing arca during | Large
degreaser the entire shift (>90%%)
Durr OTVD Operator loaded degreaser urut and Large
left degreaser area (~20%)
Greco OTVD Remained m degreasing area only Small
dunng cleaning cycle {<10%)
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Vil. RESULTS AND DISCUSSION

During the two site visits conducted at this facility, personal breathing-zone air samples and
passive dosimetry samples were collected on the employees utilizing or likely lo utihze the vapor
degreaser Addinionally, video-exposure momtortng of eleaning cycles was conducied Charcoal
tube sample results are provide below 1n Tables 3 thru 5 Passive dosimeter samplers provided
concentration measurcments sumlar to the charcoal tubc samplc results A separate publication
on the companson of these two methods will be prepared and wiil be provided when published

PCE SAMPLE RESULTS - Serec Awless Vacuum Vapor Degreaser

Table 3 presents the results of personal sampling for PCE at the Sere¢ Aurless Vacuum Vapor
Degreaser During the September 2000 site visit, one PBZ sample was collected on the
cemployece operating the Serec degreaser The PCE concentration detected on that sample was

0 14 ppm A subsequent visit to the facility in October 2000 revealed sismilar PBZ coneentrations
for the Serec Operator and Assistant Operaior  Four days of samphing indicated that PBZ for
these two employees ranged from 0 08 ppm to O 4 ppm, averaged over the work shift  General
arca samples collected 1n the center (exlenor) of the degreaser ranged form O 15 ppmto 1 5 ppm

During the Qctober 2000 vistt, two routine mamtenance operations were conducted at the Sercc
dcgreascr Short-term PBZ air samples collected on the maintenance worker adding PCE to the
Serec degreaser indicated that no detectable concentrations  Whle short-term PBZ air samples
eollected on the mantcrnance worker changmg the Serec Carbon filtration uniis was 0 25 ppm
dunng that operation
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Table 3

Perchloroethylene Degreaser Study - Site #1
SEREC Airless Vacnum Degreaser Sample Resulis
September/October 2000

Date Job/Location Sample Concentration (ppm)
Time T
(nunutes) | Charcoal Tube | Passive Dosimeter
FIRST SHIFT 7- 3pm
9719 | Serec Operator 284 014 NA
SECOND SHIFT 3-I1lpm
10/23 | Sercc Opcrator 279 008 NA
10723 | Serce General Arca - center of 264 0135 NA
umnit
10723 | Serec General Area - 258 15 NA
load/unload area
10/23 | Maintenance worker, changing 27 ND NA
Serec carbon filters
10/23 | Mamntenance worker - add PCE 9 25 NA
to the Serec degreaser
SECOND SHIFT 3 - Llpm T 1
10724 | Serce Operator 349 04 055
10724 | Serec General Area 392 034 NA
FIRSTSHIFT 7-3pm
10725 | Serec Operator 397 019 (023)
10725 | Serec-Arca 388 019 NA
10/25 | Serec Operator Assistant 137 015 Non-datectable
FIRSTSHIFT 7-3pm
10726 | Serec Opcrator 405 (27 (0 28)
10/26 | Serec Opcrator 406 018 NA
———————— ——— ——
OSHA 8-hour TWA PEL Criteria 100 100
ACGIH 8-hour TWA TLYV Criteria 25 25

Values i parentheses were between the analytieal it of detection and Lot of quantitation
NA - not applicable, matehing sample not collected
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Table 4

Perchloroethylene Degreaser Study - Site #1

DURR Open Top Vapor Degreaser Sample Results

September/October 2000

—_——
Date Job/Location Sample Concentration (ppm}
Time
(minutes) | Charceal Tube | Passive Dosimeter
FIRST SHIFT 7-3pm
9/19 | Durr Operator 109 28 29
SECOND SHIFT 3-11pm
10/23 | Durr Operator 250 16 NA
10/23 | Durr General Area - inspection 253 099 NA
booth adjacent to Durr
SECOND SHIFT 3 -1lpm
10/24 | Durr Operator 433 (033 06
1/24 | Durr General Area - inspection 475 251 NA

hooth

FIRST SHIFT 7-3pm

10/25 | Durr Operaior 371 089 095
10/25 | Durr-area 250 0 86 NA
= ;IRSTS=H!F T f_?pm - — 4‘= . -
10/26 | Durr Operator 416 11 13
10/26 | Durr-area 4838 074 NA
OSHA 8-hour TWA PEL Criteria 100 100
ACGIII B-hour TWA TLYV Criteria 25 25

Values in parenthesces were between the analytical et of detection and limit of quantitation
NA - not applicable, matching sample not collecied



PCE SAMPLE RESULTS - Durr Open-top Vapor Degreaser

Table 4 presents the results of personal sampling for PCE at the Durr Open-tep Vapor Degreaser
One PBZ arr sample collected on the degreaser operator durmg the September 2000 site visit
indicated that the operators exposure was 2 8 ppm dunng a 109 minute sample Samples
collected during the four day October visit showed that PBZ samplcs collected on the degreaser
operator ranged from 0 55 ppm to 1 6 ppm, sample tmes ranged Irom 250 to 433 minutes
Generally, the Durr degreaser operator would load the degreaser unit, leave the area to work 1n
the electroplating area and return to unload and reload the umt General area samples collected
about 10 feet from the front of the umt were less that 1 ppm

PCE SAMPLE RESULTS - Greco Open-top Vapor Degreaser

Table 5 presents the results of personal sampling for PCE at the Greco Open-top Vapor
Degreaser One day of sampling was conducted 1n September 2000 and three days of sampling
were conducted in October 2000 Sample results indicated that PBZ awr concentrations for the
gearhine asscmbly workers utibizing the Greeo degreaser ranged from 0 09 ppm up to 0 76 ppm,
with sample times of 116 minutes up to 438 munutes Two general area samples collected near at
the degreascr opening showed conecentrations of 14 ppm and 8§ ppm, averaged over £20 nunutes
and 425 minutes, respectively The workers utihzing the Greco degreaser generally cleaned two
to four loads, spending less than 10 minutes per load at the umi  The remamnder of their time was
spent at the assembly line
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Perchloroethylene Degreaser Study - Site #1
GRECO Open Top Vapor Degreaser Sample Results
September/October 2000

Table 5

Date Job/l.ccation Sample Concentration (ppm)
Time
(munutes) | Charceal Tube l Passive Dosimeter
=
FIRST SHIFT 7-3pm
/19 | Greco Operator 116 076 (0 82)
9/19 | Generat arca sample @ Greco 120 14 158
SECOND SHIFT 3-1ipm
10/24 | Greco Operator 359 021 (0 28)
FIRSTSHIFT 7-3pm
10/25 | Greco Operator 328 058 (035
10/25 | Greeo Operator 370 020 (0 15)
10/25 | Greco Opcrator 318 009 Non-detectabls

e —

FIRST SHIFT 7 - 3pm

—

#

10/26 | Greco Operator 318 039 039
10/26 | Greco Operator 404 018 02
10/26 | Greco Operator 438 032 034
10/26 | Greco-area 425 80 NA
OSHA our T

ACGIH 8-hour TWA TLY Criteria

B-hour TWA PEL Critena 100 100
25 25

Values in parentheses were between the analytical limit of detectien and limit of quantitation
NA - not applicable, matching sample not collected
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VIII. CONCLUSIONS

Charcoal tobe sampling resnits indicate that the employees uhhzing the three vapor degreasers at
this factlity were not exposed to PCE in cxcess of the OSHA PEL, nor the ACGIH TLV of 25
ppm dunng the ime of our site visit  Personal breathing-zone concentrations for the airless
vacuyum vapor degreaser operator ranged from 0 08 parts per mullion (ppm) to & 4 ppm  These
workers typcally spent 80% to 90% of thewr work shaft at the vapor degreaser  Onc mamtenance
worker adding PCE to the airless vacuum degreaser had a short-term exposure of 2 5 ppm
Personal breathing-zone concentrations measurad at the two open-top vapor degreasers ranged
from 0 09 ppm up to 2 8 ppm  However, these employees spent less than 20% of therr work shift
at the vapor degreasers as opposed to greater than 80% for the employees working at the airless
vacuum degreascr

While not discussed 1n detail, the passive dosimeter samplers provided results similar io the
results of the charcoal tube analyses A separate pubhcatuon on the companson of these two
methods will be prepared and will be provided when pubtished

IX. RECOMMENDATIONS

The {ollowing recommendations arc offered to reduce PCE concentrations and subsequent
emplayee exXposures

t To mummuze the influence of the rmmediate environment on the operation of the vapor
degreasers the umts should be located 1 a “drafi-free position away from windows,
doors, heater blowers, and air intakes Drafts must not blow mto the load/unload area '°

2 The presence of heat sources near vapor degreaser units ¢an react with PCE enussions
forming other hazardous substances The Matenal Safety Data Sheet prewided by the
PCE distributer indicates that “Thas product may deccompose when 11 comes n contact
with open flames, heating elements, electrical arcs (such as electrical motors) or
combustion cngmes Due to vapor density, 1gnition sources distant from arcas of
handling matenial need to be considered ” The MSDS indicates that *“Decomposimion by-
products may include chlonne, hydrogen chlonde, carbon monoxide, carbon digxade, and
possible traces of phosgene ™

3 Personal breathing-zone air sampling should be conducted on employecs adding PCE to
the vapor degreaser umts 1o determine short-term exposure concentrations during these
operations Contract employees involved in degreaser clean-outs should be sampled to
determine exposure levels assoctated wath degreaser clean-out aperations

4 Comprehensive employee education 15 a key to proper operation and maintcnance of
vapor degreasers The degreaser operators should receive annual training to ensurc that
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the vapor degreasers operate at maximum efficiency Degreaser operators should be
trained, net only m the operatien of the vapor degreaser, but alse on recogmzing when
routing preventive mamntenance 1s imndicated Preventive maintcnance and routine
maintenance are key mgrodients to proper operation of vapor degreasers

A concentration of 20-30% ol m solvent mdicates that the solvent should be replaced and
the unit cleaned This eperation 18 conducted by a confractor and requires that the unit be
shutdown, all solvent drumed from the vapor degreased, the intenor cleaned, and that the
vapor degreaser be refilled with clean solvent Degreaser operators should be ramned lo
recogmze and test the solvent to 1nsure that the concentratton of o1l n the solvent does
not exceed this level

Room air currents around the opening to an open-top vapor degreaser should be less than
30 ft/min, to mintmuze loss of vapor during loading and unloading !' Efforts should be
made to ensure that air spceds around the vapor degreaser operung do not excecd the
manufacturet’s recommendations

To ensure that PCE vapors do not escape from the degreaser umts through preventable

leaks the vapor degreaset should be checked monthly using a direct reading 1nstrument to
detect PCE vapor leaks around the vapor degreasers
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APPENDIX

Figure 1 - Open-top vapor degreaser (OTV DY) showing major components of
OTVDs

Figure 2 - Schematic drawing of Airless Vacuum Vapor Degreascr showing major
compoanegnis
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